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INTRODUCTION

The i m p o r t a n c e  o f  g r o w in g  f u n g i  i n  a r t i f i c i a l  c u l t u r e s  

h a s  b e e n  r e c o g n i z e d  f o r  a l o n g  t im e*  T h ese  c u l t u r a l  s t u d i e s  

have  b e e n  u n d e r t a k e n  t o  d e t e r m i n e  t a x o n o m ic  r e l a t i o n s h i p s ,  t h e  

e f f e c t s  o f  t h e  s u b s t r a t u m  on t h e  m e t a b o l i c  p r o d u c t s ,  and t o  

o b t a i n  t h e o r e t i c a l  c o n c e p t s  o f  g r o w th  and d e v e l o p m e n t .  The compo­

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

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

num erous unknown c h e m i c a l s  and  c a n n o t  be e a s i l y  o r  e v e n  a c c u r a t e l y  

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

w o r k e r s  were  o f t e n  v e r y  c o m p l e x .  R a u l i n s T f l u i d  w h ic h  i s  s t i l l  

much u s e d  by m y c o l o g i s t s  i s  a go o d  e x a m p le  o f  t h i s  t y p e  o f  

medium.

The l a t e r  worJf o f  N a g e l i  ( 2 4 ) ,  M o l i s c h  ( 3 2 ) ,  and  

B e n e c k e  ( 3 )  h a s  shown t h a t  more s i m p l e  s y n t h e t i c  m ed ia  ca n  o f t e n  

be  s u c c e s s f u l l y  u s e d  i n  c u l t u r i n g  a v a r i e t y  o f  f u n g i .  The r e s u l t s  

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

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

o n l y ,  w ere  n e e d e d  f o r  g r o w t h ;  t h o s e  e l e m e n t s  b e i n g  s u l p h u r ,  

p h o s p h o r u s ,  m agnesium  and p o t a s s i u m .  When h i g h l y  p u r i f i e d  chem­

i c a l s  w e re  u s e d  t o  s u p p l y  t h e s e  e s s e n t i a l  n u t r i e n t s ,  some i n v e s t i ­

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

m in u te  t r a c e s  o f  o t h e r  c h e m i c a l s .  R a u l i n  ( 3 9 )  i n c l u d e d  a t r a c e  

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

t h a t  i t  g a v e  i n c r e a s e d  y i e l d s .  L a t e r  w o r k e r s  h a v e  f o u n d  a p p r o x i ­

m a t e l y  e i g h t e e n  i o n s  w h ic h  a c t  i n  a s i m i l a r  manner when added  t o  

c u l t u r e s  o f  A s p e r g i l l u s  n i g e r . The c a r e f u l  work o f  S t e i n b e r g  ( 4 7 ) ,



B o r t e l s  ( 6 ) ,  and Rob e r g  ( 4 4 )  i n d i c a t e  t h a t  some o f  t h e s e  i o n s  

a r e  e s s e n t i a l  f o r  t h e  g r o w th  o f  A s p e r g i l l u s  n i g e r . R i c h a r d s  ( 4 1 )  

was c o n v i n c e d  t h a t  t h e  r e s p o n s e  t o  su ch  e l e m e n t s  w ou ld  v a r y  w i t h  

th e  o r g a n i s m s  c u l t u r e d *

E l e m e n t s  w h ic h  a r e  e s s e n t i a l  or  s t i m u l a t i n g  i n  m in u te  

q u a n t i t i e s  become im p o r t a n t  f a c t o r s  w h en ev e r  c u l t u r a l  s t u d i e s  a r e  

u n d e r t a k e n .  I t  i s  d e s i r a b l e  t o  know how more o f  t h e  e c o n o m ic  f u n g i  

r e s p o n d  t o  su c h  e l e m e n t s .  Most o f  t h e  s t u d i e s  on g r o w th  s t i m u l a ­

t i o n ,  i n  t h e  p a s t ,  have d e a l t  w i t h  n o n - p a t h o g e n i c  f u n g i ,  w h i l e  

v e r y  few  o f  t h e  i m p o r t a n t  p a t h o g e n s  were  i n c l u d e d .  Pew f u n g u s  

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

F u s a r i a .  In  t h e s e  s t u d i e s  d e a l i n g  w i t h  t h e  e x p r e s s i o n  o f  v a r i o u s  

m o r p h o l o g i c a l  c h a r a c t e r s ,  and p h y s i o l o g i c a l  a c t i v i t i e s ,  no d e f i n i t e  

s t u d i e s  h a v e  b e e n  made o f  t h e i r  g r o w th  r e s p o n s e s  t o  t h o s e  c h e m i c a l  

e l e m e n t s  and compounds commonly c o n s i d e r e d  a s  g r o w th  s t i m u l a n t s .

The main p r o b le m  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  h a s  b e e n  t o  compare  

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

and n o n - p a t h o g e n i c  f u n g i  t o  t h e  t h r e e  e l e m e n t s ,  boron,  m a ngan ese  

and z i n c ,  and i f  p o s s i b l e  t o  make some c o n t r i b u t i o n  to  our  know­

l e d g e  o f  g r o w t h  s t i m u l a t i o n .  A m i n o r ,  y e t  e s s e n t i a l ,  p h a s e  o f  

t h i s  p r o b le m  h a s  i n v o l v e d  a s t u d y  o f  t h e  g r o w th  r e s p o n s e s  t o  

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

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

s t u d y  was n e c e s s a r y  f i r s t  t o  s e c u r e  a s u i t a b l e  c u l t u r e  medium 

and s e c o n d  t o  c o n t r a s t  t h e  g r o w t h  r e s p o n s e s  due t o  t h e  e s s e n t i a l  

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

l a t i n g  e l e m e n t s .



METHODS AND MATERIALS

CLEANING OF GLASSWARE: -

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

s o l u t i o n s  were  f i r s t  w ash e d  i n  h o t  so a p  w a t e r ,  t h e n  r i n s e d  i n  

ta p  w a t e r ,  a l l o w e d  t o  d r a i n  and d r y ,  and f i n a l l y  r i n s e d  t h r e e  

t i m e s  i n  h o t  d i s t i l l e d  w a t e r .  A l l  t h e  c u l t u r e  f l a s k s  were  f i r s t  

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

t i l l e d  w a t e r .  The f i n a l  o p e r a t i o n  was t o  b o i l  a b o u t  25 c c .  o f  

d i s t i l l e d  w a t e r  i n  e a c h  f l a s k  and d r a i n  w h i l e  h o t .  T h i s  p r o ­

c e d u r e  was s u f f i c i e n t  t o  remove a l l  t r a c e s  o f  s o l u b l e  r e s i d u e s .

INNOCULATION OF CULTURES: -

Spore  s u s p e n s i o n s  i n  d i s t i l l e d  w a t e r  w e r e  f i r s t  p r e ­

p a r e d .  A u n i f o r m  number o f  d r o p l e t s  were  t r a n s f e r r e d  w i t h  a  

s t e r i l e  p l a t i n u m  w i r e  l o o p  t o  e a c h  c u l t u r e  f l a s k .  With t h e  

F u s a r i a  v a r y  u n i f o r m  i n n o c u l a t i o n s  w ere  o b t a i n e d  i n  t h i s  m anner .  

H ow ever ,  t h e  A s p e r g i l l u s  s p o r e s  p r e s e n t e d  a  s l i g h t l y  d i f f e r e n t  

p r o b le m  s i n c e  t h e y  a l w a y s  f l o a t  on t h e  s u r f a c e  o f  t h e  l i q u i d .

Care must  be t a k e n  t o  o b t a i n  a  f a i r l y  u n i f o r m  d i s t r i b u t i o n  o f  

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

d i f f e r e n c e s  i n  t h e  amount o f  in n o c u lu m  w i t h  F u sa r iu m  l i n i  a r e  

p r e s e n t e d  i n  T a b le  1 and F i g u r e  2 .

FORM OF CULTURE USED: -

In  a l l  t h e s e  e x p e r i m e n t s  a l i q u i d  c u l t u r e  medium was  

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

s t a t e d  u n d e r  e a c h  t a b l e  o f  e x p e r i m e n t a l  d a t a .  When d i f f e r e n t

c o n c e n t r a t i o n s  o f  c h e m i c a l s  w ere  u s e d  i n  a s e r i e s  o f  e x p e r i m e n t s
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d i l u t i o n s  w ere  made from  s t o c k  s o l u t i o n s *  P y r e x  E r lenzneyer

f l a s k s  o f  125  c c .  o r  250 c c . w e re  u s e d ,  e s p e c i a l l y  when d r y  ^

w e i g h t  d e t e r m i n a t i o n s  o f  t h e  m y c e l iu m  and s p o r e s  w ere  d e s i r e d .

A l a r g e  s e r i e s  o f  c u l t u r e s  j u s t  a f t e r  i n n o c u l a t i o n ,  i n  t h e  

125  c c .  f l a s k s  a r e  shown i n  F i g u r e  1 .  In  some o f  t h e  e x p e r i ­

m en ts  w here  a r a t h e r  l a r g e  number o f  c u l t u r e s  were  e s s e n t i a l  

and an economy o f  i n c u b a t o r  s p a c e  r e q u i r e d ,  t e s t  t u b e s  c o n t a i n -

F i g .  1 .  A s e r i e s  o f  t h e  125  c c .  P y r e x  E r le n m e y e r  c u l t u r e  f l a s k s  
c o n t a i n i n g  4 0  c c .  o f  t h e  n u t r i e n t  s o l u t i o n .  ( J u s t  a f t e r  i n n o c u l a  
t i o n ) .  In  t h e  b a c k g r o u n d  a r e  t h e  g l a s s  f u n n e l s ,  f i l t e r  p a p e r  
and w e i g h i n g  cups  u s e d  i n  t h e  d r y  w e i g h t  d e t e r m i n a t i o n s  o f  t h e  
m y c e l iu m .



i n g  6 - 1 0  c c .  o f  t h e  c u l t u r e  s o l u t i o n ,  and a r r a n g e d  i n  a  v e r t i c a l  

p o s i t i o n  w e r e  f o u n d  t o  be v e r y  c o n v e n i e n t .  A l l  c u l t u r e s  w e re  

s t o p p e r e d  w i t h  c l e a n  c o t t o n  p l u g s ,  ( l i o n - a b s o r b e n t  c o t t o n ,  

b l e a c h e d ,  p a c k e d  by S e a b u r y  and J o h n s o n ,  E a s t  O ra n ge ,  N. J .  ) .

A l l  c u l t u r e s  w ere  s t e a m  s t e r i l i z e d  a t  15  pounds p r e s s u r e  f o r  8 

m i n u t e s .  Moro i n t e n s e  h e a t i n g  wa3 u n n e c e s s a r y  and s o m e t im e s  

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

QUANTITATIVE DETERMINATIONS OF THE MYCELIAL MATS: -

The w e i g h t  o f  t h e  d r i e d  m y c e l iu m  was c o n s i d e r e d  a s  

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

o f  t h e  f u n g u s  t o  t h e  medium on w h ic h  i t  h a s  b e e n  g r o w n .  F o r  

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

w e i g h e d  and d r i e d  f i l t e r  p a p e r  p l a c e d  i n  a g l a s s  f u n n e l  ( S e e  

F i g u r e  1 . ) .  Here t h e  m y c e l iu m  and s p o r e  m a s s e s  w e r e  w a s h e d  w i t h  

d i s t i l l e d  w a t e r  t o  f r e e  them from  a s  much o f  t h e  medium a s  p o s ­

s i b l e .  In  some c a s e s  t h e  amount o f  w a s h i n g  d e p e n d e d  upon  t h e  

q u a l i t y  o f  t h e  m y c e l iu m .  U s u a l l y  a b o u t  1 0 0  c c .  o f  w a t e r  w e re  

u s e d  i n  t h e  w a s h i n g  o f  e a c h  c u l t u r e .  As s o o n  a s  t h e  w a s h i n g  was  

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

f o l d e d  u p ,  d r o p p e d  i n  a n  aluminum w e i g h i n g  cup and p l a c e d  i n  a  

d r y i n g  ov en  r a n g i n g  from  8 5 - 9 0 ° C. A f t e r  one day  i n  t h e  d r y i n g  

o v e n  t h e  c o n t a i n e r s  w ere  w e i g h e d ,  t h e n  d r i e d  a g a i n  f o r  s e v e r a l  

h o u r s  and w e i g h e d  a g a i n .  A c h e c k  w i t h i n  4 m i l l i g r a m s  o f  t h e  

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

w it h in ,  t h i s  r a n g e  w e re  d i f f i c u l t  t o  o v e r c o m e .

In  some e x p e r i m e n t s  t h e  amount o f  m y c e l iu m  was e s t i m a t e d  

and s c o r e d ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  t h i c k n e s s  and u n i f o r m i t y
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o f  t h e  m a t s .  Such e s t i m a t i o n s  h a v e  h e e n  r e s t r i c t e d  l a r g e l y

t o  t e s t  t u b e  c u l t u r e s .

pH DETZRUINATIONS:

The pH o f  t h e  f i l t r a t e s  was d e t e r m i n e a  c o l o r i m e t r i c a l l y

u s i n g  c o l o r  s t a n d a r d s  and i n d i c a t o r  s o l u t i o n s  a s  d e s c r i b e d  by  

M e d a l i a  ( 3 1 ) .  There  i s  some e r r o r  i n  su c h  d e t e r m i n a t i o n s  b u t  t h e y  

c h e c k e d  r e a s o n a b l y  c l o s e  w i t h  known s t a n d a r d s .  The e a s e  a n d  s p e e d  

o f  m a n i p u l a t i o n  i s  o f  pr im e i m p o r t a n c e  when 2 5 - 5 0  d e t e r m i n a t i o n s  

must be made i n  a  s h o r t  t i m e .

CHEMICALS USED IN PREP ARATI OH OF CULTURE MEDIA: -

m e d ia  v a r i e d  i n  k i n d  and amount a c c o r d i n g  to  th e  p u r p o s e  o f  t h e  

i n v e s t i g a t i o n .  The d i s t i l l e d  w a t e r  was p r e p a r e d  w i t h  a C e r t i ­

f i e d  B a r n s t e a d  Water S t i l l .  The same s o u r c e  o f  w a t e r  was u s e d  

by J o h n s t o n  ( 2 1 )  i n  some o f  h i s  s t u d i e s  on th e  b o r o n  r e l a t i o n s  

o f  t h e  t o m a t o .  No s p e c i a l  m eth od s  o f  p u r i f y i n g  t h e  c h e m i c a l s  a s  

u s e d  by S t e i n b e r g  ( 4 7 )  o r  R oberg  ( 4 4 )  w e r e  e m p lo y e d .  C h e m ic a l s  

o f  h i g h  p u r i t y  w ere  u s e d  and i n  g e n e r a l  t h e  r e s u l t s  o b t a i n e d  can  

be compared w i t h  t h e  work o f  o t h e r  i n v e s t i g a t o r s  u s i n g  s i m i l a r  

c h e m i c a l s .  The f o l l o w i n g  l i s t  o f  s a l t s  w ere  s p e c i a l l y  p r e p a r e d  by  

J .  T. B aker  C h em ica l  Company f o r  t h e  Com m ittee  on S a l t  R e q u i r e ­

m e n t s  o f  t h e  N a t i o n a l  R e s e a r c h :

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

Magne s ium s u l p  n a t e  
P o t a s s i u m  n i t r a t e

MgS04 . 7H2 0

Magnesium n i t r a t e  
C alc iu m  n i t r a t e  .

P o t a s s i u m  a c i d  p h o s p h a t e

Ammonium n i t r a t e
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The f o l l o w i n g  c h e m i c a l s  were  C. P .  p r o d u c t s  o f  J .  T. Baker

C h em ica l  Company:

U r e a ,  c r y s t a l s  • • • • • • • • • .  COllTHgJo
Manganous s u l p h a t e  ..............Mn.SO4 . 2 H2 O
B o r i c  a c i d ,  U. S .  P .  X. c r y s t a l s
Sodium b o r a t e  ...........................  NapB^Ow.lOHgO
Z in c  s u l p h a t e  ........................ ..  Zn&O^.YHgO

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

I r o n  t a r t r a t e ,  ( f e r r i c ) ,  M a l l i n e k r o d t  Chem. W orks.  
D e x t r o s e ,  M er k s ,  C. P .
S u c r o s e ,  c r y s t a l s ,  M erks ,  C. P .
S u c r o s e ,  Com m erc ia l  B ran d ,  " C r y s t a l  Domino” .
S u c r o s e ,  Commercia l  B r a n d ,  "Quaker B r a n d ” .

BAMS M D  SOURCE OF FUHUI; -

The f o l l o w i n g  Fusariurn s p .  w ere  o b t a i n e d  from  Dr.  
Freeman W e i s s ,  A s s o c i a t e  P a t h o l o g i s t ,  U. S .  D. A. : -

F u s a r iu m  t r i c o t h e c i o i d e s , s t r a i n  1 4 1  
" e u m a r t i i  ” 528
” su lph urum  ” 244
” oxysporum  " 529
” s o l a n i  ” 658
” r a d i c i c o l a  ” 701

The f o l l o w i n g  s t r a i n s  and s p e c i e s  o f  A s p e r g i l l u s  w e re  
o b t a i n e d  from  D r .  C h a r l e s  Thom, M y c o l o g i s t ,  U. S .  D. A. : -

A s p e r g i l l u s  a l b u s  c a n d i d u s  -  1 1 7  ( I n  t h e  a l b u s  c a n d i d u s  
g ro u p  but n o t  d e f i n i t e l y  named t o  s t r a i n ) .  

A s p e r g i l l u s  n i g e r  - -  111 (From W e s t e r d y k ) .
A s p e r g i l l u s  n i g e r  —  4 2 4 7w (R. A. S t e i n g e r g ’ s  s t r a i n  w)  
A s p e r g i l l u s  f u s c u s  Sch iem ann - -  3 5 3 4 c  (Same a s  A. 

S c h i e m a n n i , S c h . , }Thom.

The s t r a i n  o f  R h iz o p u s  n i g r i c a n s  was i s o l a t e d  fro m  a

c u l t u r e  c o n t a m i n a t i o n  i n  t h e  l a b o r a t o r y .

The A l t e n a r i a  s p .  was i s o l a t e d  from  d i s e a s e d  s t r a w b e r r y

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

The s t r a i n  o f  F u sa r iu m  l y c o p e r s i c i  - -  100  was i s o l a t e d

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

The c o n i d i a l  s t a g e  o f  G - ib b e r e l l a  s a u b i n e t t i i - -  200  was  

i s o l a t e d  fro m  d i s e a s e d  w h eat  grown a t  th e  M ary land  E x p e r im e n t

S t a t i o n *
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PRESENT ATI ON OF RESULTS

A. Growth r e s p o n s e s  t o  tTe s s e n t i a l  e l e m e n t s " .

1 .  GLUCOSE AND SUCROSE REQUIREMENTS.

A g r e a t  v a r i e t y  o f  c a r b o n  s o u r c e s  have  b e e n  u s e d  i n  

c u l t u r i n g  f u n g i , some o f  w h ic h  seem t o  be a l m o s t  o m n iv o r o u s  w h i l e  

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

g e n e r a l l y  u s e d  i n  t h e  num erous n u t r i e n t  s o l u t i o n s  l i s t e d  i n  t h e  

l i t e r a t u r e .  The amount o f  e a c h  c a r b o n  s o u r c e  i n  su c h  s o l u t i o n s  

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

but  i n  t h e  f i n a l  a n a l y s i s  t h e  am ounts  seem t o  h a v e  b een  d e t e r m i n e d  

i n  an e m p i r i c a l  m anner .  The d e v e lo p m e n t  o f  r e p r o d u c t i v e  s t r u c ­

t u r e s ,  a c c o r d i n g  t o  K le b s  ( £ 3 ) ,  Coons ( 1 1 ) ,  and L e o n i a n  ( 2 5 )  a r e  

o f t e n  h i n d e r e d  by v e r y  v i g o r o u s  v e g e t a t i v e  g r o w th  w h ic h  c a n  u s u a l l y  

be c o n t r o l l e d  by t h e  c a r b o n  s u p p l y .  R e y n o l d s  ( 4 0 )  w o r k i n g  w i t h  

a s t r a i n  o f  F u sa r iu m  l i n i  h a s  t e s t e d  a  v a r i e t y  o f  s u g a r s  and  

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

l i m i t s ,  t h e  v e g e t a t i v e  g r o w t h  was a l m o s t  p r o p o r t i o n a l  t o  t h e  

amount o f  s u g a r  p r e s e n t .

As a p r e l i m i n a r y  e x p e r i m e n t  a  s t u d y  was made o f  t h e  

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

i n n o c u l a t i o n  w i t h  two c o n c e n t r a t i o n s  o f  g l u c o s e .  I n  t h e  l i g h t  

i n n o c u l a t i o n s  fro m  5 - 8  s p o r e s  w ere  i n t r o d u c e d  i n t o  e a c h  c u l t u r e  

w h i l e  s e v e r a l  h u n d re d  s p o r e s  were  u s e d  i n  t h e  h e a v y  i n n o c u l a -  

t i o n s .  The dry  w e i g h t  o f  t h e  m ats  and  t h e  pH o f  t h e  c u l t u r e  

l i q u i d s  a t  d i f f e r e n t  t im e  i n t e r v a l s  a r e  g i v e n  i n  T ab le  1 .  Each  

w e i g h t  r e p r e s e n t s  t h e  a v e r a g e  o f  t r i p l i c a t e  c u l t u r e s .  T h ese  

e x t r e m e  d i f f e r e n c e s  i n  t h e  amount o f  in n o c u lu m  d i d  n o t
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m a t e r i a l l y  i n f l u e n c e  t h e  maximum v e g e t a t i v e  g r o w t h .  The medium  

i n  e a c h  c a s e  became a l k a l i n e  d i f f e r i n g  o n l y  i n  t h e  r a t e  o f  

c h a n g e . The g r o w th  c u r v e s  a r e  p r e s e n t e d  i n  F i g u r e  2 .  From t h e s e

T a b le  1 .  The e f f e c t s  o f  a  l i g h t  and a h e a v y  i n n o c u l a t i o n  w i t h  
s p o r e s  o f  F u sa r iu m  l i n i  i n  m ed ia  c o n t a i n i n g  a  h i g h  and a l o w  
c o n c e n t r a t i o n  o f  g l u c o s e .  (D ry  w e i g h t s  and  pH v a l u e s  g i v e n  a r e  
t h e  a v e r a g e s  from  t r i p l i c a t e  c u l t u r e s ) .

M olar c o n c e n t r a t i o n s o f  g l u c o s e  u s e d
M/lQ g l u c o s e M/30 g l u c o s e

I Amount o f  in n o c u lu m u s e d Amount o f in n o c u lu m  u s e d
;Age o f L i g h t H eavy L i g h t Heavy
c u l t u r e s dry pH dry pH dry pH d r y pH
when w t s . o f w t s . o f w t s . ! o f w t s . o f
h a r v e s t e d m g s . f i l . * mgs. f i l . m gs .  ; f i l . m g s . f i l .

4 - d a y s 28 4 . 1 ' 17 4 . 0

6 - d a y s 131 4 . 9

, , 

66 5 . 3

8- d a y s 33 4 . 1
' ' ' 

181 7 . 1 56 4 . 8 S3 7 . 5

1 0 - d a y s 149 5 . 3 183 7 . 6 .86  !. 6 . 9 79 7 . 6

1 3 - d a y s 1 9 3 7 . 6 204
;

8 . 4  5
1

. 82 1 8 . 4 78 8 . 2

1 6 - d a y s 206 8 . 4 184 8 . 6
f

74 [ 8 . 6 70 8 . 4

2 0 - d a y s 189 8 . 6 188 8 . 6 70 j 8 . 6 72 . j 8 . 6

(Mg804 - 2 ,  GaHgP 0^.-2 ,  KHU— 10 )

c u r v e s  i t  i s  e v i d e n t  t h w t  t h e s e  e x tr e m e  d i f f e r e n c e s  i n  i n n o c u l a ­

t i o n  r e s u l t e d  o n l y  i n  d i f f e r e n c e s  o f  th e  g r o w th  r a t e .  T h is  dwf-  

f e r e n c e  i n  t im e  r e q u i r e d  t o  a t t a i n  t h e  maximum g r o w t h  was a b o u t  

f o u r  d a y s .  The d i f f e r e n c e  i n  t h e  nuhi  ,r o f  s p o r e s  t a k e n  on a 

w i r e  l o o p  from a w e l l  sh a k o n  s p o r e  s u s p e n s i o n , s h o u l d  n o t  be s u f ­

f i c i e n t  t o  c a u s e  much v a r i a t i o n  w i t h i n  a s e r i e s  o f  c u l t u r e s .

* pH o f  f i l t r a t e s
S a l t s  u s e d  i n  th e  m e d ia  e x p r e s s e d  i n  grams p e r  l i t e r .
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210

180

150

120

90

60

30

s o l i d ,  l i n e s - h e a v v  i n n o c u l a t i o n s  
d o t t e d  l i n e s - l i g h t  i n n o c u l a t i o n s

M/10
;Tucose

,0-

g l u c o s e

4 6 8 10 13 16
a g e  o f  c u l t u r e s  v.hen h a r v e s t e d -  i n  d a y s

20

F i g .  2 .  Growth c u r v e s  o f  F u sa r iu m  l i n i  on two c o n c e n t r a t i o n s  o f  
g l u c o s e  when l i g h t  and h e a v y  i n n o c u l a t i o n s  w ere  u s e d .

The g r o w th  o f  F u sa r iu m  l i n i  on d i f f e r e n t  m o la r  c o n ­

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

amount o f  a v a i l a b l e  c a r b o n  p r e s e n t .  H ow ever ,  t h e r e  seem s  t o  be  

a s l i g h t l y  more e f f i c i e n t  u t i l i z a t i o n  i n  t h e  l o w e r  c o n c e n t r a t i o n s  

I n  t h e  c u l t u r e  m ed ia  u s e d  f o r  t h i s  e x p e r i m e n t  no z i n c  or  o t h e r  

s t i m u l a n t s  w ere  u s e d .  The maximum dry w e i g h t  was r e a c h e d  when  

t h e  c u l t u r e s  w e re  a b o u t  t h r e e  w eek s  o l d .  The r e s u l t s  a r e  p r e ­

s e n t e d  i n  T a b le  2 .  The w e i g h t  o f  t h e  c u l t u r e s  g r a d u a l l y  r e c e d e s
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from  t h e  maximum p r o b a b l y  due to  a u t o l y t i c  r e a c t i o n s .  S i m i l a r  

l o s s e s  i n  w e i g h t  h a v e  b e e n  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s .  The 

g r o w t h  c u r v e s  o b t a i n e d  bv Mayoue ( 3 0 )  w h e n e v e r  a g o o d  c a r b o n  

s o u r c e  was u s e d ,  r e a c h e d  a  maximum p o i n t  from  w h ic h  t h e r e  was a  

downward t r e n d .  Camp, ( 9 )  u s i n g  Duggar^s  s o l u t i o n  s l i g h t l y  

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

T a b le  2 .  The g r o w t h  o f  F u sa r iu m  l i n i  on d i f f e r e n t  m o la r  c o n ­
c e n t r a t i o n s  o f  g l u c o s e  o v e r  a p e r i o d  o f  f o u r  t o  f i v e  w e e k s .  
(Dry w e i g h t s  o f  t h e  m y c e l iu m  g i v e n  a r e  a v e r a g e  o f  d u p l i c a t e  
c u l t u r e s

M olar  c o n c e n t r a t i o n s  o f g l u c o s e u s e d
M/10 M/15 ]! M/20 j M/30 m/ 6 0

Age o f  
Cul t u r  e

d r y
w t s .

d r y
w t s .

! dry  
w t s  •

j dry  
; w t s .

dry
w t s .

i n  w e ek s m g s . m gs. J m gs . i mgs.

1 1 52 1 2 6 i i 108
!
1 86 31

2 228 j 175 I
i 1 6 1 . .  i .. i i i ! 61

a ..............................f 316 200
1
j 162 ( 98 58

4 295 1 6 3 129 ! 81 46

-  5  1 225 162 }t
(MgS04 - 2 ,  Calig po4 - i , m e 3 - ! ° . 40 c c . / c u l t u r e  i n 125 c c .  f l a s ]

r e s u l t s .  K L o tz ,  ( 2 4 )  a l s o  u s i n g  D u g g a r Ts s o l u t i o n  in  t h e  c u l t u r e  

o f  A s p e r g i l l u s  n i g e r , S p a e r o p s i s  m aloru m , and D i p l o d i a  n a t a l i n  

o b t a i n e d  s i m i l a r  t y p e s  o f  g r o w th  c u r v e s .  S i d e r i s  ( 4 6 )  w o r k in g  

w i t h  F u sa r iu m  c r o m y p h th o r o n  f o u n d  t h a t  a f t e r  t h e  f u n g u s  had a b ­

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

m y c e l iu m  u n d e r g o e s  a u t o l y s i s .

There  i s  l i t t l e ,  i f  a n y ,  i n f o r m a t i o n  r e g a r d i n g  t h e

maximum c o n c e n t r a t i o n  t h a t  any o f  t h e  F u s a r i a  can  t o l e r a t e  w i t h  

r e f e r e n c e  to  any  o f  t h e  common c a r b o n  s o u r c e s .  In  T a b le  3 some
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g r o w t h  r e s p o n s e s  o f  F u sa r iu m  r a d i c i c o l a  t o  d i f f e r e n t  m o la r  

c o n c e n t r a t i o n s  o f  ca n e  s u g a r  a r e  p r e s e n t e d .  Z in c  s u l p h a t e  was  

a d d ed  to  t h e  medium. Some o b s e r v a t i o n s  w ere  t a k e n  r e g a r d i n g  

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

c o n t a i n i n g  d i f f e r e n t  am ounts  o f  s u g a r .  T h ese  o b s e r v a t i o n s  showed  

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

c e n t r a t i o n ,  and  i n  t h e  1 .5M  c u l t u r e s  no s p o r e s  w ere  f o u n d .  The 

abu nd ance  and p r e p o n d e r a n c e  o f  m i c r o s p o r e s  o v e r  m a c r o s p o r e s  

i n c r e a s e d  from  t h e  M/85 t o  1M c u l t u r e s .  The m y c e l iu m  a p p e a r e d

T a b le  3 .  Some g r o w t h  r e s p o n s e s  o f  F u sa r iu m  r a d i c i c o l a  t o  d i f ­
f e r e n t  m o la r  c o n c e n t r a t i o n s  o f  cane  s u g a r .

Age o f  h a r v e s t e d  c u l t u r e s  
A.3 - days' j ~ ~ ^O-days

Cane s u g a r  a s  j 
m o l a r  c o n c e n tr a - j  
t i o n s  and a s  ] 
grams p e r

03 i 03 |

P i  - P CO ! - P 1 O j
O  1 1 02 CD 1 o  C l 0,>

p 1 +.?
n 1

.|.S P 4-3 j erf
s i  <x:‘ u i ?-4 jUji

$ 0  ;!;■ u j j O . p ! t O  a ; ! O  -i "
i H j i j—t

X f -t ■S i n • r - i } j p  ?-* i H
r  :  fp S-1 L £ T 3 i-r-4 ‘ ' ̂  ‘m—4

G> 03U O CDP L ! "P■4* P« ff-j r-i p4 ri
P  - PO np r :P ^  
~j /

r—f - -
H i> cd «hm > i 4-'*

o o ,
i - i  * P  f~*-
P  55 01
ip - p  fcjj n-;\
J!.* , "* ' rpti'f 02 (D
?'J Q P!

O P &i, o id *h

M /  342  
0 . 1 0 0  g m s . /  C

i ; 
]
j 0 . 0 5 2  

| 0 . 1 7 6

6 . 0

—i----------------
: 0 . 0 4 0  
i 0 . 0 4 1

j 6 . 0  
6 . 0

0 * 05 2  ; 
6 . 0  | 5 2 . 0 /  |

i— I T . /  W .... . . .
i0 . 4 0 0  g m s . /  C 6 . 6

0 . 1 3 3  ' 
! 0 . 1 4 0

i 6 . 8  
; 6 . 8

0 . 1 7 6  !
6 . 6 44.0% |

! IT /  16
j 2 . 200  g m s . /  0 | 0 . 8 3 3 7 . 6

\ 0 . 7 8 3  
1 0 . 7 8 9

i 8 . 0  
8 . 0

0 . 8 3 3  i 
7 . 6  i 3 8 . 0 $  !

I LI /  8 
| 4 . 3 0 0  g m s . /  G | 1 . 6 4 0 7 . 4

: 1 . 4 8 4  
, 1 . 4 4 4

: 8 . 0  
! 8 . 0

1 . 6 4 0  ! 
7 . 4  . j

j
3 8 . 2 $  |

{ M /  4 
( 8 .6 0 0  g m s . /  C

7  1,11"
! 1 . 8 1 3  i 6 . 4

1 2 . 1 0 2  
: 2 . 0 6 5

6 . 4
j 6 . 4

2 . 1 0 2  j
6 . 4

t

2 4 . 4 $
1 Ivl /  2 
117 .1 0 0  g m s . /  C

T ' ■’ '* *■.... t-* i
i

! 1 . 9 3 2  1 6 . 2
2 . 6 4 3  

: 2 . 5 6 6
[ 5 . 8  
j 5 . 8

2 . 6 4 3
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norm al  i n  a l l  b u t  t h e  1 .5M  c o n c e n t r a t i o n s  where th e  c e l l s  yrere 

s h o r t  and l a r g e  u s u a l l y  i r r e g u l a r  i n  o u t l i n e .  The f i l t r a t e s  

w e re  c l e a r  i n  t h e  M /3 4 2 ,  M /8 5 ,  and 1.51*1 c u l t u r e s  w h i l e  t h e  o t h e r s  

c o n t a i n e d  a y e l l o w i s h - b r o w n  c o l o r a t i o n  w h ic h  i n c r e a s e d  s l i g h t l y  

w i t h  t h e  c u l t u r e  a g e .

The s e q u e n c e  and m a g n i tu d e  o f  t h e  r e s p o n s e s  o f  

F u sa r iu m  r a d i c i c o l a  t o  t h e  d i f f e r e n t  m o la r  c o n c e n t r a t i o n s  o f  

s u c r o s e  a r e  i l l u s t r a t e d  i n  F i g u r e  3 .  The maximum c u l t u r e  y i e l d  

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

t h e  c o n c e n t r a t i o n  up to  t h e  M/2 s e r i e s .  The Ivl/l c o n c e n t r a t  i o n  

was somewhat l e s s  f a v o r a b l e  t h a n  t h e  M/2 a s  a p p a r e n t l y  t o o  h i g h  

an o s m o t i c  p r e s s u r e  e x i s t e d .  D e c i d e d  t o x i c i t y  a r i s e s  i n  t h e  

1.511 s e r i e s  ( s e e  c u r v e  A ) .  The e f f i c i e n c y  c u r v e  B v a r i e s  

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

T h ese  p e r c e n t a g e s  w ere  o b t a i n e d  b y  d i v i d i n g  t h e  grams o f  s u g a r  i n  

t h e  c u l t u r e  by  t h e  maximum d ry  w e i g h t  o b t a i n e d  i n  t h a t  s e r i e s .  

T h ere  a r e  s e v e r a l  a p p a r e n t  r e a s o n s  why t h i s  e f f i c i e n c y  d e c r e a s e s  

w i t h  an i n c r e a s e  i n  s u g a r  c o n c e n t r a t i o n .  The s u r f a c e  a r e a  

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

h i g h  c o n c e n t r a t i o n s  o f  s a l t s  w e r e  u s e d  t h e r e  m ig h t  h a v e  b e e n  

more g r o w t h  i f  s t i l l  l a r g e r  am ounts  had  b e e n  e m p lo y e d  w i t h  th e  

h i g h  c o n c e n t r a t i o n s  o f  s u g a r .  T h i s  h y p o t h e s i s  draws some s u p p o r t  

fro m  t h e  e x p e r i m e n t s  d e a l i n g  w i t h  v a r i a t i o n s  i n  t h e  amounts  o f  

m agnesium  s u l p h a t e  s u p p l i e d .

The pH c h a n g e s  i n  t h e  p r e s e n c e  o f  d i f f e r e n t  am ounts  o f  

s u g a r  a r e  i n t e r e s t i n g .  I t  must  be b o r n e  i n  mind t h a t  more  

h a r v e s t  d a t e s  and a l i t t l e  l o n g e r  d u r a t i o n  o f  t h e  e x p e r i n e n t W o u l d
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F i g .  3 .  R e s p o n s e s  o f  F u sa r iu m  r a d i c i c o l a  t o  d i f f e r e n t  m o la r  
c o n c e n t r a t i o n s  o f  s u c r o s e .  (The o r i g i n a l  pH o f  e a c h  s e r i e s  was  
4 . 6 ) .

h a v e  g i v e n  a  more c o m p l e t e  r e c o r d  o f  t h e  r a t e  and e x t e n t  o f  t h e s e  

c h a n g e s .  The a c t i v e  a c i d i t y  o f  t h e  m ed ia  was n o t  i n c r e a s e d  b ey on d  

t h e  o r i g i n a l  c o n d i t i o n .  In  g e n e r a l  t h e r e  was a t e n d e n c y  t o  

d e c r e a s e  t h e  pH o f  t h e  medium. When t h e  e x h a u s t i o n  o f  t h e  s u g a r  

s u p p l y  was  a l i m i t i n g  f a c t o r  to  i n c r e a s e d  g r o w t h ,  t h e  r e d u c t i o n  o f  

t h e  a c t i v e  a c i d i t y  was c l o s e l y  c o r r e l a t e d  w i t h  t h e  amount o f  dry  

w e i g h t  p r o d u c e d .  I t  i s  a s su m ed  t h a t  u n e q u a l  i o n i c  a b s o r p t i o n  and  

a u t o l y t i c  p r o c e s s e s  t e n d  t o  b r i n g  a b o u t  an a l k a l i n e  c o n d i t i o n .

When 8*6 grams o r  more o f  c a n e  s u g a r  was  s u p p l i e d  i n  e a c h  c u l t u r e  

t h e  a l k a l i n e  t r e n u  o f  t h e  m ed ia  was d e p r e s s e d ,  i n  d i r e c t  p r o p o r ­

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

t i o n a l  t o  t h e  amount o f  v e g e t a t i v e  g r o w t h .  The o d o r  o f  t h e  f i l ­

t r a t e s  from  t h o s e  c u l t u r e s  c o n t a i n i n g  8 . 6  grams or  more o f  s u c r o s e

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

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

l e s s  th a n  8 . 6  grams o f  s u c r o s e .  Q u i t e  s imi3_ar r e s u l t s  were

o b t a i n e d  by H e r r i c k  and May ( 1 7 )  w h ic h  show t h a t  t h e  c o n d i t i o n

w h ic h  m ost  f a v o r s  t h e  p r o d u c t i o n  o f  g l u c o n i c  a c i d  i s  an e x c e s s

o f  g l u c o s e  o v e r  t h e  s a l t s  a v a i l a b l e  &o t h a t  v e g e t a t i v e  g r o w t h

i s  n o t  a t  t h e  maximum. I t  i s  n o t  t o  be assu m ed  t h a t  t h e  same

c o n c e n t r a t i o n  and p r o p o r t i o n s  o f  t h e  n u t r i e n t  c o m p o n e n ts  w i l l

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

2 .  NITROGEN RELATIONS.

The k i n d  and amount o f  t h e  n i t r o g e n  s o u r c e  u s e d  i n  a  

n u t r i e n t  s o l u t i o n  w i l l  d ep en d  upon t h e  p u r p o s e  o f  t h e  i n v e s t i ­

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

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

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

C om p arison  o f  n i t r o g e n  compounds b a s e d  on t h e  number o f  grams  

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

n i t r o g e n  i s  n o t  c o n s t a t e .  S u b s t a n c e s  w h ic h  may be s u p p l i e d  i n  

am ounts  e q u i v a l e n t  on t h e  b a s i s  o f  t o t a l  n i t r o g e n  may l e a d  t o  

e r r o n o u s  c o n c l u s i o n s  o f  z i n c  w h ic h  may c a u s e  marked g r o w th  

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

m a t e r i a l s  c e r t a i n l y  w i l l  be i m p o r t a n t J h c t o r s  i n  d e t e r m i n i n g  t h e  

g r o w t h  r e s p o n s e  t o  an y  v a r i a t i o n  made i n  t h e  n i t r o g e n  s o u r c e .  

There  h a v e  b e e n  no s u c h  t h o r o u g h  e x p e r i m e n t s  w i t h  f u n g i  a s  w i t h  

t h e  h i g h e r  p l a n t s .  No one  h a s  c a r e f u l l y  u s e d  t h e  " t r i a n g l e  

s y s t e m s "  o f  S h i v e  or  T o t t i n g h a m ,  n o r  h a s  t h e r e  been  c a r e f u l  com-
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p a r  i s o n s  made o f  t h e  r e l a t i v e  n u t r i t i v e  v a l u e s  o f  t h e  c a t i o n s  

o r  a n i o n s  a s  made by J o h n s t o n  (1 9  & SO) i n  h i s  s t u d i e s  w i t h  t h e  

p o t a t o *

S e v e r a l  e x p e r i m e n t s  h a v e  b e e n  r e p o r t e d  i n  w h ic h  v a r i a ­

t i o n s  w ere  made i n  t h e  c o n c e n t r a t i o n  o f  t h e  n i t r o g e n  s o u r c e  

w h i l e  t h e  o t h e r  co m p o n e n ts  w ere  k e p t  c o n s t a n t .  P r a t t  ( 5 8 )  u s e d  

R i c h a r d ’ s s o l u t i o n  m o d i f i e d  t o  o m it  t h e  ammonium n i t r a t e  i n  c u l ­

t u r i n g  a F u sa r iu m  s p .  The amount o f  p o t a s s i u m  n i t r a t e  was v a r i e d  

w i t h  t h e  f o l l o w i n g  r e s u l t s :

G m s .K N O ^ / l i t e r  10  gm s.  5 gm s.  2 . 5  gm s.  1 . 2 5  gm s.
Max. g r o w th  0 . 3 0 5  " 0 . 2 4 1  fr 0 . 2  79 n 0 . 2 2 5  n

S t e i n b e r g  ( 4 4 )  u s i n g  a s t r a i n  o f  A s p e r g i l l u s  n i g e r  v a r i e d  t h e  

c o n c e n t r a t i o n  o f  t h e  ammonium n i t r a t e  i n  P f e f f e r ’ s s o l u t i o n  w i t h  

t h e s e  r e s u l t s :

Grams X O h N O ^ / l i t e r  25 gm s.  15 gm s.  0 . 1  gms.  0 . 0 1  gm s.
a v e r a g e  y i e l d  0 . 5 7 6  !t 0 . 3 5 9  tf 0 . 0 6 1  IT 0 . 0 2 9  ,f

I n  my c u l t u r e  s t u d i e s  w i t h  F .  l i n i  a s e r i e s  o f  e x p e r i ­

m en ts  were  c a r r i e d  o u t  w h ic h  i n v o l v e d  d i f f e r e n t  c o n c e n t r a t i o n s  o f  

p o t a s s i u m  and sod ium  n i t r a t e s .  The maximum y i e l d s  a r e  g i v e n  i n  

T a b le  4 .

T a b le  4 .  The i n f l u e n c e  o f  v a r i a t i o n s  i n  t h e  n i t r o g e n  s o u r c e s  on  
t h e  dry  w e i g h t  o f  t h e  m y c e l iu m  p r o d u c e d  by F u sa r iu m  l i n i .

N i t r o g e n  S o u r c e s  1
p o t a s s i u m  n i t r a t e sod ium  n i t r a t e  j

g r a m s / l i t e r y i e l d g r a m s / l i t e r y i e l d  \

21 0 . 6 1 4  gm s. 21 0 . 5 1 6  g m s .  j
13 0 * 6 3 2  n 18 0 . 4 7 2  " 1
12 0 . 6 1 0  " i6 0 . 5 9 5  " 6 0 . 4 6 5  ”

3 0 . 5 7 0  Tr 3 0 . 4 6 4  rT
0 . 5 0 . 3 3 4  » 0 . 5 0 . 2 5 7  TT |

(LIgS0 4 - 2 , CaHgPOq-l.  g l u c o s e ,  Li/1 0 )  n o t e :  grams o f  sod ium  n i t r a t e  
means the  amount u s e d  was e q u i v a l e n t  t o  grains o f  on t h e  b a s i s
o f  t o t a l  n i t r o g e n .  °
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From t h e s e  r e s u l t s  i t  i s  e v i d e n t  u n d e r  t h e  c o n d i t i o n s  o f  t h e  

e x p e r i m e n t  t h a t  o n l y  m in u te  i n c r e a s e s  i n  g r o w t h  w ere  o b t a i n e d  

by a d d i n g  more th a n  3 . 0  grams p e r  l i t e r .

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

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

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

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

t i t r a t a b l e  and a c t i v e  a c i d i t y .  P a l l a d i a  ( 3 6 )  a t  an e a r l y  d a te  

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

a l k a l i n e  c o n d i t i o n  i n  t h e  n u t r i e n t  medium when t h e  n i t r o g e n  s a l t s  

o f  su ch  a l k a l i n e  m e t a l s  a s  so d iu m ,  p o t a s s i u m ,  o r  c a l c i u m  were  

e m p lo y e d .  A r r h e n i u s  ( £ )  s t u d i e d  th e  a d s o r p t i o n  o f  n u t r i e n t s  by  

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

f o u n d  t h a t  t h e  p r e s e n c e  o f  P a l l a d i n s  " a l k a l i n e  n i t r o g e n ” s a l t s  

f a v o r e d  th e  p r o d u c t i o n  o f  an a l k a l i n e  c o n d i t i o n  w h i l e  t h e  p r e s e n c e  

o f  ammonium s a l t s  r e s u l t e d  i n  an a c i d  c o n d i t i o n .  As an e x p l a n a ­

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

r e s p o n s i b l e  f o r  t h e s e  a c i d i t y  c h a n g e s .  K l o t z  ( 2 4 )  w o r k i n g  w i t h  

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

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

a l k a l i n e  o r  a c i d  c o n d i t i o n s  i n  t h e  c u l t u r e  medium. He s u g g e s t s  

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

n i t r a t e  i o n  i s  a b s o r b e d  f a s t e r  and i n  g r e a t e r  am ounts  t h a n  t h e  

p o t a s s i u m  i o n .  T h is  i o n  c o m b in e s  w i t h  t h e  c a r b o n - d i o x i d e  r e s u l t ­

i n g  i n  t h e  f o r m a t i o n  o f  a l k a l i n e  b i c a r b o n a t e s .  When e i t h e r  

ammonium n i t r a t e  o r  ammonium s u l p h a t e  a r e  p r e s e n t  i n  t h e  medium 

an a c i d  c o n d i t i o n  p r e v a i l s  s i n c e  t h e  ammonium i o n  (HHg) i s  more  

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

l i q u i d  medium.
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The f o r m a t i o n  o f  o r g a n i c  a c i d s  by c e r t a i n  f u n g i  w i l l  

c a u s e  t h e  medium t o  becom e,  o f t e n ,  v e r y  a c i d  r e g a r d l e s s  o f  t h e  

n i t r o g e n  s o u r c e .  Many i n v e s t i g a t o r s  h a v e  s t u d i e d  t h e  f o r m a t i o n  

o f  p i g m e n t s  i n  th e  c u l t u r e  medium by f u n g i  and i n  g e n e r a l  t h e  

a s s u m p t i o n  i s  t h a t  a c i d  and a l k a l i n e  c o n d i t i o n s  a r e  im p o r t a n t  

f a c t o r s .

Two e x p e r i m e n t s  w e r e  d e s i g n e d  t o  s t u d y  t h e  pH c h a n g e s  

b r o u g h t  a b o u t  by F u sa r iu m  r a d i c i c o l a  w i t h  c u l t u r e  m ed ia  c o n t a i n ­

i n g  d i f f e r e n t  n i t r o g e n  s o u r c e s  when u s e d  s i n g l y  and i n  c o m b in a ­

t i o n .  I t  seem ed  l o g i c a l  t o  assume t h a t  i f  one n i t r o g e n  s o u r c e  

l e d  t o  a n  a l k a l i n e  c o n d i t i o n  a n d  a n o t h e r  t o  a n  a c i d  c o n d i t i o n ,  

t h a t  on m i x i n g  t h e  two s o u r c e s  some n e u t r a l i z a t i o n  w o u ld  o c c u r ,  

and p r e v e n t  e x tr e m e  c h a n g e s  i n  t h e  pH o f  t h e  medium. In  t h e  

f i r s t  e x p e r i m e n t  e l e v e n  c o m b i n a t i o n s  o f  p o t a s s i u m  n i t r a t e  and  

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

p r o p o r t i o n s  were  u s e d  s o  t h a t  a t  one end  o f  t h e  s e r i e s  t h e r e  was  

a p r e d o m in a n c e  o f  p o t a s s i u m  n i t r a t e  and a t  t h e  o t h e r  end  ammonium 

n i t r a t e  p r e d o m i n a t e d .  T h is  s e r i e s  i s  d e s c r i b e d  i n  T a b le  5 .  The 

u s e  o f  f i v e  grams p e r  l i t e r  a s  a  s t a n d a r d  was an a r b i t r a r y  

c h o i c e .  The pH v a l u e s  g i v e n  i n  t h e  f o l l o w i n g  t a b l e  ( T a b l e  b . )  

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

c u l t u r e s .  T w elve  t e s t  t u b e  c u l t u r e s  were  s e t  up f o r  e a c h  o f  

t h e  e l e v e n  c o m b i n a t i o n s  m aking a t o t a l  o f  1 8 2  i n d i v i d u a l  c u l t u r e s .  

pH m e a s u r e m e n ts  w ere  made a t  f o u r  d i f f e r e n t  'Dimes e x t e n d i n g  o v e r  

a p e r i o d  o f  1 2  d a y s .  At t h e  8 and 12  day p e r i o d s  dry  w e i g h t  

d e t e r m i n a t i o n s  w ere  made so  a s  t o  g e t  a q u a n i t a t i v e  m easurem ent  

o f  th e  g r o w t h  r e s p o n s e .  The w e i g h t s  g i v e n  a r e  t h e  v a l u e s  o b t a i n ­

e d  by w e i g h i n g  t o g e t h e r  t h e  f u n g o u s  m ats  from  t h r e e  c u l t u r e s

and  d i v i d i n g  by 3 . 0  ( i n  m i l l i g r a m s ) .
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T ab le  5 .  The e f f e c t s  o f  t h e  n i t r o g e n  s o u r c e s ,  u s e d  s i n g l y  o r  i n  
c o m b i n a t i o n s  o f  d i f f e r e n t  p r o p o r t i o n s ,  on t h e  pH c h a n g e s  b r o u g h t  
a b o u t  i n  t h e  c u l t u r e  m e d ia  and t h e  w e i g h t  o f  t h e  m y ce l iu m  p r o d u c e d  
by F a s a r iu m  r a d i c i c o l a .

P a r t  I  pH c h a n g e s

Amount and pro p o r t i o n  o f each s a l t f o r e a c h s e r i e s
s e r i e s
number 1 2 3 4 5 I 6 ! 7

1
1 8 ! .f  ■ 10 11  i

G-raxas o f
m W  1 5 . 0 4 . 5 4 . 0 3 . 5 3 . 0  |

l
2 . 5 1 2 . 0 1 1 . 5 11 . 0 0 . 5 0 . 0

grams o f  
HH4 HO3 / L

-.j
0 . 0 0 . 5 1 . 0 1 . 5 2 . 0  j 2 . 5 ! 3 . 0

!
i 3 . 5

]
4 . 0 4 . 5 5 . 0

I g e p h pH^ pH pH | pH ! pH L  pH j pH pH .. PH
S t a r t 4 . 6 4 . 6 4 . 6 4 . 6 4 . 6  ; 4 . 6  \ 4 . 6 j 4 . 6 ! 4 . 6 4 . 6 4 . 6

2 - d a y s 5 . 2 4 . 6 4 . 6  1 4 . 1 4 . 0  1 4 . 0  f 4 . 0 I 4 . 0 | 3 . 9 3 . 8 3 . 8
5 - d a y s 6*6 6 . 4 6 . 1 3 . 9 3 . 4  ! 3 . 2  1 3 . 0 ! 2 . 6 ! 2 . 6 2 . 4 2 . 4
8 - d a y s 8 . 4 8 . 2 7 . 4 6 . 6 3 . 8  '■3 . 6  j 3 . 4 1 3 . 0 1 2 . 8 2 . 6 2 . 4

12 d ays 18*6 1 8 . 2 7 . 6 7 . 2 4 . 6 _ i 4 . 0 1 3 . 4 i 3*P ‘ 2 . 6 2 . 4 2 . 4

P a r t  I I  Weig ht o f  d r i e d  m y c e l i a l  m ats
s e r i e s
number x 2 3

1
4 j 5 6 7 I 8 9 10 11

1 dry dry d ry [ d r y  j dry r"cLry d ry  | dry dry dry dry
Age o f I w t s . w t s . w t s . w t s . j w t s . w t s  . w t s . j w t s . w t s . w t s . wt s .
c u l t u r e I m g s . m g s^ mgs. mgs.j mgs. m gs . | m g s . m gs. mgs. m gs.

8 - d a y s 1 56 63 62 62 ! 50 46 46 | — 37 33 h 28
1 2 - d a y s 1 77 91 92 100  1 74 71 73 j _  46 39 37 38

(MgSO^-k, KH2PG4 - I , s u c r o s e ,  Cry.  Horn.- 4 0 ,  z i n c  s u l p h a t e  - 0 . 0 5 0 }  
( A l l  c u l t u r e s  i n  t e s t  m b e s  c o n t a i n i n g  a b o u t  8 c c .  o f  s o l u t i o n )  
( A l l  dry w t s .  and pH v a l u e s  a r e  t h e  a v e r a g e  o f  3 c u l t u r e s )

The a p p e a r a n c e  o f  t h e  mats  and t h e  l i q u i d  m ed ia  i n  t h i s  

c u l t u r e  s e r i e s  was i n t e r e s t i n g  due t o  t h e  r a n g e  in  p ig m e n t  fo r m a ­

t i o n .  In  s e r i e s  1 ( p o t a s s i u m  n i t r a t e  o n l y )  t h e r e  was n e i t h e r  r e d  

n o r  b l u e  p i g m e n t s  b u t  t h e r e  was a y e l l o w i s h - g r e e n  c o l o r  i n  th e  

l i q u i d .  B lu e  p ig m e n t  was fo rm ed  i n  s m a l l  am ounts  i n  s e r i e s  2 ,

3 ,  and 4 .  In  s e r i e s  5 f i r s t  t h e r e  was a r e d  p ig m e n t  but  a s  t h e  

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

s e r i e s  5 t o  11  t h e r e  was a deep  p i n k  t o  reel p ig m e n t  fo rm ed  i n  

th e  m y ce l iu m  w h ic h  soon  d i f f u s e d  o u t  i n t o  t h e  u n d e r l y i n g  l i q u i d .
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The p r e s e n c e  o f  t h i s  p ig m e n t  r e l a t e s  d i r e c t l y  t o  t h e  a c i d i t y  o f  

t h e  medium. B lu e  b e i n g  f a v o r e d  i n  t h e  a l k a l i n e  c u l t u r e s  a n d  r e d  

i n  t h e  a c i d  c u l t u r e s ,  T h i s  p ig m e n t  c o u l d  he c h a n g e d  from  r e d  t o  

b l u e  by t h e  a d d i t i o n  o f  a f e w  d ro p s  o f  a UaOH s o l u t i o n .

D i f f e r e n c e s  i n  t h e  v e g e t a t i v e  g r o w th  w ere  c o n s p i c i o u s .

I n  s e r i e s  1 to  4 t h e  m a ts  w ere  m o s t l y  w h i t e  h a v i n g  a l u x u r i a n t  

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

n i n g  w i t h  s e r i e s  5 t h e r e  was a g r a d u a l  d e c r e a s e  i n  t h e  t o t a l  g r o w th  

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

c r i n k l e d  g r o w t h .  The d ry  w e i g h t s  show t h a t  t h e  a c i d  m ed ia  were  

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

w h ere  an a l k a l i n e  c o n d i t i o n  was r e a c h e d  v e g e t a t i v e  g r o w th  was  

b e s t .  J u d g in g  fro m  t h e  w e i g h t s  o b t a i n e d  when t h e  c u l t u r e s  w ere  

1£  d a y s  o l d  i t  seem s e v i d e n t  t h a t  t h e  b e s t  g r o w t h  was p o s s i b l e  

i n  a  p a r t i a l l y  b u f f e r e d  medium a s  i n  s e r i e s  4 where  n e i t h e r  an  

e x tr e m e  a l k a l i n e  o r  a c i d  c o n d i t i o n  p r e v a i l e d .

The r a t e  and e x t e n t  o f  th e  pH c h a n g e s  i n  t h e  d i f f e r e n t  

s e r i e s  a r e  shown i n  F i g u r e  4 .  From t h e s e  c u r v e s  i t  i s  e v i d e n t  

t h a t  t h e  m ed ia  i n  w h ic h  t h e r e  was a p r e p o n d e r a n c e  o f  p o t a s s i u m  

n i t r a t e  became a l k a l i n e  and t h i s  c o n d i t i o n  i n c r e a s e d  w i t h  t i m e .

The a c i d i t y  show s a c l o s e  c o r r e l a t i o n  w i t h  t h e  ammonium n i t r a t e  

c o n t e n t .  On t h e  b a s i s  o f  gram w e i g h t s ,  ammonium n i t r a t e  p r o d u c e s  

an a c i d  c o n d i t i o n  w h ic h  s i m i l a r  am oun ts  o f  p o t a s s i u m  n i t r a t e  

c a n n o t  n e u t r a l i z e .  T h i s  r e l a t i o n s h i p  i s  l e s s e n e d  a s  g r o w th  

i n c r e a s e s  and a s  t h e  c u l t u r e s  a g e .  The pH o f  f i v e  o f  t h e  s e r i e s  

o f  c o m b i n a t i o n s  i s  p l o t t e d  a g a i n s t  t im e  i n  F i g u r e  5 .  In  s e r i e s  

4 t h e r e  i s  a s l i g h t  i n c r e a s e  i n  t h e  a c t i v e  a c i d i t y  f o r  t h e  f i r s t
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F ig *  4* The r a t e  and e x t e n t  o f  t h e  pH c h a n g e  c a u s e d  by  F u sa r iu m  
r a d i c i c o l a  i n  m e d ia  c o n t a i n i n g  p o t a s s i u m  n i t r a t e  and ammonium 
n i t r a t e  when u s e d  a l o n e  and when u s e d  t o g e t h e r  i n  d i f f e r e n t  
p o r p o r t i o n s .  ( S e e  T a b le  5 ) .

f i v e  d a y s  a f t e r  w h ic h  t h e  pH s h i f t s  t o w a r d s  a l k a l i n i t y .  A 

s i m i l a r  c o u r s e  i s  f o l l o w e d  i n  s e r i e s  5 b u t  d o e s  n o t  r e a c h  t h e  

same f i n a l  pH. I f  t h e  f u n g u s  showed a p r e f e r e n c e  f o r  t h e  

n i t r a t e  i o n  r a t h e r  t h a n  t h e  ammonium i o n  t h e  a b ov e  r e s u l t s  w o u ld  

be d i f f i c u l t  t o  e x p l a i n .  When ammonium n i t r a t e  i s  u s e d  a l o n e  t h e  

(HHg) ana(L\T0 g )  i o n s  s h o u l d  be p r e s e n t  i n  e q u a l  nu m b ers .  In  

s e r i e s  5 w h ere  t h e r e  i s  2 . 5  grams o f  e a c h  n i t r o g e n  s a l t  p r e s e n t ,  

t h e r e  a r e  a l m o s t  two i o n 3  o f  n i t r a t e  o t  one  ammonium i o n  y e t  

t h e  f u n g u s  d o e s  n o t  p r o d u c e  an a l k a l i n e  c o n d i t i o n  w h ic h  c e r t a i n l y  

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



pH
 

of 
m

ed
ia

- 2 2 -

11
2 . 0

c u l t u r e  a g e  -  i n  d a y s

P i g ,  5 .  The i n f l u e n c e  o f  c u l t u r e  age  on t h e  pH c h a n g e s  b r o u g h t  
a b o u t  by F .  r a d i c i c o l a  i n  m e d ia  c o n t a i n i n g  p o t a s s i u m  n i t r a t e  
and ammonium n i t r a t e  when u s e d  a l o n e  or  t o g e t h e r  i n  d i f f e r e n t  
p r o p o r t i o n s ,

t r e n d  t o w a r d s  a l k a l i n i t y  a s  i n  s e r i e s  4 seem s l o g i c a l  i f  i t  i s  

a ssu m e d  t h a t  a s  s o o n  a s  t h e  s u p p l y  o f  ammonia h a s  b e e n  e x h a u s t e d  

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

In  a s i m i l a r  manner ammonium n i t r a t e  was u s e d  i n  a 

s e r i e s  o f  c o m b i n a t i o n s  w i t h  sod iu m  n i t r a t e ,  c a l c i u m  n i t r a t e ,  

and  m agnesium  n i t r a t e .  The t h r e e  n i t r a t e  s a l t s  s eem ed  e q u a l l y  

a v a i l a b l e  t o  t h e  f u n g u s .  T hese  s a l t s  p o s s i b l y  w ere  n o t  a s  g o o d  

a s o u r c e  o f  n i t r o g e n  a s  i s  p o t a s s i u m  n i t r a t e .  The j u s t i f i c a t i o n  

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

c e n t r a t i o n  was d e v e l o p e d  i n  s e r i e s  3 and 5 t h a n  o c c u r r e d  i n  t h e  

same s e r i e s  when p o t a s s i u m  n i t r a t e  was p r e s e n t .  'The d e v e l o p ­

ment o f  t h e  r e d  p ig m e n t  and p o o r  v e g e t a t i v e  g r o w th  w ere  i d e n t i c a l  

w i t h  t h e  r e s u l t s  o b t a i n e d  when p o t a s s i u m  n i r . r a t e  was u s e d .
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T a b le  6 .  The e f f e c t s  o f  t h e  n i t r o g e n  s o u r c e s ,  u s e d  s i n g l y  o r  i n  
c o m b i n a t i o n s  o f  d i f f e r e n t  p r o p o r t i o n s  on t h e  pH c h a n g e s  b r o u g h t  
a b o u t  i n  t h e  c u l t u r e  medium by  F u sa r iu m  r a d i c i c o l a .

_ Age o f  c u l t u r e s  when h a r v e s t e d  -  days
1H i t r o g e n s e r i e s 0 I 4 6 8 10 1 1 . . . . . .

s o u r c e s number v i T | PH pH .. S K ....... .... P.H ... . I. J H

Sodium
n i t r a t e 4 . 6

I
6 . 6 6 . 6 7*0 7 . 2 7 . 4

;
i

and 3 r 4 . 6 T “2T4~“ 2 . 4 4 . 4 6 . 4 r  6 . 4 i
Ammonium 5  1 4 . 6 2 . 2  } 2 . 2 2 . 2 2 . 4 ! 2 . 4 i
n i t r a t e 7 4 76 I 670 6 . 2 6 . 3 6 . 4 j 6 . 4 i
U a l c iu m
n i t r a t e 1 4 . 6 ' 6 . 0 6 . 2 6 . 3 6 . 4

j
j 6 . 4

and 7 ^ 4 . 6 * ^ : 2 . 8 T . T S'. 6 '^ 6 . 0 6 . 2
Ammonium 5 4 . 6 * 2 . 6 2 . 2 2 . 0 2 . 0 2 . 2
n i t r a t e 7 4 . 6 3 . 2 X . 2 2 . 0 2 . 0 2 . 2
H agnes  ium 
n i t r a t e 1 4 . 6 6 . 4 6 . 8 7 . 0 7 . 1 : 7 . 2

and 3 4 . 6 ; 2 . 8 4 . 4 5 . 8 6 . 2 6 . 4
Ammonium 6 4 . 6 • 2 . 6 2 . 2 2 . 4 2 . 4 2 . 6
n i t r a t e 7 4 . 6 : 2 . 4 ' 2 . 2 7 . 4 2 . 4  “1 2 . 6
{idgSO^-2, KHgPG^-l, s u c r o s e ,  0 r y .  Dom.-4Q z i n c  s u l p h a t e  0 . 0 5 0 )  
( A l l  c u l t u r e s  i n  t e s t  t u b e s  c o n t a i n i n g  a b o u t  8 c c .  o f  s o l u t i o n ) .  
( S e r i e s  numbers i n d i c a t e  t h e  same p r o p o r t i o n s  and t o t a l  am ounts  
a s  i n  T a b le  5 ) .
(Amounts o f  e a c h  s a l t  u s e d  a s  e q u i v a l e n t  t o  5 gm s.  o f  t h e  a n h y d r ­

ou s  form :  m agnesium  n i t r a t e  -  8 . 4 7  g m s . ,  c a l c i u m  n i t r a t e  -  
7 . 1 4  g m s . ,  ammomium n i t r a t e  and so d iu m  n i t r a t e  -  5 gm s.  e a c h ) .

Under t h e  c o n d i t i o n s  o f  t h e s e  e x p e r i m e n t s  and w i t h  t h e  o r g a n i s m

u s e d  i t  i s  e v i d e n t  t h a t  ammonium n i t r a t e  i s  u n d e s i r a b l e  a s  a

n i t r o g e n  s o u r c e  s i n c e  t h e  g r o w t h  o f  t h e  o r g a n i s m  b r i n g s  a b o u t

an u n f a v o r a b l e  acfcid c o n d i t i o n .  U n eq u a l  i o n i c  a b s o r p t i o n  o f f e r s

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

d e v e l o p e d  may be due t o  t h e  s e c r e t i o n  o f  o r g a n i c  a c i d s ,  h o w e v e r ,  
t h i s  h a s  n o t  b e e n  c a r e f u l l y  s t u d i e d .
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3 .  MAGE S  I  UK SULPHATE RELATIONS.

Two e x p e r i m e n t s  w e re  c o n d u c t e d  t o  s t u d y  t h e  i n f l u e n c e  o f  

v a r i a t i o n s  i n  t h e  amount o f  m agnesium  s u l p h a t e  s u p p l i e d  on t h e  

g r o w t h  r e s p o n s e s  o f  F .  r a d i c i c o l a . S t e i n b e r g  (4 7  ) f o u n d  t h a t  h i s  

s t r a i n  o f  A s p e r g i l l u s  n i g e r  show ed an i n c r e a s e  i n  g r o w th  o v e r  a 

g r e a t  r a n g e  i n  t h e  amounts o f  m agnesium  s u l p h a t e  s u p p l i e d .  T h is  

l e d  him t o  s u g g e s t  t h a t  t r a c e s  o f  z i n c  o r  o t h e r  i m p u r i t i e s  m ig h t

i n  p a r t  be r e s p o n s i b l e  t o  some e x t e n t  f o r  s u c h  g r o w th  r e s p o n s e s .  

H owever ,  some o f  h i s  r e s u l t s  a r e  n o t  c o n c l u s i v e  and do n o t  a g r e e  

w i t h  some o f  h i s  d e d u c t i o n s .  H is  r e s u l t s  i n  T a b le  8 w i l l  

i l l u s t r a t e  t h i s  p o i n t  i n  a  s e r i e s  o f  v a r i a t i o n s  i n  t h e  co m p o n e n ts  

o f  t h e  P f e f f e r  s o l u t i o n .

T a b le  8 . S t e i n b e r g  ( 4 7 )  ( r e a r r a n g e d )  The e f f e c t  o f  a d e c r e a s e  
i n  c o n c e n t r a t i o n  o f  one o r  more o f  t h e  s a l t s  o f  t h e  P f e f f e r  
s o l u t i o n .

( C u l t u r e  p e r i o d  -  7 d a y s )

Grams o f  e a c h  u s e d  p e r  l i t e r  o f  s o l u t i o n A v e ra g e
HH4 HO3 kh2p o 4 MgS04 o f  y i e l d s
10  gm s. 5 gms . 2 . 5  gm s. 0 . 3 0 0  gm s.  1
10  gm s. 5 g m s . 1 . 0  gms. 0 . 3 6 5  gm s.  !
ITT r  ~

v .. „
2 . 5 0 . 2 8 4  " 1

10  " 2 "
.....~ -1

1 . 0  " 0 . 2 9 9  " i
4 ----rr. ..........  -,l“ 2 . 5  tT 0 . 2 1 8  " i
4  TT 5 ” 1 . 0  " 0 . 2 6 5  " :
4 " “* - —rr-........-  - 2 . 5  " 0 . 1 9 0  " !
4  " 2 rT 1 . 0  " 0 . 1 8 3  " ?

He s t a t e s ,  nIn  t h e s e  e x p e r i m e n t s  we n o t e  t h a t  o n l y  a d e c r e a s e  i n  

y i e l d  f o l l o w s  a d e c r e a s e  i n  c o n c e n t r a t i o n  o f  one or  more o f  t h e

i n o r g a n i c  c o n s t i t u e n t s  o f  t h e  P f e f f e r  s o l u t i o n ,  ff. A t t e n t i o n

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

m e n ts  a d e c r e a s e  i n  t h e  m agnesium  s u l p h a t e  a c t u a l l y  r e s u l t e d  i n  

an i n c r e a s e d  y i e l d ,  and i n  t h e  l a s t  e x p e r i m e n t  he i n c l u d e d  an



T a b le  7 .  Growth r e s p o n s e s  of  F u sa r iu m  r a d i c i c o l a  t o  d i f f e r e n t  
am oun ts  o f  m agnesium  s u l p h a t e  i n  t h e  c u l t u r e  medium. ( C u l t u r e s  
I S  d a y s  o l d  a t  h a r v e s t ) .

1 D a ta  on 1 3  day o l d  c u l t u r e s
Grams o f We i g h t o f C o m p a ra t iv e
[MgS04 d r i e d pH o f e s t i m a t e  o f P r e s e n c e  o f
[per m ats f i l t r a ­ y e l l o w  c o l o r c r i n k l i n g  i n
j l i t e r mgs. t e s i n  f i l t r a t e s s u r f a c e  m a ts
i{ no
jO.OOO g r o w t h 4 . 6 0 . 0 none
I l o o 6 . 4 j

0 . 0 0 5 96 6 . 4 0 . 0 n o n e
j 77 6 . 0 1

1 91 6 . 3
i 230 6 . 4
i0 .0 2 5 237 6 . 4 1 . 0 none
! 1 253 6 . 6
i

j  . . .  . -  -  . |
247J 6 . 5
313 5 . 6

io . io o 294 5 . 6 0 . 0 none
311 5 . 6

; 306 5 . 6
j 408 6 . 2

jo. 500 ; 439 6 . 4 1 . 0 y e s
' 371 6 . 2

406 6 . 2
i 606 6 . 8
2 . 0 0 0 621 7 . 2 2 . 0 y e s

605 7 . 0
611 7 . 0

; 664 7 . 6
1 0 . 0 0 664 7 . 6 3 . 0 y e s

650 7 . 6
659 7 . 6
692 7 . 6

2 0 . 0 0  j 681 7 . 6 4 . 0 y e s
| 68 6 7 . 6

686 7 . 6
®wo grams j no
o n l y  o f  | g r o w t h 4 . 6 0 . 0 none
K2 S04 / L  j

f

.  .

(OTOg-5, KH2PO4 - 2 , Sucx*ose,  Cry.  lorn. - 4 0 ,  ZnSO^-O.ObO) 
( 4 0 . 0  c c .  o f  s o l u t i o n  p e r  c u l t u r e  i n  125  c c .  f l a s k s )

a b n o r m a l l y  l a r g e  y i e l d  to  g e t  an a v e r a g e  o f  0 . 1 9 0  g r a m s .  A l s o  

a d e c r e a s e  i n  t h e  KH2PO4 c a u s e s  but  a  v e r y  s m a l l  d e c r e a s e  i n  t h e  

a v e r a g e  y i e l d ,  ( i n  one i n s t a n c e  t h e  a v e r a g e  y i e l d  d i f f e r e n c e  i s  

0 . 0 0 1  g m s . ) One o f  t h e  c h i e f  f a u l t s  o f  su c h  e x p e r i m e n t a t i o n  i s
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l a c k  o f  d a t a  o v e r  a l o n g e r  c u l t u r e  p e r i o d .

In  my e x p e r i m e n t s  d e a l i n g  w i t h  t h e  g r o w t h  r e s p o n s e s  o f  

F u s a r iu m  r a d i c i c o l a  z i n c  s u l p h a t e  h a s  b e e n  a d d e d  i n  e x c e s s  o f

t h e  r e q u i r e d  amount so  a s  t o  a v o i d  any  v a r i a t i o n s  due t o  i t s  

p r e s e n c e  a s  an i m p u r i t y  i n  t h e  m agnesium  s u l p h a t e .  T r i p l i c a t e  

c u l t u r e s  w ere  p e r m i t t e d  t o  grow f o r  13  d a y s  b e f o r e  h a r v e s t i n g  but

T a b le  8 .  Growth r e s p o n s e s  o f  F u sa r iu m  r a d i c i c o l a  t o  d i f f e r e n t  
am ounts  o f  m agnesium  s u l p h a t e  i n  t h e  c u l t u r e  medium.

Grams o f magnes ium s u l p h a t e  u s e d  p e r  l i t e r ]
A B I 0 D

Age o f , 0 . 1 0 0 0 . 5 0 0  . | 1 . 0 0 0  ! 2 0 . 0 0 0
c u l t u r e s d ry i pH dry [ pH 1 dry pH | dry PH ;

a t wt s . 1 wt s . Of i w t s . o f  [ w t s . Of
h a r v e s t M S - ! f i l t . m g s . f i l t .  >! m gs. f i l t .  ; m g s . f i l t  +

74 ; 6 . 2 130 1 6 . 8 1 5 3 7 . 0 273 7 . 6  !
4 84 6 . 2 116 i 6 . 6 1 2 7 6 . 8  s. 239 7 . 4  !

d a y s 84 6 . 2 1 2 2 6 . 6 1 2 7 6 . 8  ? 223 7 . 4  I
8T 6 . 2 1 2 3 6 . 7 1 36 i . t  5 2 1 F 175  j

£05 6 . 4 379 7 . 2 4 8 2 7 . 4 585 8 . 0  ;
6 222 6 . 4 350 7 . 0 4 5 9 7 . 4 602 8 . 0

d a y s 228 ; 6 . 6 340 6 . 8 4 2 4 7 . 3 620 : 8 . 0
218 6 . T 356 7 . 0 45 5 7 . 3  j 602  i 8 .0 '
357 6 . 8 506 7 . 2 6 00 7 . 4 714 : 8 . 4

8 334 6 . 8 508 7 . 2 606 7 . 4 727 8 . 6
d a y s 322 6 . 8 4 9 3 7 . 2 618 7 . 4 718 8 . 6

338 6 . 8 503 7 . 2 608 7 . 4 719 : 8 . 5  :
4 4 4 7 . 2  ‘ 557 ' 8 . 0 636 8 . 2 706 8 . 8  ;

1 1 4 78 7 . 6 57 0 8 . 0 641 8 . 2 716 ; 8 . 8  j
d a ys 4 2 8 7 . 2 5 6 3 7 . 6  1 631 8 . 2 720 ; 8 . 8  \

1 5 0 T 73  : 5 63 : 779 . 636 8 . 2 711' S 8 / 3  i
4 8 3 8 . 0  ’ 553 8 . 4  ! 617 8 . 6 720 1 8 . 8  I

13  ! 459 ; 8 . 0 553 i 8 . 4  ; 5 90 8 . 6  i 722 ) 8 . 8
d a y s  { 4 6 2 ! 8 . 0  ; ; f 598 8 . 6  | ; 1

4 7 0 i 8 . 0  | 5S3 •00 6 02  | 8 . 6  j 721 _j

CO.00

(KH2P04 - 2 ,  KHO3 - 5 , S u c r o s e - 4 0 ,  ZnS04 ~ 0 . 0 5 0 .  40  c c . /  1 25  c c .  f l a s k )

t h e r e  i s  no a s s u r a n c e  t h a t  maximum y i e l d s  were  o b t a i n e d .  The 

a v e r a g e  y i e l d s  i n c r e a s e d  w i t h  t h e  c o n c e n t r a t i o n  o f  th e  s a l t ,  but  

i t  was o n l y  when l e s s  t h a n  2 grams p e r  l i t e r  w ere  p r e s e n t  t h a t  t h e  

g r o w t h  i n c r e a s e  was i n  any c l o s e  c o r r e l a t i o n  w i t h  t h e  c o n c e n t r a t i o n .  

I t  was f o u n d  t h a t  F2 SO4 c o u l d  n o t  r e p l a c e  t h e  MgSC^. ( S e e  T a b le  7 ) .
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F i g .  6 .  Growth c u r v e s  o f  F u s a r iu m  r a d i c i c o l a  i n  m ed ia  c o n t a i n i n g  
d i f f e r e n t  am ounts  o f  m agnesium  s u l p h a t e  p e r  l i t e r  o f  s o l u t i o n .

In  t h e  n e x t  e x p e r i m e n t  t h e  v a r i a t i o n s  i n  c o n c e n t r a t i o n  

w ere  f e w e r  hut  m e a s u r e m e n ts  w ere  t a k e n  a t  f i v e  i n t e r v a l s  d u r i n g  

a  c u l t u r e  p e r i o d  o f  1 2  d a y s .  The r e s u l t s  a r e  g i v e n  i n  T a h le  8 .

The g r o w t h  c u r v e s  i n  F i g u r e  6 show t h a t  one gram o f  t h e  s a l t  p e r  

l i t e r  i s  n o t  s u f f i c i e n t  t o  g i v e  a maximum g r o w th  i n  su ch  a c u l t u r e  

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

o f  t h e  o t h e r  n u t r i e n t  c o m p o n e n ts  a r e  i m p o r t a n t  f a c t o r s  i n  d e t e r ­

m i n i n g  t h e  r e s p o n s e  o f  an o r g a n i s m  t o  a  v a r i a t i o n  i n  a n y  one  

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

t h e n  t h e  a d d i t i o n  o f  more m agnes ium  s u l p h a t e ,  i t  seem s  w o u ld  

r e s u l t  o n l y  i n  a f a s t e r  g r o w th  r a t e  and  n o t  m a t e r i a l l y  i n f l u e n c e
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t h e  f i n a l  maximum y i e l d .  From t h e s e  g r o w t h  c u r v e s  i t  i s  e v i d e n t  

t h a t  a  l i m i t a t i o n  in  t h e  s u p p l y  o f  su c h  a s a l t  a s  m agnesium  

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

t h e  g r o w t h  r a t e .

The c u l t u r e  medium t e n d e d  t o  become a l k a l i n e  i n  a l l  

c u l t u r e s  and t h i s  t e n d e n c y  was c l o s e l y  c o r r e l a t e d  w i t h  t h e  t o t a l  

g r o w t h  and t h e  c o n c e n t r a t i o n  o f  t h e  magnesium s u l p h a t e .  The r a t e

and e x t e n t  o f  t h e  pH c h a n g e s  a r e  shown i n  F i g u r e  7 .

A - - 0 . 1 0 0  g m s /L  o f  MgSC>4 
B - - C . 50G " " '• "
C - - 1 . 0 0 0  M " " "
D- - 2  C . O G  " " " w

. 0

0

r H
• H

0

.c

.0

. 0
11

c u l t u r e  a g e  -  i n  d a y s

F i g .  7 .  The r a t e  and e x t e n t  o f  t h e  pH c h a n g e s  i n  m e d ia  c o n t a i n i n g  
d i f f e r e n t  am ounts  o f  m agnesium  s u l o h a t e  by  F .  r a d i c i c o l a .  ( S e e  
T a b le  8 ) .

From t h e  r e s u l t s  i n  t h e s e  two e x p e r i m e n t s  i t  seem s  

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

more t h a n  two grams of  m agnesium  s u l p h a t e  i s  n o t  n e c e s s a r y  t o  

o b t a i n  t h e  maximum d r y  w e i g h t  y i e l d .  H ow ever ,  i f  l a r g e r  c u l t u r e s
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were  u s e d  c o n t a i n i n g  more c a r b o n  and more o f  t h e  i n o r g a n i c  s a l t s  

t h e n  u n d o u b t e d l y  i t  w o u ld  be n e c e s s a r y  t o  make c o r r e s p o n d i n g  

i n c r e a s e s  i n  t h e  s u p p l y  o f  magnesium s u l p h a t e  t o  o b t a i n  optimum  

g r o w t h  c o n d i l i o n s .

POTASSIUM ACID PHOSPHATE RTOATIONS.

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

l i t t l e  i f  any  d a t a  a v a i l a b l e  t h a t  w o u ld  e n a b l e  one t o  p r e d i c t  

t h e  g r o w t h  r e s p o n s e s  o f  one o r  more o r g a n i s m s  t o  v a r i a t i o n s  i n  

t h e  amount o f  m o n o p o ta s s iu m  a c i d  p h o s p h a t e .  An e x p e r i m e n t  was  

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

t i o n s .  The dry w e i g h t s  and t h e  pH c h a n g e s  a r e  p r e s e n t e d  i n  T a b le  

9 .

In  a p r e v i o u s  c u l t u r a l  e x p e r i m e n t  i n  t e s t  t u b e s  i t  

was f o u n d  t h a t  s e v e r a l  f u n g i  made p r a c t i c a l l y  no g r o w th  when t h e  

KH2PO4 was o m i t t e d .  The am ounts  o f  t h i s  s a l t  u s e d  i n  t h e  s t a n d ­

a r d  n u t r i e n t  s o l u t i o n s  v a r i e s  from  one t o  f i v e  grams p e r  l i t e r .

I n  m ost  o f  t h e  s o l u t i o n s  t h e  w r i t e r  h a s  u s e d  from  one t o  two grams  

p e r  l i t e r  o f  e i t h e r  KHV5PO4 o r  CaHgPO^. and o b t a i n e d  f a i r l y  g o o d  

g r o w t h .  S e c o n d a r y  p o t a s s i u m  a c i d  p h o s p h a t e  (IfgEPO^) h a s  a l w a y s  

c a u s e d  a h e a v y  p r e c i p i t a t e  upon s t e a m  s t e r i l i z a t i o n .  By u s i n g  

A s p e r g i l l u s  n i g e r  4247w  and  F u sa r iu m  r a d i c i c o l a  w h ic h  d i f f e r

w i d e l y  i n  a p p e a r a n c e , t a x o n o m ic  p o s i t i o n - *  and t h e  p r o d u c t i o n  o f  

c e r t a i n  m e t b o l i c  p r o d u c t s ,  i n  m ed ia  c o n t a i n i n g  d i f f e r e n t  c o n ­

c e n t r a t i o n s  o f  KH2PO4 i t  was h op ed  t h a t  some g e n e r a l  c o n c l u s i o n s  
m ig h t  be  r e a c h e d .  As i n  t h e  p r e v i o u s  e x p e r i m e n t s  z i n c  s u l p h a t e

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

p o s s i b l e  p r e s e n c e  a s  an i m p u r i t y .
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T a b le  9 .  Growth r e s p o n s e s  o f  F u sa r iu m  r a d i o i c o l a  and  A s p e r g i l l u s  
n i g e r  a c c o r d i n g  t o  t h e  d r y  weigHT  t e x p r e s s e d  i n  m i l l i g r a m s ) o f  
m y c e l i a l  m ats  p r o d u c e d  and t h e  H - i o n  c o n c e n t r a t i o n  o f  t h e  f i l ­
t r a t e s  t o  v a r i a t i o n s  in  t h e  c o n c e n t r a t i o n  o f  KHgPOu.

I Age o f c u l t u r e s  v/hen h a r v e s t e d
Amount ! 4" days 1 . 8 a-ays 12  d a y s

1 o f
1 KH?P 04 

i n
gms • /  
l i t e r

O r i g ­
1 F .  r a d i o -  
I i c o l a A. n i g e r

F .  r a d i c ­
i c o l a •ci- . n i g e r

; F .  r a d i c -  
f i c o l a 1 A. n i g e r

i n a l  
pH o f  
me d i  a

| dry
j w t s .  
| m gs .

pH
o f
f i l .

dry  
w t s .

: m g s .

pH
o f
f i l .

dry  
wt s .
m g s .

pH
o f
f i l .

dry
w t s
mgs

1 pH 
.[ o f  
• ! f i l l1

\ dry  
J w t s  

mgs

I PH 
o f

.; f i i .1

dry
w t s .
m g s .

pH 
Of f 

1 f i l li i

0 . 0 0 0
4 . 8

i 16
: 1 7
1 1 6

!
1 5 . 2

: 15  
16  

“ 15 4 . 4

17
18  
T 7 7 . 0

17
20
TU

!

! . . .

25
24

- M

!

7 . 2

24
21
Y z

ij E

! 4 . 2

0 . 0 0 5
4 . 8

4 . 8

r 30  
i 32  

3 1 6 . 4

: 135 
33 

! 34 4 . 0

49
36
TE 6 . 6

43
4 3
TU

j
s
I 3 . 6

79
74
YE 6 . 0

53
65
m 3 . 8

0 . 0 2 5
4 . 8

81  
: 75 

YU 6 . 8

UU~~*
88
84 3 . 8

106
1 1 2
TUU 6 . 8

1 05
104
104

i
! 3 . 4

164
168
1 66 6 . 4

126
136
131 3 . 2

0 . 1 0 0
4 . 8

1 76 
171  
1 7 3 7 . 2

186
189
187 3 . 4

302  
39 7 
394 7 . 4

323
350
336 ; 2 . 4

509
5 1 7
3IST 7 , 2

4 1 1
290
400

0 . 5 0 0
4 . 6

166
1 76
1 7 1

r ■,,T'

7 . 6

323
315
319 3 . 8

6 42
642
642 7 . 4

74 l
747
Y M 2 . 0

645
633
639 7 . 6

703  
692  
69 7 2 . 2

1 . 0 0 0
4 . 4

“ Toy
1 6 0
1 6 3 7 . 2

329
314
321 4 . 0

658
645
651 7 . 4

772
752
761 : 2 . 2

665
665
665 8 . 0

721
725
723 P 2

3 . 0 0 0
4 . 2

186
189 6 . 8

342
333
337 4 . 2

615
598
606 7 . 4

776
789
782 2 . 2

656
660
658 7 . 4

718
715
716 2 . 2

6 . 0 0 0
4 . 0

“1 9 3
202  
19 7 6 . 6

356
342
349 4 . 0

596
627
611 7 . 0

702  
7 78 
782 2 . 2

630
624
627 7 . 2

717
731
724 2 . 2

1 0 . 0 0
3 . 8

208
204
206 6 . 4

344
334
339 4 . 0

6 66
663
664  ; 6 . 8

790
788
YUU ; 2 . 2

665
644
654 6 . 6  |

750
730
740 2 . 2

2 0 . 0 0
...? - 8 |

h S H ln
211
216 6 . 0

Y3Z4
337
M U 3 . 8

~634H
660
M Y

; 820  
1 821  

6 . 6  | 820 ; 2 . 2

642
642
642 i 6 . 2

761
768
764 2 . 4

(KMO3- 5 , idgSO^-E, s u c r o s e  ( C r y ,  Dom. ) - 4 0 ,  ZnSO^-O.OSO. and a  
t r a c e  o f  f e r r i c  t a r t r a t e )  ( 4 0  c c . / c u l t u r e  i n  12 5  c c .  f l a s k s ) .
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I n  F i g u r e  8 t h e  maximum dry  w e i g h t  o f  m y c e l iu m  and  t h e  

c o r r e s p o n d i n g  pH o f  t h e  f i l t r a t e s  ha v e  "been p l o t t e d  s o  a s  t o  

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

a d d i t i o n  o f  t w e n t y  grams p e r  l i t e r  d i d  n o t  b r i n g  a b o u t  a c o n d i t i o n  

w h ic h  w as  t o x i c  t o  e i t h e r  f u n g u s .  The a d d i t i o n  o f  more t h a n  

0 . 5 0 0  grams c a u s e d  b u t  l i t t l e  i n c r e a s e  i n  g r o w t h .  The g r o w t h  

r a t e s  i n  t h e  d i f f e r e n t  c o n c e n t r a t i o n s  v a r i e d  a  l i t t l e  bu t  was  

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

The A. n i g e r  was a b l e  t o  make a g r e a t e r  t o t a l  v e g e t a t i v e  g r o w th  

t h a n  t h e  F .  r a d i c i c o l a  b u t  b o t h  e x h i n i t  a  s i m i l a r  s a l t  r e q u i r e m e n t .  

The pH c h a n g e s  b r o u g h t  a b o u t  by F ,  r a d i c i c o l a  a r e  o f  i n t e r e s t .

The a b s e n c e  o f  t h e  p h o s p h a t e  a s  a  b u f f e r  se em s  to  be r e s p o n s i b l e  

f o r  t h e  marked s h i f t  to w a r d s  n e u t r a l i t y  i n  t h e  c h e e k  s e r i e s  w here  

o n l y  a v e r y  l i m i t e d  v e g e t a t i v e  g r o w t h  was p o s s i b l e .  The pH c h a n g e  

t o w a r d s  an a l k a l i n e  c o n d i t i o n  i n  t h e  m e d ia  c o n t a i n i n g  l e s s  t h a n  

3 . 0 0  gram s p e r  l i t e r  c a n  be e x p l a i n e d  on t h e  b a s i s  o f  u n e q u a l  i o n i c  

a b s o r p t i o n  w h ic h  i n  e x t e n t ,  i s  p r o p o r t i o n a l  to  t h e  t o t a l  v e g e t a ­

t i v e  g r o w th  and t h e  a b s e n c e  o f  a s u f f i c i e n t  amount o f  t h e  p h o s ­

p h a t e  t o  make an  e f f e c t i v e  b u f f e r  a c t i o n .  When more t h a n  t h r e e  

grams w e r e  p r e s e n t  a b u f f e r  a c t i o n  o c c u r e d .  W hatever  b u f f e r  

a c t i o n  was p r e s e n t  d i d  n o t ,  a c c o r d i n g  t o  t h e  dry  w e i g h t s ,  b r i n g  

a b o u t  a n  a c i d  c o n d i t i o n  w h ic h  was u n f a v o r a b l e .  In  g e n e r a l ,  

e x p e r i m e n t a l  e v i d e n c e  h a s  shown t h a t  t h e  F u s a r i a  can  t o l e r a t e  

r a t h e r  a  w ide  r a n g e  i n  a c i d i t y  and  a l k a l i n i t y .

Tne pH c h a n g e s  r e s u l t i n g  i n  t h e  A. n i g e r  c u l t u r e s  w ere  

o f  a d i f f e r e n t  n a t u r e .  They became a e c i d e d l y  a c i d  due t o  t h e  f o r ­

m a t i o n  o f  o r g a n i c  a c i d s .  No d e t e r m i n a t i o n s  w ere  c a r r i e d  o u t  t o
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F i g ,  8 ,  The a v e r a g e  maximum y i e l d s  and t h e  pH c n a n g e  by A s p e r g i l l u s  
n i g e r  4 3 4 7w and  Fus ariurn r a d i o  i c o l a  i n  m ed ia  c o n t a i n i n g  d i f f e r e n t  
am ounts  o f  m o n o - p o t a s s iu m  a c i d  p h o s p h a t e • ( S e e  T a b le  9 . )

d e t e r m i n e  th e  k i n d  and amount o f  a c i d  p r e s e n t .  A r e s t r i c t e d  

v e g e t a t i v e  g r o w th  s u g g e s t s  a d e c r e a s e  i n  t h e  a c i d  p r o d u c t i o n  a s  

i n d i c a t e d  by t h e  pH i n  t h e  s e r i n s  lo w  i n  t h e  p h o s p h a t e .

The u s e  o f  5 , 0  grams o f  p o t a s s i u m  a c i d  p h o s p l  i s  a s  i n  

th e  f f e f f e r  s o l u t i o n  d o e s  n o t  l e a d  t o  a t o x i c  c o n d i t i o n  but  a  

much s m a ] l o r  amount c o u l d  be e m p lo y e d  w i t h o u t  m a t e r i a l l y  a f f e c t ­

i n g  t n e  maxinu.n The g r o w t h  r a t e  a n d  t h e  maximum dry

w e i g h t  y i e l d  u e  i n f l u e n c e d  by t h e  amount o f  t h e  d i f f e r e n t  

h r i e n t  co m p o n e n ts  u s e d .  D i f f e r e n c e s  i n  t h e  ■ r o w t h  r a t e  do
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n o t  n e c e s s a r i l y  mean c o r r e s p o n d i n g  d i f f e r e n c e s  i n  t h e  f i n a l  

maximum y i e l d .  The maximum y i e l d s  i n  v e g e t a t i v e  g r o w t h  o r  t h e  

p r o d u c t i o n  o f  d i f f e r e n t  a c i d i t y  c o n d i t i o n s  a s  i n f l u e n c e d  by  

v a r i a t i o n s  i n  one or  a l l  o f  Lhe n u b r i e n t s  can  o n l y  be d e t e r m i n e d  

a c c u r a t e l y  by u s i n g  a  s u f f i c i e n t  number o f  c u l t u r e s  t h a t  w i l l  

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

B.  G-rowth r e s p o n s e s  t o  some e l e m e n t s  l i s t e d  a s  s t i m u l a n t s .

The a c t i o n  o f  v a r i o u s  s a l t s  i n  a s y n t h e t i c  medium h a s  

b e e n  t h e  s u b j e c t  o f  an i n t e n s i v e  s t u d y .  As a  r e s u l t  some e l e m e n t s  

w ere  l i s t e d  a s  a b s o l u t e l y  e s s e n t i a l ,  o t h e r s  u n e s s e n t i a l ,  a n d  some 

a s  s t i m u l a n t s .  The r e s u l t s  o b t a i n e d  by v a r i o u s  i n v e s t i g a t o r s  h a v e  

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

o r g a n i s m s  u s e d ,  and t h e  p u r i t y  o f  t h e  s a l t s  a n d  w a t e r .  Only  by  

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

c l a s s i f y  a n  e l e m e n t  a s  e s s e n t i a l  or  u n n e c e s s a r y .

The d i s t i n c t i o n  b e t w e e n  a n e c e s s a r y  e l e m e n t  and one w h ic h  

c a u s e s  a g r o w t h  s t i m u l a t i o n  i s  i n  m ost  c a s e s  a m a t t e r  o f  

d e f i n i t i o n  i n  ter m s  o f  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  An e s s e n t i a l  

e l e m e n t  m i g h t  be c a l l e d  a  s t i m u l a t i n g  e l e m e n t .  In  g e n e r a l  th e  s o -  

c a l l e d  s t i m u l a n t s  a r e  e f f e c t i v e  i n  v e r y  s m a l l  am ounts  w h ic h  i n  

some r e s p e c t s  s u g g e s t s  t h a t  t h e y  may f u n c t i o n  a s  c a t a l y s t s .  I f  

t h e  a d d i t i o n  o f  an  e l e m e n t  t o  t h e  medium c a u s e s  o n l y  an  i n c r e a s e  

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

w o u ld  f u n c t i o n  a s  a s t i m u l a n t .  I n  F i g u r e  9 a r e  t h r e e  h y p o t h e t i c a l  

g r o w t h  c u r v e s ,  A, B ,  and C w h ic h  w i l l  a i d  i n  p i c t u r i n g  t h e  

w r i t e r ’ s  c o n c e p t  o f  a  p o s s i b l e  d i f f e r e n c e  b e t w e e n  e s s e n t i a l  a n d
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I

a g e  o f  c u l t u r e s

F i g .  9 .  T h e o r e t i c a l  g r o w th  c u r v e s  t o  i l l u s t r a t e  a c o n c e p t  o f  a 
c h e m i c a l  s t i m u l a t i o n  o f  g r o w t h .

s t i m u l a t i n g  e l e m e n t s .  I f  t h e  c u r v e  A i s  o b t a in e d ,  i n  t h e  p r e s e n c e  

o f  t h e  s a l t  c o n t a i n i n g  t h e  e l e m e n t  i n  q u e s t i o n  a n d  c u r v e  B o b t a i n ­

e d  when t h e  s a l t  i s  a b s e n t  t h e n  t h e  e l e m e n t  w o u ld  f u n c t i o n  o n l y  

a s  a g r o w t h  s t i m u l a n t .  W h i le  on  t h e  o t h e r  hand i f  i n  t h e  a b s e n c e  

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

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

In  t h e  f o l l o w i n g  e x p e r i m e n t s  d e a l i n g  w i t h  b o r o n ,  

m a n g a n e s e , and  z i n c  no s p e c i a l  m eth ods  o f  s a l t  p u r i f i c a t i o n  w ere  

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

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

i n  m ed ia  c o n t a i n i n g  c h e m i c a l s  o f  s t a n d a r d  p u r i t y .  Most  o f  t h e  

c u l t u r e  work w i t h  f u n g i  h a s  b e e n  w i t h  s t a n d a r d  G. P c h e m i c a l s  

h e n c e  t h e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s  can  be com pared  w i t h  t h e  

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

ITo do u b t  somewhat d i f f e r e n t  r e s u l t s  w o u ld  h a v e  b e e n  o b t a i n e d  by
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t h e  u t i l i z a t i o n  o f  s p e c i a l  g l a s s w a r e  and more h i g h l y  p u r i f i e d  

c h e m i c a l s *  H o w ev er ,  i t  seem s  l o g i c a l  t o  assum e t h a t  o n l y  

m in u te  q u a n t i t i e s  o f  b o r o n  was p r e s e n t  i n  e i t h e r  th e  s a l t s  or  t h e  

d i s t i l l e d  w a t e r  s i n c e  J o h n s t o n  ( S I )  u s e d  t h e  same s a l t s  and d i s ­

t i l l e d  w a t e r  and o b t a i n e d  p o s i t i v e  r e s p o n s e s  o f  to m a to  p l a n t s  on  

t h e  a d d i t i o n  o f  one t o  two p a r t s  o f  b o r o n  p e r  m i l l i o n *

5 .  RESPONSES fJQ BOH OH*

Our k n o w le d g e  o f  t h e  a c t i o n  o f  b o r o n  on t h e  h i g h e r  

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

A l t h o u g h  n e c e s s a r y  o n l y  i n  m i n u te  t r a c e s , t h e  work o f  J o h n s t o n  

( 2 1 ) ,  and B r ea ch ley ,  ( 7  & 8 ) ,  makes i t  c l e a r  t h a t  b o r o n  i s  a n  e s ­

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

C o l l i n g s  ( 1 0 ) ,  h o w e v e r ,  d i d  n o t  f i n d  b o r o n  e s s e n t i a l  t o  grow  

s o y  b e a n  p l a n t s  t o  m a t u r i t y  i n  n u t r i e n t  s o l u t i o n s .  B o r i c  a c i d  

h a s  b e e n  c o n s i d e r e d  by  some w o r k e r s  a s  a p o s s i b l e  f u n g i c i d e .

M o r e l ,  ( 3 3 ) ,  f o u n d  t h a t  b o r i c  a c i d  i n  weak s o l u t i o n s  c o m p l e t e l y  

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

m ig h t  be u s e d  i n  d i s e a s e  c o n t r o l  m e a s u r e s .  Edmondson, e t  a l  ( 1 6 ) ,  

and P o w e l l ,  ( 3 7 ) ,  h a v e  s t u d i e d  t h e  f u n g i c i d a l  a c t i o n  o f  b o r o n  

s a l t s  and i n  m ost  c a s e s  hav e  fo u n d  them more o r  l e s s  i n e f f e c t i v e .  

Ag'Ulhon, ( 1 ) ,  w o r k in g  w i t h  y e a s t s ,  b a c t e r i a ,  and m o ld s  f o u n d  no 

e v i d e n c e  o f  s t i m u l a t i o n  w i t h  s m a l l  q u a n t i t i e s .  '.Vith t h e  m olds  

l i t t l e  t o x i c  a c t i o n  was o b s e r v e d  u n t i l  a p p r o x i m a t e l y  a c o n c e n ­

t r a t i o n  o f  5 . 0  grams p e r  l i t e r  o f  b o r i c  a c i d  was u s e d .  Cusumano, 

( 1 4 ) ,  c l a i m s  t h a t  t h e  d e v e lo p m e n t  o f  A s p e r g i l l u s  n i g e r  was  

f a v o r e d  a t  s t r e n g t h s  b e l o w  0 . 0 1  p e r  c e n t  b o ro n  ( b o r i c  a c i d ) .  H is  

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

g r o w th  m e a s u r e m e n ts  o v e r  a l o n g e r  p e r i o d  o f  t i m e .

D a v i s ,  e t  a l .  ( 1 5 )  u s e d  a medium c o n t a i n i n g  C. P .  

c h e m i c a l s  and a n o t h e r  medium f o r  w h ic h  t h e  s a l t s  had  b e e n  c a r e ­

f u l l y  r e c r y s t a l l i z e d  and p u r i f i e d .  They r e p o r t ,  riWhen 

D o t h i o r e l l a  s g . was e m p lo y e d  y i e l d s  a b o u t  one h a l f ,  and witto t h e  

a d d i t i o n  o f  one and one h a l f  p a r t s  t o  a  m i l l i o n  r e s t o r e  d y i e l d  t o  

90 p e r  c e n t  o f  t h a t  o b t a i n e d  w i t h  t h e  u n p u r i f i e d  s a l t u . They 

b e l i e v e  t h a t  b o r o n  i s  t o  be r e g a r d e d  a s  an e s s e n t i a l  e l e m e n t .

In  a  s e r i e s  o f  p r e l i m i n a r y  e x p e r i m e n t s  u s i n g  t e s t  tu b e

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

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

c r e a s e s  i n  g r o w t h .  Q u a l i t a t i v e  e s t i m a t i o n s  from  s u c h  c u l t u r e s  d i d  

n o t  g i v e  c o n s i s t e n t  r e s u l t s .  I t  was i m p o s s i b l e  t o  d e t e c t  any  

b e n e f i t  from  a d d i n g  s m a l l  am ounts  o f  b o r i c  a c i d  or  so d iu m  b o r a t e .

S t e i n b e r g  ( 4 7 )  showed q u i t e  c o n c l u s i v e l y  t h a t  A s p e r g i l l u s

n i g e r  was a b l e  t o  s e c u r e  a p p r e c i a b l e  q u a n t i t i e s  o f  z i n c  from

c e r t a i n  t y p e s  o f  g l a s s  u s e d  f o r  c u l t u r e  f l a s k a .  The p o s s i b i l i t y  

o f  t h e  f u n g i  to  o b t a i n  s m a l l  q u a n t i t i e s  o f  b o r o n  f r o m  t h e  P y r e x  

and o t h e r  f l a s k s  c o n t a i n i n g  t r a c e s  o f  b o r o n  h as  n o t  b e e n  o v e r ­

l o o k e d .  H owever ,  g l a s s  ware known t o  be f r e e  from  b o r o n  was n o t  

u s e d .  A s e r i e s  o f  c u l t u r e s  w ere  p r e p a r e d  i n  b o t t l e s  w h ic h  had  

c o n t a i n e d  f,B a k e r s  A n a l y z e d  C h a m i c a l s 11 o f  250  c c .  c a p a c i t y .  The 

f o l l o w i n g  f o u r  s e r i e s  o f  m e d ia  were  p r e p a r e d :

A. -  MgS04 - 2 . 0 ,  KHgPO4 - 2 .O ,  E lJO g-5 .0 ,  G l u c o s e  C .P .  - 3 2 . 0

B. -  Same a s  A p l u s  25 mm. o f  f e r r i c  t a r t r a t e .

C. -  Same a s  A p l u s  25 mm. o f  b o r i c  a c i d .

D. -  Same a s  A p l u s  25 mm. e a c h  o f  b o r i c  a c i d  and  f e r r i c
t a r t r a t e •
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F i v e  c u l t u r e s  i n  e a c h  medium w ere  i n n o e u l a t e d  w i t h  

F u sa r iu m  r a d i c i c o l a  and o b s e r v e d  a t  i n t e r v a l s  f o r  a p e r i o d  o f  

15 d a y s ,  ho e v i d e n c e  o f  s t i m u l a t i o n  o r  a n y  o t h e r  g r o w t h  r e s p o n s e s  

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

or  t o g e t h e r  c o u l d  be o b s e r v e d  at  any  s t a g e  o f  d e v e l o p m e n t .  E i t h e r  

t h e  f u n g u s  can  make b u t  l i t t l e  r e s p o n s e  t o  t h e s e  c h e m i c a l s  or  

s u f f i c i e n t  am oun ts  w e r e  i n c l u d e d  a s  i m p u r i t i e s  i n  t h e  medium o r  

t h e  n e c e s s a r y  q u a n t i t i e s  w e re  a v a i l a b l e  from  t h e  g l a s s w a r e .

T a b le  1 0 .  C o m p a ra t ive  g r o w t h  r e s p o n s e s ,  b a s e d  on t h e  dry w e i g h t  o f  
t h e  m y c e l i a l  m a ts  and pH c h a n g e s  i n  t h e  c u l t u r e  medium, o f  t h r e e  
f u n g i  t o  t h e  p r e s e n c e  o f  b o r o n  and z i n c  i n  t h e  c u l t u r e  medium.

C u l t u r e s e r i e s
A B C

O rganism s u s e d Che c k , p l u s P l u s i r o n P l u s i r o n
i r o n and s i n e and b o r o n

and d r y pH dry pH dry pfl
wt s . o f w t s . o f w t s . o f

a g e  a t  h a r v e s t m gs. f i l . m gs . f i l . mgs. f i l .

F u s a r iu m  r a d i o - 291 6 . 8 767 8 . 2 525 7 . 8
i c o l a  7 0 1 . 286 6 . 8 788 8 . 2 4 8 0 7 . 8

|9 d a y s 29 7 6 . 8 758 S . 2 5 22 7 . 8
s 291 6 . 8 771 8 . 2 509 7 . 8
[ A s p e r g i l l u s  n i g e r 4 0 2 * 3 . 4 - 738 4 . 8 475 3 . 4 -
424  7w 39 7 3 . 4 - 782 4 . 8 4 9 2 3 . 4 -
|9 day s 3 63 3 . 4 - 775 4 . 8 488 3 . 4 -

38 7 3 . 4 - 765 4 . 8  ■ 4 8 5 3 . 4 -
jPusarium t r i c o t h - 29 7** 4 . 0 4 8 2 8 . 0 333 8 . 0
l e c i o i a e s  1 4 1 316 7 . 0 500 8 . 2 195-1- 6 . 8
(21 d a y s 310 7 . 2 556 8 . 4 362 8 . 2i v

................ _ 3 1 3 7 . 1 '513 8 7 2 347 8“.'T

(IvIgSO^-2, KHgPOA-2, KNO3 - 5 , S u c r o s e ,  Cry.  lorn. - 3 0 .  F e r r i c  
t a r t r a t e  -  0 . 0 2 5 ) .  O r i g i n a l  pH o f  medium was 4 . 6 .  C u l t u r e s  i n
250  c c .  P y r e x  E r le n m e y e r  f l a s k s  w i t h  6 0 . 0  c c .  o f  c u l t u r e  s o l u t i o n .
** C o n t a m in a t e d  w i t h  A. n i g e r  and n o t  i n c l u d e d  i n  a v e r a g e .

t  ^ l a s k  o v e r t u r n e d  and p a r t  o f  medium l o s t .
* pH 3 . 4  -  means b e l o w  pH 3 . 4 .
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A p o s i t i v e  r e s p o n s e  t o  b o r o n  was o b t a i n e d  w i t h  t h r e e  

f u n g i  grown i n  t h e  l a r g e  c u l t u r e  f l a s k s .  The dry w e i g h t s  a r e  

g i v e n  i n  T a b le  1 0 .  From t h e  d ry  w e i g h t s  o f  t h e  m y c e l iu m  i t  i s  

e v i d e n t  t h a t  z i n c  c a u s e d  an i n c r e a s e  i n  t h e  g r o w t h  o f  e a c h  f u n g u s .  

Two o r g a n i s m s  made some r e s p o n s e  t o  t h e  b o r o n  but  n o t  l i k e  t h e y  

d i d  t o  t h e  z i n c .  F u s a r iu m  t r i c o t h e c i o i d e s  1 4 1  g r ew  s l o w l y  and  

t h e  h a r v e s t  was  d e l a y e d  u n t i l  t h e  c u l t u r e s  w e r e  t h r e e  w e ek s  o l d .

I t _was b e n e f i t t e d  somewhat by t h e  z i n c  w h i l e  i t  i s  d o u b t f u l  i f  

t h e  s l i g h t  i n c r e a s e  i n  w e i g h t  due t o  b o r o n  i s  s i g n i f i c a n t .

The f o l l o w i n g  d e s c r i p t i v e  n o t e s  w ere  t a k e n  a t  t h e  t im e  
o f  h a r v e s t ;

F u s a r iu m  r a d i c i c o l a  7 0 1 .

d i e  ok -  c uL t  are  s A 
L i q u i d  medium c l e a r ,  t r a c e s  o f  b l u e  i n  t h e  m y c e l iu m ,  r a t h e r  p o o r  
s u r f a c e  g r o w t h .

p l u s  z i n c - c u l t u r e s  B 
L i q u i d  medium d eep  y e l l o w ,  l a r g e  b lu e  s p o t s  i n  m y c e l iu m ,  m y c e l iu m  
h e a v y  and  much w r i n k l e d .

p l u s  b o r o n - c u l t u r e s  C 
L i q u i d  medium f a i n t l y  y e l l o w ,  o n l y  a f e w  t r a c e s  o f  b l u e  i n  
m y c e l iu m ,  s u r f a c e  g r o w t h  b e t t e r  t h a n  i n  c h e e k s .

A s p e r g i l l u s  n i g e r  4 2 4 7w.

che  c k —c u l t u r e s  A 
Medium c l e a r ,  i r r e g u l a r  s u r f a c e  g r o w t h ,  a b u n d a n t  c ro p  o f  very- 
b l a c k  s p o r e s ,  no b a g - l i k e  p r o j e c t i o n s  o f  s u r f a c e  mats down i n  th e  
l i q u i d .

p l u s  z i n c - c u l t u r e s B 
L i q u i d  medium deep  y e l l o w ,  s u r f a c e  g r o w t h  q u i t e  r e g u l a r ,  s p o r e  
m a s s e s  n o t  so b l a c k  a s  i n  c h e c k  c u l t u r e s ,  much s i n k i n g  ana  f o l d ­
i n g  o f  s u r f a c e  mat f o r m i n g  b a g - l i k e  p r o j e c t i o n s  down i n t o  t h e  
me a i  urn, unque s t  i  o na b l y  i n c r e a s e d  g r o  wt h due t o  z i n c .

p l u s  b o r o n - c u l t u r e s  G 
I n  a l l  r e s p e c t s  s i r n i l a r  t o  c h e c k  c u l t u r e s  o t h e r  t h a n  a s l i g h t l y  
h e a v i e r  s u r f a c e  g r o w t h .

F u s a r iu m  t r i c o t h e c i o i d e s  1 4 1 .

c h e c k - c u l t o r e s  A 
L i q u i d  medium c l e a r ,  m ats  p i n k  and w a t e r  s o a k e d .

p l u s  z i n c - c u l t u r e s  3 
L i q u i d  medium s l i g h t l y  y e l l o w ,  m ats  f a i n t l y  p i n k  and w a t e r  s o a k e d ,  
d e f i n i t e  g r o w t h  i n c r e a s e  due t o  z i n c .
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p l u s  b o r o n - c u l t u r e s  C 
L i k e  c h e c k  c u l t u r e s ,  o n l y  w i t h  l e e s  p i n k  c o l o r  i n  m ats*

The i n c r e a s e  i n  d r y  w e i g h t  o f  t h e  m y ce l iu m  o f  t h e  f u n g i

i n  t n e  above  e x p e r i m e n t  due t o ' t n e  p r e s e n c e  o f  b o r o n  d i d  n o t  seem

T a b le  1 1 .  Growth r e s p o n s e s  o f  F u sa r iu m  r a d i c i c o l a  t o  s m a l l  am ounts  
o f  B o r i c  a c i d  i n  t h e  n u t r i e n t  medium.

C o n c e n t r a t i  on o f  B o r i c  a c i d  i n  p i g s . / l i t e r
A B C

none LO 30
Age o f d ry pH d ry pH d ry pH

w t s . o f w t s . o f wt s  . o f
c u l t u r e s mgs. f i l . m g s . f i l . m gs . f  i l .

68 5 . 4  1 89 5 . 8 65 5 . 4
66 5 . 4 77 5 . 6 74 5 . 6

6 51 5 . 4 85 5 . 8 5 3 5 . 4
d a y s 74 5 . 6 67 5 . 6 61 5 . 4

71 5 . 6 91 5 . 8 55 5 . 4
66 5 . 5 82 1 5 . 7 F2 "57%

297 r 6 . 6 329 j 6 . 8 3 l 4 6 . 6
292 6 . 6 337 6 . 8 3 0 2 6 . 6

12 33 2 6 . 8 335 6 . 8 298 6 . 6  I
d a y s 290 6 . 6 336 6 . 8 298 6 . 6  |

303 6 . 6 311 6 . 6 298 6 . 6
........................ 303 6 . 6 329 6hH 3 0 2 5 7 £

366 7 . 0 381 7 . 4 3 7 3 7 . 2
381 7 . 6 374 7 . 4 372 7 . 2

18 356 7 . 0 369 7 . 2 378 7 . 6
d a y s 365 7 . 0 377 7 . 2 352 6 . 8

377 7 . 2 383 7 . 6 366 7 . 2
2 5 7 772 377 . 7 . 3 368 775

; 326 7 . 4 339 7 .6 342 7 . 8
; 1 328 7 . 4 3 3 2 7 . 8 349 7 . 6

26 i 337 7 . 8 339 7 . 6 339 7 . 8
d a y s  ! 3 2 3 7*6 334 7 . 8 331 7 . 6

334 7 . 8 343 7 . 8 343 7 . 6
329 7 . 6 SS7 7 . 7 341 7 7 7
323 7 . 8 309 7 . 9 314 7 . 8
316 7 . 8 3 23 7 . 9 326 7 . 8

d a y s 310 7 . 8 3 11 7 . 8 320  i 7 . 8
\ 3 12 -3 • 00 328 7 . 9 322  1 7 . 8
1
i

315 7 . 8 318 7 . 9 320 j
1

7 7 8

(MgS04 - 2 ,  XHgPO * — 1 , KUOr?- 4 ,  B a k e r 1s C. P . G lu c o s e - 4 0  )
( 4 0 . 0  c c .  o f  so l u t i o n  p e r  c u l t u r e i n  125  c c .  P y r e x  f l a s k s ) .
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t o  a g r e e  w i t h  t h e  o b s e r v e d  a p p e a r a n c e  o f  t h e  c u l t u r e s .  The 

s m a l l  number o f  c u l t u r e s  w i t h  o n l y  one h a r v e s t  d i d  n o t  seem t o  

j u s t i f y  a d e f i n i t e  c o n c l u s i o n  t h a t  b o r o n  was b e n e f i c i a l .  A n o t h e r  

e x p e r i m e n t  was made w i t h  F u sa r iu m  r a d i c i c o l a  u s i n g  a l o . r g c r  number  

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

i n  T a b le  11  t h e  b e n e f i c i a l  e f f e c t s  o f  a d d i n g  b o r i c  a c i d  a r e  

s l i g h t .  Tne a d d i t i o n  o f  10  mm. o f  t n e  a c i d  p e r  l i t e r  g a v e  some 

i n c r e a s e  i n  y i e l u  o v e r  t h e  c h e c k s  w n i l e  t h e  a d d i t i o n  o f  30 mm. 

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

As s t a t e d  b e f o r e  F u sa r iu m  r a d i c i c o l a  u n d e r  some c o n d i ­

t i o n s  fo r m s  r e d  and b l u e  p i g m e n t s  w h i c h  d i f f u s e  o u t  i n t o  t h e  

l i q u i d  medium. The a c i d i t y  d e v e l o p e d  i n  a  medium c o n t a i n i n g  

ammonium n i t r a t e  s e em e d  t o  f a v o r  t h e  d e v e l o p m e n t s  o f  s u c h  p i g m e n t s .  

In  one o f  t h e  p r e l i m i n a r y  t e s t s  i n  t e s t  uube c u l t u r e s ,  d i f f e r e n t

T a b le  1 2 .  E f f e c t  o f  b o r i c  a c i d  on t h e  v e g e t a t i v e  g r o w th  and  
p ig m e n t  f o r m a t i o n  o f  F u sa r iu m  r a d i c i c o l a .

C u l t u r e
d e s c r i p t i o n

p— — - ■ -------- -  —  —  —■ ------------- -
Grams o f  B o r i c  a c i d  u s e d  p e r  l i t e r

0 . 0 0 0 0 . 0 1 0  : 0 . 0 5 0 0 . 1 0 0 0 . 5 0 0  | 2 . 0 0 0
q u a l i t y  o f  

(growth p o o r  ;
f

p o o r  | p o o r f a i r g o o d  ! p o o r
j c o l o r  o f  
m a t s r e d r e d  j r e d r e d

|
w h i t e  j g r a y

|pH o f  
m e d ia 3 . 4

j
3 . 4  3*6 3 . 8

|
4 . 4  I 4 . 4

(MgS0 4 ~ £ ,  iCH2P 0 4 - 1 , XTH4 FO3 - 4 , g l u c o s e  C. P .  - 3 2 ,  no z i n c ) .

am ounts  o f  b o r i c  a c i d  w ere  a dd ed  t o  a rneuium c o n t a i n i n g  ammonium 

n i t r a t e .  I n  t h o s e  c u l t u r e s  c o n t a i n i n g  0 . 5 0 0  gms. o f  b o r i c  a c i d  

p e r  l i t e r  t h e r e  was a d e c i d e d  i n c r e a s e  i n  g r o w t h ,  no p igm en t  was  

fo rm e d  and t h e  m y c e l iu m  was w h i t e  w i t h  a l u x u r i a n t ,  f l u f f y  s u r f a c e  

g r o w t h .  The c u l t u r e s  c o n t a i n i n g  l e s s  am oun ts  o f  t n e  b o r i c  a c i d
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m ale  a  p o o r  g r o w t h ,  w i t h  r e d ,  h a r d  and c r i n k l e d  s u r f a c e  m a t s .

The amount o f  a c i d  u s e d  i n  s e r i e s  6 was t o x i c .  The o r i g i n a l  

pH o f  t h e  m e d ia  was 4 . 4 - 4 . 6 .  The pH o f  t h e  c u l t u r e  m ed ia  a f t e r  

two w e e k s  g r o w t h  a r e  g i v e n  i n  T a b le  1 2 .  T h ese  r e s u l t s  s u g g e s t  

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

p r e s e n c e  o f  t h e  r e q u i r e d  amount o f  b o r o n .  In  some way t h e  b o r i c  

a c i d  h a s  p r e v e n t e d  t h e  d e v e lo p m e n t  o f  an i n t e n s e  a c i d  c o n d i t i o n

when 0 . 5 0 0  grams p e r  l i t e r  h a d  b e e n  s u p p l i e d .  The b o r i c  a c i d  

i n  su ch  a c o n c e n t r a t i o n  m ig h t  h a v e  a c t e d  a s  a b u f f e r  o r  rnav 

h a v e  had  a more c o m p le x  a c t i o n  s u c h  a s  i n f l u e n c i n g  t h e  r a t i o  o f  

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

In t e s t  t u b e  c u l t u r e s  t h e s e  r e s u l t s  h a v e  b e e n  d u p l i c a t e d  s e v e r a l  

t im e  s .

In  a s i m i l a r  t y p e  o f  e x p e r i m e n t  t h e  c o n c e n t r a t i o n  o f  

g l u c o s e  was v a r i e d  w i t h  d i f f e r e n t  am ounts  o f  t h i s  a c i d  p r e s e n t  

w h i l e  t h e  i n o r g a n i c  s a l t s  w e re  t h e  same a s  s t a t e d  i n  T a b le  1 2 .

The b e n e f i c i a l  e f f e c t  o f  t h e  a c i d  v a r y i n g  from  0 . 3 0 0  t o  750  

grams p e r  l i t e r  was g r e a t e r  i n  a medium c o n t a i n i n g  2 4 . 0  gram s o f  

g l u c o s e  t h a n  one c o n t a i n i n g  6 . 0  grams p e r  l i t e r .  I n  t h e  l o w  

s u g a r  medium t h e r e  was l i t t l e  p i g m e n t  fo rm ed  i n  t h e  m y c e l iu m  and t h e  

a c i d  c o n d i t i o n  p e r s i s t e d  o n l y  f o r  a s h o r t  t im e  a f t e r  w h ic h  t h e  

medium moved t o w a r d s  a l k a l i n i t y .  U r e a ,  p e p t o n e ,  and p o t a s s i u m  

n i t r a t e  were  u s e d  a s  n i t r o g e n  s o u r c e s  u n d e r  t h e  same c o n d i t i o n s  

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

In  th e  p r e s e n c e  o f  su ch  n i t r o g e n  s o u r c e s  t h i s  f u n g u s  d e c r e a s e d  

t h e  a c i d i t y  o f  t h e  medium. Hence t h i s  t y p e  o f  b e n e f i c i a l  a c t i o n  

o f  b o r i c  a c i d  seem s  t o  be  r e s t r i c t e d  t o  a medium c o n t a i n i n g  

ammonium n i t r a t e  and an abu n d a n t  s u p p l y  o f  g l u c o s e .
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T a b le  13* G-rowth r e s ' o o n s e s  o f  F u sa r iu m  r a d i c i c o l a  on an ammonium 
n i t r a t e  m e d ia n  c o n t a i n i n g  c o m b i n a t i o n s  o f  b o r o n ,  i r o n  and z i n c *

V a r i a t i o n s o0 c u l t u r e s when ha r v e s t e d
m 14 d a y s  i X I days 28 d ays 34 days

C x i .  t a r e  
medium

dry  
w La. 1 pH j

dry  
wt s . pH

1 ury  
: wt s . ph

dry  
wt s . dH

che ck 94 ■: 4 . 4  i 176 4 . 8 : 256 5 . 4  | 205 5 . 0
minus b o r o n ,  
i r o n  and

1 1 2
1 05

i 4 . 4  1 
4 . 4  I

169------ 4 . 8 : 253
*

5 . 4  i
|

204 5 . 0

z i n c 1 04 4 . 4  1 172 4 . 8 : 255 5 . 4  | 204 5 . 0
1 0 1 : 4 . 0  i 191 4 . 4 1 72 4 . 4  ; 183 4 . 4

p l u s  0 . 3 0 0  gms.
b o r i c  a c i d / L  ! '

1 2 0
1 08

; 4 . 0  j 
' 4 . 0  ‘

184 4 . 4 175 4 . 4  1183 4 . 4

1 1 0 4 . 0 ; 187 4 . 4 174 4 . 4 183 4 • 4
116 4 . 2 1 8 6 4 . 2 : 1 6 5 4 . 2 158 4 . 2  |

p l u s  0 . 4 0 0  g m s. 
b o r i c  a c i d / L

137
124

1 4 . 2  
4 . 2  :

163
I

4 . 2 , 1 6 6  ; 4 . 2 160 4 . 4

126 t 4 . 2  ; 174 4 . 2 i 165 4 . 2 1 5 9 4 . 3  j
148 4 . 2  : 145 ~~47IT r  155 4 . 0 144 4 . 0

p l u s  1 . 0 0 0  gm s.  
b o r i c  a c i d / L

\
-...........

12 7
115

; 4 . 2  -■ 
I 4 . 2  ;

149  ■ 1 4 . 2 1 149  1 4 . 0 149 4 . 0  J

1 3 0 4 . 2  | 147 4 . 2 I 1 5 2 4 . 0  ? 14 7 : 4 . 0
jno b o r i c  ac id 471 3 . 6 389 8 . 4 . 341 r 8 . 8 305 8 . 8
[p lu s  i r o n  
land z i n c

4 7 7
4 8 1

r y  / *  '
O m  6
3 , 6

379
;

8 . 4 1 248  1 8 . 8  1 295 8 . 8

4 76 s . 6  : 384 1 8 . 4 345  : 8 . 8  , 333 8 . 8
[p lu s  0 . 3 0 0  gms. 38X 3 . 6  ! 338 : 8.6T 316 8 . 2  ! 285 8 . 2
; b o r ie  a c i d / L  
p l u s  i r o n

3 71
362

3 . 6
3 . 6

343  i 8 . 0 308 8 . 2 292 8 . 2
i

land z i n c 373 3 . 6 381 i 8 . 0 ! 3 1 2  ; 8 . 2  1 288  f 8 . 2
i a l n s  0 * 4 0 0  gms. 26 7 3 . 6  ' 336 T 8 . 0 30 7 ; 8 . 2  j 288 8 . 2
j b o r i c  a c i d / L
jp lu s  i r o n  '

2 75
258

3 . 6
3 . 6  :

328 j 8 . 0 i 3 0 1  ;
i r

8 . 2  j?
i

28 2 ' 8 . 2

land z i n c  ! 267 3 . 6 332  1 8 . 0 ! 304 ; 8 . 2  f 285 1 8 . 2
jp lu s  l .uOQ grns.  i 88 ; 4 . 2  j 268 1 3 . 8 | 326 1 5 . 0 230  ? 5 . 4
j b o r i c  a c i d / L  i 
i'olus i r o n

97
97

4 . 2  
1 4 . 2  |

271  [
'j

t

3 . 8 j 3 17  |

1 ' !
5 . 0  j

j
229 : 5 . 4

land z i n c4, ,  -  — — .... -  —  —  -  ■■ ■■ ■ . . .  - - - - - - - - - - - - - - - - - - - ; 34 1 4 . 2  | 270 t 3 . 8 I 322 1 5 . 0  | 229 5 . 4

(MgS04 - 2 ,  KH2P04 - 1 ,  NHHT03- 4 ,  G lu c o s e  C. P .  3 2 }
(4 0  c c .  o f  s o l u t i o n  p e r  c u l t u r e  i n  125 c c .  P y r e x  P r l e n m e y e r  

f l a s k s ) .

The c o n d i t i o n s  g o v e r n i n g  th e  p r o d u c t i o n  o f  p ig m e n t  by  

F u sa r iu m  r a d i o  i c o l a  a r e  c o m p l e x .  The s i z e  and s h a p e  o f  t h e  

c u l t u r e  v e s s e l  may i n f l u e n c e  t h e  r e s u l t s .  In  T a b le  13  a r e  t h e  

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

E r le n m e y e r  f l a s k s  c o n t a i n i n g  4 0 . 0  c c .  o f  s o l u t i o n .  The medium
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u s e d  was t h e  same a s  s t a t e d  i n  T a b le  1 2 ,  w i t h  s l i g h t l y  d i f f e r e n t  

am ounts  o f  b o r i c  a c i d .  The s e r i e s  o f  b o r i c  a c i d  v a r i a t i o n s  w ere  

d i v i d e d  i n  two l o t s .  To one s e r i e s  25 mm. o f  z i n c  s u l p h a t e  and  

25 mm. o f  f e r r i c  t a r t r a t e  w e re  a d d e d .  The p r e s e n c e  o f  t h e  z i n c  

g r e a t l y  i n c r e a s e d  t h e  g r o w t h  i n  t h e  c h e c k  c u l t u r e s .  The t o x i c i t y  

o f  t h e  b o r i c  a c i d  was i n c r e a s e d  i n  t h e  z i n c  c u l t u r e s .  C o n t r a r y  

t o  e x p e c t e d  r e s u l t s  o n l y  f a i n t  t r a c e s  o f  p ig m e n t  w e re  fo rm e d  i n  t h e  

c u l t u r e s  l a c k i n g  z i n c  and i r o n ,  n o r  was t h e r e  a n y  d e f i n i t e  

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

a c i d ,  i r o n  and z i n c  a t  t h e  end  o f  two w e e k s  had  d e v e l o p e d  an 

i n t e n s e  amount o f  r e d  p ig m e n t  w h ic h  t u r n e d  t o  a b l u i s h - p u r p l e  

c o l o r  a s  t h e  c u l t u r e s  a g e d .  The ch a n g e  from  r e d  t o  b l u e  c o r ­

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

medium, an a l k a l i n e  c o n d i t i o n  c a u s i n g  t n e  p ig m e n t  t o  becom e b l u e .  

The r e s u l t s  do n o t  seem t o  l i n e  up w i t h  t h e  r e s u l t s  o b t a i n e d  i n  

t n e  p r e v i o u s  e x p e r i m e n t s .  H o w ever ,  t n e r e  i s  a g r e a t  d i f f e r e n c e  

i n  t n e  r a t i o  o f  vo lum e o f  l i q u i d  t o  a r e a  o f  l i q u i d  s u r f a c e  b e t w e e n  

a c u l t u r e  i n  a t e s t  t u b e  and one i n  an E r le n m e y e r  f l a s k .  A l a r g e  

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

much q u e s t i o n  f a v o r  v e g e t a t i v e  g r o w t h  more t h a n  w o u ld  t h e  r e v e r s e  

c o n d i t i o n s .  Z inc  and i r o n  may p l a y  some r o l e  i n  t h e  f o r m a t i o n  o f  

su c h  p i g m e n t s  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  Z in c  was n o t  a dd ed  

t o  t h e  t e s t  t u b e  c u l t u r e s  b u t  t h e s e  t u b e s  w ere  n o t  p y r e x  h e n c e  

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

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

f a c t o r s  w h ic h  f u n c t i o n  i n  t h e  d e v e lo p m e n t  o f  p i g m e n t s  by t h i s  

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

d i t i o n s .
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The t o x i c  a c t i o n  o f  b o r i c  a c i d  h a s  b e e n  g i v e n  some 

c o n s i d e r a t i o n ,  ho o u t s t a n d i n g  i n c r e a s e s  i n  v e g e t a t i v e  g r o w t h  

was c o n s i s t e n t l y  o b t a i n e d  by t h e  a d d i t i o n  o f  r e l a t i v e l y  s m a l l  

am ounts  o f  b o r o n .  I t  se em e d  i m p o r t a n t  t o  d e t e r m i n e  what c o n ­

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

g r o w th  o f  s e v e r a l  f u n g i  and a t  what c o n c e n t r a t  i o n  g ro w th  was  

i n h i b i t e d .  The r e s u l t s  o f  s u c h  a s t u d y  a r e  g i v e n  i n  T a b le  1 4 .

The c u l t u r e s  w e re  a l l  i n n o c u l a t e d  on t h e  same u a y  and s t o r e d  u n d e r  

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

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

a c i d  i s  n o t  u n i f o r m  i n  i t s  t o x i c  a c t i o n  on a v a r i e t y  o f  f u n g i ,  and  

t h a t  r e l a t i v e l y  s t r o n g  c o n c e n t r a t i o n s  a r e  n e c e s s a r y  t o  i n h i b i t  

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

b o r i c  a c i d .  I t  was i n t e r e s t i n g  t o  n o t e  t h a t  two s p e c i e s  F . 2 4 2  and  

F . 1 4 1  w h ic h  a r e  s l o w  i n  g r o w t h  and n e v e r  make a s  l a r g e  a d r y  

w e i g h t  y i e l d  ( S e e  T a b le  20 and F i g u r e  I I )  a s  some o f  t h e  o t h e r  

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

a c i d  t h a n  some more r a p i d l y  g r o w i n g  s p e c i e s .  Tne w h i t e - s p o r e d  

A s p e r g i l l u s  1 1 7  was u n a b l e  t o  make more t h a n  a t r a c e  o f  m y c e l iu m  

i n  a n y  c u l t u r e s .  A s p e r g i l l u s  4 2 4 7w and o d o 4 c  w e re  a b l e  to  grow  

o v e r  a w id e  r a n g e  o f  t n e  a c i d  c o n c e n t r a t i o n .  Both  A s p e r g i l l i

w e re  r e t a r d e d  i n  s p o r e  p r o d u c t i o n  and e v e n t u a l l y  i n h i b i t e d  i n  c o n ­
c e n t r a t i o n s  v/here a f a i r l y  g o o d  v e g e t a t i v e  g r o w th  was p o s s i b l e .

( S e e  F i g u r e  1 0 ) .  The pH o f  t h e  f i l t r a t e s  v a r i e d  somewhat w i t h  

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

was i n  d i r e c t  p r o p o r t i o n  t o  t h e  t o t a l  g r o w t h . H ow ever ,  A s p e r g i l l u s  

n i g e r  4 2 4 7w was an e x c e p t i o n  a p p a r e n t l y  due t o  t n e  f o r m a t i o n  o f  

o r g a n i c  a c i d s .  Tne i n c r e s e  i n  t h e  H - i o n  c o n c e n t r a t i o n  due t o
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T a b le  1 4 .  T o x i c i t y  o f  B o r i c  A c id  t o  d i f f e r e n t  f u n g i  mien grown  
u n d e r  s i m i l a r  c o n d i t i o n s .

Gms. 3 .  A. 
p e r L . 0 1 1 2 I 4

! I i
■ 6 : 3  ; 1C 12 \ 14 16 18 20

s e r i e s
number i  i 2 i 3  ^ 4 5 6 7 8

i
9 10 11 12

o r i g i n a l  
PH . _

j
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As D . 
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s
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_ a

s s
’4"
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s u c iii e r  g e c. 
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528 4 4 : i 0 | ! 1 i

6.6" 6 . 0 5 . 4 4 . 6 ! { i !
F u s . m m m i :
658 5 4 1 0 t j 1

7 . 2 6 . 4 5 . 8 4 . 6 [ j
F u s . m m rn j i
701 5 4 1 0 1 |

7 . 4 7 . 2 6 . 8 6 . 4 5 . 0 4 . 4 4 . 4
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6 . 8 6 . 4  1 6 • 2 6 . 2 5 . 8 5 . 4 5 . 2 4 . 4 4 . 4 i
Fus • 01 m m m m rn m m S I
.244 4 4 4 4 3 1 1 is 0 \

6 . 4 6 . 4 6 . 6 6 . 6 ' 6 . 0 5 . 0 4 . 8 4 . 6 4 . 6 4 . 6  ' 4 . 4 4 . 2  1
Fus . m m m m m s s s s s s f
1 41 3 3 3 3 2 1 i

. ~s s i£ 1 1 2 4
' 4 . 8 4 . 2 4 . 2 2 . 6 2 . 4 3 . 8 4 . 2 4 . 4 4 . 4 , 4 . 2

A sp .  
4 2 4  7w

. m 
i 5

m
5

m
5

m
4

m
2

m
2

rn 
: 1

m-i
...

m-1
2 1 01 7 . 0 7 . 0 6 . 8 6 . 8 6 . 4 6 . 2 ; 6 . 0 , 5 . 6 5 . 2 ! 4 . 6  4 . 2 4 . 2  1

A s p . ; m m m j m i m m m ; m m ! m in . S |
3 5 3 4 c 5 5 5 5 i 4 4 i 4 3 2 ! 2.... _ , . 1 J A ! —2______ L
( 2JgS0 4 - 3 , KHgP0 4 - £ ,  KETOg-5, s u c r o s e ,  Q ,u a k . -3 0 ,  z i n c  s u l p h a t e - 0 . 0 5 0 )  
( A l l  c u l t u r e s  i n  t e s t  -cubes,  c o n t a i n i n g  t h e  n u t r i e n t  s o l u t i o n  t o  a  

d e p t h  o f  3 . 5  cm. ) D u p l i c a t e  c u l t u r e s  u s e d .

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

t h e  e x h i b i t e d  t o x i c i t y  s i n c e  A. n i g e r  4247w i n  c u l t u r e s  4 arid 5

i n c r e a s e d  t h e  a c t i v e  a c i d i t y  more t h a n  d i d  any  c o n c e n t r a t i o n  o f

t n e  add ed  a c i d .  The s p o r e s  o f  t h i s  f u n g u s  a l w a y s  f l o a t  on t h e
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F i g .  1 0 .  T e s t  t u b e  c u l t u r e s  o f  A s p e r g i l l u s  n i g e r  4 2 4 7w i n  m ed ia  
c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  or  b o r i c  a c i d .  ( S e e  T a b le  
1 4 )  U o t e  t h a t  i n  c u l t u r e s  6 and 7 s p o r e  p r o d u c t i o n  h a s  b e e n  
i n h i b i t e d .

s u r f a c e  o f  t h e  l i q u i d  and a s  a r e s u l t  c u l t u r e s  8 and 9 i n  F i g u r e  

10 show b l a c k  m a s s e s  o f  s p o r e s  u s e d  i n  t h e  i n n o c u l a t i o n .  T hese  

s p o r e s  g e r m i n a t e d  b u t  made o n l y  a weak g r o w th  a n d  d i d  n o t  p r o d u c e  

a new c ro p  o f  s p o r e s .

S i n c e  v e g e t a t i v e  g r o w th  i s  so  c l o s e l y  r e l a t e d  t o  t h e  

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

i t  seem ed  l i k e l y  t h a t  t h e  t o l e r a n c e  o f  b o r i c  a c i d  m ig h t  v a r y  w i t h  

t h e  a m oun ts  o f  t h e s e  f o o d  m a t e r i a l s  i n  t h e  c u l t u r e  medium.
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F i g .  1 1 .  T e s t  t u b e  c u l t u r e s  o f  F u s a r iu m  su lp h u ru m  2 2 4  and  
F a s a r iu m  s o l a n i  658 i n  m e d ia  c o n t a i n i n g “d i r f e r e n t  ~ c o n e e n t r a t i o n s  
o T l o r l c '  aci'd.""™ ( S e e  T a b le  1 4 ) .  N ote  t h a t  F .  244 was a b l e  t o  
t o l e r a t e  a h i g h e r  c o n c e n t r a t i o n  o f  b o r i c  a c i d ,  t h a n  F .  6 5 8 .

A s p e r g i l l u s  n i g e r  4247w  was c u l t u r e d  f o r  21 d a y s  i n  m ed ia  c o n ta in * -  

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

The r e s u l t s  a s  i n d i c a t e d  by  t h e  d r y  w e i g h t s  o f  t h e  m y c e l i a l  m ats  

p r o d u c e d  i n  t e s t  t u b e  c u l t u r e s  a r e  p r e s e n t e d  i n  T a b le  1 5 .  These  

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

l a r g e  m ea su re  i n f l u e n c e d  by t h e  c o m p o s i t i o n  o f  t h e  s u b s t r a t u m ,  

e s p e c i a l l y  t h e  s u p p l y  o f  a v a i l a b l e  c a r b o n .  T h ese  r e s u l t s  s u g g e s t
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T a b le  1 5 .  The e f f e c t  o f  t h e  n u t r i e n t  s o l u t i o n  on t h e  t o l e r a n c e  
o f  b o r i c  a c i d  by A s p e r g i l l u s  n i g e r  4 2 4 7w, a s  i n d i c a t e d  by th e  
w e i g h t  i n  m i l l i g r a m s  o f  t h e  d r i e d  m y c e l iu m .

M edia B o r i c  a c i d  i n  grams p e r l i t e r
u s e d 0 . 0 0 1 . 0 0  [ 4 . 0 0 6 . 0 0  T 8 . 0 0 1 1 0 . 0 T o t a l s

g l u c o s e  6 . 0  
g r a m s /L  
KNO3 - I . O 65

!

69 59 51 9

'

10 212
g r a m s/ L :! j

g l u c o s e - 2 4 . 0  
KITOr- I . O 1 6 3 15 7 j 1 6 1 1 1 7 109 13 720
g l u c o s e - 6 . 0  
KMO3- I O . 0 97 86 88 65 : IQ 11 357
g l u c o s e - 2 4 . 0
KNO3 -IO .O 243 229 ! 2 33 200  : 1 55 54 1 0 1 4
v e r t i c a l .. . .

t o t a l s 568 5 4 1  | 5 42 4 34 2 83 88
(MgS0 4 - 2 , KH2PO4 - I ,  no z i n c  a d d e d )
( c u l t u r e s  i n  t e s t  t u b e s  c o n t a i n i n g  10 c c .  o f  s o l n .  ) 
( a l l  c u l t u r e s  i n  t r i p l i c a t e )

t h a t  th e  amount o f  any  t o x i c  s u b s t a n c e  r e q u i r e d  t o  i n h i b i t  th e  

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

s u b s t r a t u m .

6 .  RESPONSES TO MANGANESE.

T h ere  h a s  b e e n  some d i s a g r e e m e n t  i n  r e g a r d  t o  t h e  m angan ese  

r e q u i r e m e n t s  o f  f u n g i .  R i c h a r d s  ( 3 8 )  fo u n d  t h a t  A s p e r g i l l u s  n i g e r  

P e n i c i l l i u m  g l a u c u m , and B o t r . y t i s  c i n e r e a  r e s p o n d e d  to  t r a c e s  o f  

m a ngan ese  c h l o r i d e .  T h ese  o r g a n i s m s  d i d  n o t  show an e q u a l  r e s p o n s e  

and he c o n c l u d e d  t h a t  many f u n g i  may be s t i m u l a t e d  by m angan ese  

b u t  i t  i s  n o t  to  be  e x p e c t e d  t h a t  a l l  f u n g i  w i l l  r e s p o n d  t o  t h e  

same d e g r e e .  Loew a n d  Sawa ( 2 9 )  were  n o t  a b l e  t o  d e t e c t  any  b e n e ­

f i c i a l  a c t i o n  o f  m a n g a n e s e .  B e r t r a n d  and J a v i l l i e r  ( 4 , 5 )  u s i n g  

m angan ese  s u l p h a t e  fo u n d  t h a t  one p a r t  o f  m an g a n ese  i n  2 5 , 0 0 0 , 0 0 0  

s u b s t a n t i a l l y  i n c r e a s e d  t h e  y i e l d s  o f  A s p e r g i l l u s  n i g e r . They a l s o
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f o u n d  t h a t  m anganese  and z i n c  u s e d  t o g e t h e r  g a v e  b e t t e r  y i e l d  t h a n  

when e i t h e r  was u s e d  a l o n e .  In  a f o u r  d ays  o l d  c u l t u r e  s e r i e s ,  

t h e  f o l l o w i n g  r e s u l t s  w e re  o b t a i n e d :  Check—  1 . 3 1  g m s . ;  z i n c ,

1 - 3 0 0 , 0 0 0  — 3 . 1 8  g m s . ;  m a n g a n e s e , 1 - 1 0 , 0 0 0  - -  £ . 1 0  g m s . ;  z i n c  and  

m a n g an ese  - -  3 . 7 2  gm s.  ( d r y  w e i g h t  o f  m y c e l iu m  e x p r e s s e d  i n  g r a m s ) .  

S a u t o n  ( 4 5 )  c l a i m s  t h a t  m angan ese  i s  e s s e n t i a l  f o r  n o r m a l  s p o r e  

p r o d u c t i o n  by A s p e r g i l l u s  f u m i g a t u s . No s a t i s f a c t o r y  e x p l a n a t i o n  

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

f u n g u s  m e t a b o l i s m .

In  th e  t im e  a v a i l a b l e  i t  h a s  n o t  b e e n  p o s s i b l e  t o  make a 

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

o f  m in u te  t r a c e s  o f  m a n g a n e s e .  A p o s i t i v e  r e s p o n s e  was o b t a i n e d  

w i t h  F u s a r iu m  r a d i c i c o l a  a nd  F u sa r iu m  s u lp h u r e u m , t o  t h e  a d d i t i o n  

o f  50  mm. o f  manganous s u l p h a t e .  A c c o r d i n g  t o  th e  r e s u l t s  p r e ­

s e n t e d  i n  f a b l e  1 6 ,  z i n c  was more e f f e c t i v e  t h a n  m a ngan ese  i n  i n ­

c r e a s i n g  t h e  d ry  w e i g h t  o f  t h e  m y c e l iu m .  The c u l t u r e s  t o  w h ic h  

z i n c  had  b e e n  a d d ed  fo r m e d  m ats  w i t h  a g r e a t e r  t o u g h n e s s  and  a  

more w r i n k l e d  s u f a c e  t h a n  i n  t h e  o t h e r  two c u l t u r e  s e r i e s .  A l t h o u g h  

t h e  two f u n g i  a r e  d i f f e r e n t  i n  t h e i r  g r o w t h  r a t e  a n d  u t i l i z a t i o n  o f  

th e  s u g a r  i n  d r y  w e i g h t  p r o d u c t i o n ,  t h e i r  r e s p o n s e s  t o  t h e  m anganese  

and z i n c  a r e  o f  t h e  same o r d e r  o f  m a g n i t u d e .

An e x p e r i m e n t  was d e s i g n e d  t o  s t u d y  t h e  e f f e c t s  o f  u s i n g  

d i f f e r e n t  am ounts  o f  manganous s u l p h a t e  i n  a medium p l u s  and m inus  

z i n c  s i n c e  B e r t r a n d  and J a v i l l i e r  f o u n d  t h a t  a  b e t t e r  g r o w t h  c o u l d  

be o b t a i n e d  i f  t h e s e  e l e m e n t s  w ere  b o t h  p r e s e n t .  The d i f f e r e n t  

c u l t u r e  s e r i e s  a r e  e x p l a i n e d  i n  T a b le  1 7 .  l u r i n g  t h e  s t e a m  

s t e r i l i z a t i o n  p r e c i p i t a t e s  a p p e a r e d  i n  some o f  t h e  s e r i e s  o f  c u l t u r e s .
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T a b le  1 6 .  Growth r e s p o n s e s  o f  F u sa r iu m  r a d i c i c o l a  and F u sa r iu m  
su lp h u r e u m  t o  t h e  p r e s e n c e  o f  z i n c  a n d  m angan ese  i n  t h e  medium.

C u l t u r e m e d ia  e m p lo y e d
p l u s  | p l u s

O rgan ism s mang a n e s e  ; c h e c k z i n c
u s e d dry T p h  ; dry I PH dry ! pH

c u l t u r e s  14 wt s . o f w t s . o f w t s . o f
d a y s  o l d mgs. 1 f i l .  ! mgs. ! f i l . mgs. f i l

827 : 8 . 0  ! 717 S 7 . 2
8 63 ! 8 . 2  ! 638 : 7 . 0

FU8ARIUM 848 ! 8 . 0  I 691 ! 7 . 2 926 8 . 0
RADICICOLA 868 8 . 0  | 688 : 7 . 2 936 8 . 0

839 8 . 0  j 651 1 7 .2 901 8 . 0
849 8 ."O' j 677 I 7 . 2 921 8 . 0
344 ; 6 . 2 251 : 5 . 8
331 6 • 2 ‘ 241 5 . 8

FUSARIUM 326 6 .  £ 241 5 . 8 391 6 . 8
sulphuiuium 33S l 6 . 2 19 6 ! 5 . 4 4 0 0 6 . 8

340 ■ 6 . 2 249 i 6 . 0 409 6 * 8
336 ! 6 . 2  i 236 ! U78 4 00 6 . 8

(M£S04 - 2 ,  KLTOg-5 , KH0PO4 - 2 , sue  r 0 s e C r y . Dorn. 4 0 )
( Manganous s u l p h a t e -  50  mm• / L .  z i n c s u l p h a t  e - 5  Omm. / h . }
( c u l t u r e s  w i t h  60 c c . o f  s o l n .  in  250 c c .  P y r e x  f l a s k s )
( o r i g i n a l  pH o f  medi a - 4 . 4 - 4 . 6  )

T h is  p r e c i p i t a t e  w as  r e a d i l y  d i s o l v e d  w i t h  a l i t t l e  h y d r o c h l o r i c  

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

a c i d .  The o r i g i n a l  p l a n  ’was t o  u s e  F u sa r iu m  r a d i c i c o l a  a s  t h e  

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

t e n d e n c y  o f  t h i s  f u n g u s  t o  d e c r e a s e  t h e  a c i d i t y  o f  t h e  medium. I t  

seem ed  p r o b a b l e  t h a t  A s p e r g i l l u s  n i g e r , due to  t h e  p r o d u c t i o n  o f  

o r g a n i c  a c i d s ,  w o u ld  be a b l e  t o  d i s s o l v e  t h e  p r e c i p i t a t e s  and t h u s  

p r e v e n t  a s e r i o u s  e r r o r  i n  m aking dry w e i g h t  d e t e r m i n a t i o n s  o f  th e  

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

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

The dry  w e i g h t s  o f  t h e  m ats  i n  T a b le  18 show t h a t  m anganese  

c a u s e d  an a c c e l e r a t i o n  o f  g r o w t h  when u s e d  a l o n e .  There  i s  no  

e v i d e n c e  t h a t  g r o w t h  i s  i n c r e a s e d  by u s i n g  b o t h  m angan ese  a n d  z i n c
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T a b le  1 7 .  C o m p o s i t io n  o f  t h e  
r e s p o n s e  o f  A s p e r g i l l u s  n i g e r

c u l t u r e s  
( 4 2 4 7w)

s e r i e s  
to  z i n c

u s e d  i n  
a n d  mang

s t u d y i n g  
? a n e s e .

t h e

S e r i e s number r~ s - i S- 2 S - 3 S - 41
S - 5

Gms. MnS0 4 / l i t e r ; 0 . 0 0 0 0 . 0 0 5 0 . 0 5 0 0 . 2 0 0 1 . 0 0 0
Media Humber o f  c u l t u r e s 12 12 12 12 12

m inus
pH o f  m ed ia  b e f o r e  
s t e a m  s t e r i l i z a t i o n I 5 . 0

............ I
5 . 0 5 . 0 4 . 8 4 . 2  j

z i n c
pH! o f  m e d ia  a f t e r  
s t e a m  s t e r i l i z a t i o n

1
! 7 . 0 6 . 8 6 . 6 6 . 4 6 . 2

P r e c i p i t a t e  a f t e r  
s t e r i l i z a t i o n

ij
i none t r a c e

f a i n t
t r a c e

f a i r l y
h e a v y h e a v y

S e r i e s  number
; i

j S- 6 S - 7 S- 8 S -9 S - 1 0
Gms. MnSQ4 / j _ . i t e r | 0 . 0 0 0 0 . 0 0 5 0 . 0 5  0 0 . 2 0 0 1 . 0 0 0

Media Humber o f  c u l t u r e s 12 12 12 12 12

p l u s
pH o f  m ed ia  b e f o r e  
s t e a m  s t e r i l i z a t i o n

|
| 4 . 6 4 . 6 4 . 6 4 . 4 4 . 4

z i n c
pH o f  m edia  a f t e r  
s t e a m  s t e r i l i z a t i o n . 6 . 4 6 . 4 6 . 4 6 . 4 6 . 2
P r e c i p i t a t e  a f t e r  
s t e r i l i z a t i o n j t r a c e  | t r a c e

f a i r l y
h e a v y

f a i r l y
h e a v y h e a v y

(MgSQ4 “ 2 , U rea  - 4 ,  KH2PO4 - 2 , z i n c  s u l p h a t e  - 0 . 0 5 0 ,  and S u e r o s e ,  
C. P .  Merk, - 3 0 ) .

(4 0  c c .  o f  s o l n .  p e r  c u l t u r e  in  125  c c .  P y r e x  f l a s k s . )

i n  t h e  same medium. H ow ever ,  t h e  p r e s e n c e  o f  t h e  p r e c i p i t a t e s  may 

h a v e  had  some e f f e c t  on t h e  g r o w t h  o f  t h e  f u n g u s .  Z inc  c a u s e s  a 

g r e a t e r  a c c e l e r a t i o n  and a l a r g e r  p r o d u c t i o n  o f  d r y  w e i g h t  t h a n  

m a n g a n e s e .  At t h e  t h i r d  h a r v e s t  p e r i o d  a u t o l y s i s  i s  e v i d e n t  i n  

a l l  s e r i e s  e x c e p t  t h e  c h e c k s  ( S - l ) • I n  a l l  s e r i e s  t h e  pH o f  th e  

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

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

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

n e u t r a l i z a t i o n  c a u s e d  by ammonia r e l e a s e d  d u r i n g  a u t o l y s i s .
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T a b le  1 8 .  Growth r e s p o n s e s  o f  A s p e r g i l l u s  n i g e r  4 2 4 7w to  z i n c  and  
m anganese  when u s e d  a l o n e  and t o g e t h e r  i n  t h e  medium.

I CULTURE 
SERIES

1

T Age o f c u l t u r e s when h a r v e s t e dI
! 8 d a y s 15 d a y s 22 d a y s
! dry  

wt s . 
m gs.

pH
o f

f i l .
w t s .  

m g s .

I PH 
o f
f i l .

dry  
w t s .  

mgs.

| PH 
I o f
j f i l .

| S - l 215 2 . 8 j 4 0 3 2 . 8 448 1 4 . 6

! S - 2 336 2 . 6 439 2 . 6 4 4 1
!■

6 . 0

i S - 3 316 2 . 6 485 2 . 4 4 5 1
! ] 

6 . 0

1 S - 4 309 2 . 6 5 11 2 . 4 452 6 . 0

! 3 - 5 312 2 . 6 508 2 . 6 4 4 4 6 . 4

8 - 6 610 3 . 2 5 4 2 6 . 4 45 0 7 . 2

S - 7 565 2 . 8  | 565 6 . 0 45 7 7 . 2

S - 8 5 5 0 2 . 8 591 6 . 0 447 7 . 2

| ..... ..... S -9  . 5 2 7 2 . 8 637 6 . 0 4 3 8 7 . 2

S - 1 0
i---------

550 4 . 0 511 6 . 6 4 5 4 7 . 2

( B o t h  w e i g h t s  a n d  pH v a l u e s  a r e  t h e  a v e r a g e s  o f  t r i p l i c a t e  c u l t u r e s )

The r e s u l t s  g i v e n  i n  T a b l e s  16 and 18 l e a d  to  t h e  c o n ­

c l u s i o n  t h a t  m a n ga n ese  s u p p l i e d  a s  manganous s u l p h a t e  w i l l  i n c r e a s e  

t h e  g r o w th  r a t e  and t h e  t o t a l  d r y  w e i g h t  o f  th e  m y c e l i a l  m ats  t o  

a p p r o x i m a t e l y  t h e  same d e g r e e  w i t h  e i t h e r  F u sa r iu m  r a d i c i c o l a ,

F u s a r iu m  s u l p h u r e u m , o r  A s p e r g i l l u s  n i g e r . The r o l e , t h a t  m ang an ese  

p l a y s  i n  t h e  m e t a b o l i s m  o f  t h e s e  f u n g i  i s  s t i l l  o b s c u r e .
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7• RESPONSES TO ZINC.

I t  n a s  b e e n  d e f i n i t e l y  p r o v e n  t h a t  some f u n g i  make a  

b e t t e r  v e g e t a t i v e  g r o w th  when z i n c  i s  p r e s e n t  i n  t h e  c u l t u r e  medium.  

I n  m ost  o f  t h e s e  c u l t u r e  s t u d i e s  s t r a i n s  o f  A s p e r g i l l u s  n i g e r  

w e r e  u s e d  a s  t h e  t e s t  o r g a n i s m s .  Some o f  t h e  r e s u l t s  o f  Ihe e a r l y  

i n v e s t i g a t o r s  do n o t  a g r e e  on t h e  z i n c  r e q u i r e m e n t s  o f  t h i s  f u n g u s .  

H ow ever ,  t h i s  d i f f e r e n c e  o f  o p i n i o n  may be due t o  t h e  f a c t  t h a t  

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

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

m ed ia  e m p lo y e d .

R a u l i n  ( 3 9 )  c o n s i d e r e d  z i n c  a s  an e s s e n t i a l  e l e m e n t  f o r  

f u n g i  and was c o n v i n c e d  t h a t  0 . 0 7 0  grams o f  z i n c  s u l p h a t e  i n  1 5 0 0  c c .  

o f  c u l t u r e  s o l u t i o n  was s u f f i c i e n t  t o  m eet  t h e  n orm al  r e q u i r e m e n t s .  

R i c h t e r  ( 4 3 )  r e p o r t s  a  g r o w th  s t i m u l a t i o n  o f  A s p e r g i l l u s  n i g e r  w i t h  

1 / 7 0 0 , 0 0 0  gram m o l e c u l e  o f  z i n c  s u l p h a t e ,  w h i l e  c o n c e n t r a t i o n s  

a b o ve  1 / 6 0 0  a r e  t o x i c .  Coupin  ( 1 2 )  was n o t  a b l e  t o  d u p l i c a t e  t h e  

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

w ere  n o t  n e c e s s a r y  f o r  S t e r i g m a t o c . y s t i s  n i g r a . ( S t e r i g m a t o c y s t i s  

n i g r a  i n  t h e  e a r l y  l i t e r a t u r e  i s  p r o b a b l y  t h e  same a s  A s p e r g i l l u s  

n i g e r ) .  L e p i e r r e  ( 2 6 ,  2 7 ,  2 8 )  c l a i m e d  t h a t  a e r i a t i o n  was t h e  

d e c i d i n g  f a c t o r  i n  d e t e r m i n i n g  t h e  amount o f  g r o w th  i n  c u l t u r e s  o f  

S t e r i g m a t o c y s t i s . He was  a b l e  t o  o b t a i n  normal g r o w th  w i t h o u t  

z i n c ,  p r o v i d e d  t h e  r a t i o  o f  volume o f  l i q u i d  to  s u r f a c e  e x p o s e d  

was g r e a t e r  t h a n  two t o  o n e .  The r e s u l t s  o f  R i c h a r d s  ( 4 1 )  show  

d e f i n i t e  i n c r e a s e s  i n  th e  g r o w th  o f  A s p e r g i l l u s  n i g e r , P e n i c i l l i u m  

g la u c u m ,  and B o t r y j t i s  c i n e r e a  w i t h  a 0 . 0 0 2 ^  c o n c e n t r a t i o n  o f  z i n c  

s u l p h a t e  i n  a v a r i e t y  o f  c u l t u r e  m e d i a .  More r e c e n t  work by
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J a v i l l i e r  ( 1 8 ) ,  S t e i n b e r g  ( 4 7 ) ,  B o r t e l s  ( 6 ) ,  and R ob erg  ( 4 4 )  p r o v e  

t h a t  s i n e ,  when a d d ed  i n  s m a l l  a m o u n t s ,  g i v e s  marked i n c r e a s e s  i n  

v e g e t a t i v e  g r o w t h  and t h a t  t h i s  a c t i o n  i s  e v e n  g r e a t e r  i n  t h e  

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

The manner i n  w h ic h  m in u te  t r a c e s  o f  z i n c  f u n c t i o n  i n  t h e  

g r o w t h  and d e v e lo p m e n t  p r o c e s s e s  i s  n o t  t h o r o u g h l y  u n d e r s t o o d .

Z in c  h a s  b e e n  c o n s i d e r e d  a s  b o t h  an e s s e n t i a l  e l e m e n t  and a 

s t i m u l a n t .  U n f o r t u n a t e l y , m ost  o f  t h e  i n v e s t i g a t o r s  r e p o r t  g r o w t h  

m easurem ent  b a s e d  on one h a r v e s t  o f  c o m p r a t i v e l y  young  c u l t u r e s .

Due t o  d i f f e r e n c e s  i n  t h e  g r o w t h  r a t e  and t h e  r a t h e r  sh a r p  d e c r e a s e  

from  t h e  maximum w e i g h t  c a u s e d  by a u t o l y s i s ,  t h e  one h a r v e s t  m ethod  

d o e s  n o t  g i v e  a  c o m p l e t e  s t o r y .  M ea su rem en ts  s h o u l d  be t a k e n  on a 

c u l t u r e  s e r i e s  a t  f r e q u e n t  i n t e r v a l s  d u r i n g  t h e  g r o w in g  p e r i o d  o f  

t h e  o r g a n i s m .  The a c t i o n  o f  z i n c  e i t h e r  a s  an e s s e n t i a l  or  a  

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

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

by R ob erg  ( 4 4 )  on t h e  r e s p o n s e s  o f  A s p e r g i l l u s  n i g e r  i n d i c a t e  

t h a t  z i n c  i s  e s s e n t i a l  f o r  a l a r g e  a n d  r a p i d  g ro w th  w h i l e  t h e  

a b s e n c e  o f  z i n c  p r a c t i c a l l y  i n h i b i t s  g r o w t h .  J a v i l l i e r  ( 1 8 )  

t h o u g h t  that z i n c  f a v o r e d  t h e  p r o d u c t i o n  o f  t h e  enzym e,  s u c r a s e ,  

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

t h e  enzyme i s  t h e  c a u s e  or  t h e  effect of a c c e l e r a t e d  g r o w t h .  

S t e i n b e r g  ( 4 7 )  s u g g e s t s  that zinc s a l t s  a r e  e f f e c t i v e  ow.ing t o  

t h e i r  a b i l i t y  to  h y d r o l i z e  i n  a q u e o u s  s o l u t i o n s  t h u s  c a u s i n g  a  

b e n e f i c i a l  i n c r e a s e  in a c i d i t y .  He s u p p o r t s  t h i s  v i e w  w i t h  a 

s e r i e s  o f  e x p e r i m e n t s  i n  w hich  he o b t a i n e d  g r o w th  resx^onses  

s i m i l a r  t o  t h o s e  w i t h  z i n c ,  by t h e  a d d i t i o n  o f  a c i d s  t o  t h e  

c u l t u r e  medium. O th er  t h e o r i e s  h a v e  b e e n  a d v a n c e d  w h ic h  s u g g e s t
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T a b le  1 9 .  Growth r e s p o n s e s  o f  f i v e  f u n g i  to  t h e  p r e s e n c e  o f  f i f t y  
m i l l i g r a m s  o f  z i n c  s u l p h a t e  p e r  l i t e r  o f  c u l t u r e  s o l u t i o n .

—*— “■ Age 0 f  c u l t u r e s a t  f i r s t and s e c o n d  h a r v e s t
10  days 15 d a y s

llame o f m in u s  j p l u s m inus p l u s
z i n c z i n c z i n c z i n c

f u n g i d ry | pH 1 d r y I PH dry | PH dry PH
w t s . Of ! w t s . ! o f w t s . i o f w t s . o f

u s e d m g s . 1 f i l *  | mgs f i l . mgs. f i l * m g3. f i l .

22 ' 3 . 6  1 36 ; 3 . 6 128 i 3 . 6 397 6 . 4
P h i z o p u s 23 3 . 6 40 3 . 6 1 1 3 i 3 . 6 3 92 6 . 4
n i g r i c a n s a v . T S 3 . T 38 ‘ 3 . 6 1T0' 1 3,6_. 3 94 6 . 4

4 00 r 7 . 8 426 ! 8 . 2 4 5 4 ' 7 . 8 345 8 . 8
F u sa r iu m 4 1 4 7 . 8 456 8 . 4 47 5 ! 7 . 8 335 8 . 8
s o l a n i a v . 4 0 7 7 . 8 442 8 . 3 464 ! 7 . 8 340 8 . 8
F u s a r iu m 91 5 . 8  i 4 2 7 7 . 8 82 j 6 . 8 4 1 7 8 . 6
s u l p h u r - 76 0 . 4 436 7 . 8 88 i 6 . 8 39 7 8 . 6
um afc. "S’S 5 . 6  t 4 3 l 7 . 8 85 i 6 . 8 4 0 7 8 . 6

159 6 . 8 348 8 . 0 326 7 . 2 309 8 . 4
A l t e n a r i a 17 1 6 . 8 310 8 . 0 299 6 . 8 384 8 . 4

s p . a v . 168 • 00 329 8 . 0 3T£ : 7 . 0 376 8 . 4
A s p .  1 1 7 1 11 7 . 2 20 5 . 8 225 7 . 4 40 6 . 2

w h i t e 1 1 7 7 . 2 24 5 . 8 184 i 7 . 4 46 6 . 2
s p o r e s | a v . 1 14 7 . 2 22 5 . 8 205 1 7 . 4 43 '672

(MgSQ4 - £ ,  KH2PO4 - 2 , KMO3 - 5 , S u c r o s e ,  Cry.  Dorn.- 3 2 ,  -Z n S O ^ -O .0 5 0 . )  
( 4 0  c c .  o f  s o l n .  p e r  c u l t u r e  i n  125 c c .  P y r e x  f l a s k s ) .

t h a t  z i n c  a c t s  a s  a c a t y l i s t  e i t h e r  i n s i d e  or  o u t s i d e  t h e  c e l l s  and  

t h a t  z i n c  g i v e s  a p r o p e r  p h y s i o l o g i c a l  b a l a n c e  by t h e  phenomenum o f  

a n t a g o n i s m *

In  t h e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s  one p u r p o s e  was t o  

o b t a i n  more i n f o r m a t i o n  r e g a r d i n g  t h e  n a t u r e  o f  t h e  a c t i o n  o f  z i n c  

and s e c o n d l y  t o  g e t  a c o m p a r i s o n  o f  th e  g r o w th  r e s p o n s e s  o f  s e v e r a l  

f u n g i  grown u n d e r  t h e  same c o n d i t i o n s  t o  z i n c  when added t o  th e  

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

d u p l i c a t e  c u l t u r e s  w ere  h a r v e s t e d  a t  t e n  and f i f t e e n  d a y s  a f t e r  t h e  

i n n o c u l a t i o n .  I t  i s  e v i d e n t  from  t h e  w e i g h t s  o f  t h e  d r i e d  m ats  

g i v e n  i n  T a b le  19 t h a t  t h e  o r g a n i s m s  a r e  n o t  e q u a l l y  s e n s i t i v e  to
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z i n c .  The s t r a i n  o f  A s p e r g i l l u s  a l b u s  c a n d i d u s  was n o t  b e n e f i t t e d ,  

i n  f a c t ,  t h e  g r o w th  i n  t h e  c h e c k  c u l t u r e s  w ere  g r e a t e r  t h a n  i n  t h e  

z i n c  c u l t u r e s  w h ic h  s u g g e s t  t h a t  z i n c  a t  t h e  s t r e n g t h  a p p l i e d  was  

t o x i c .  F u sa r iu m  a u l a n i  p r o d u c e d  h u t  s l i g h t l y  h e a v i e r  m a ts  i n  t h e  

z i n c  c u l t u r e s ,  h o w e v e r ,  t h e  p r e s e n c e  o f  z i n c  seem ed  t o  c a u s e  t h e  

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

pH o f  t h e  c u l t u r e  m ed ia  and a l o s s  i n  w e i g h t  by t h e  l a s t  h a r v e s t .

R. n i g r i c a n s , F .  s u l p h u r e u m , and  t h e  A l t e n a r i a  s p .  show ed  d e f i n i t e  

i n c r e a s e s  i n  d r y  w e i g h t  i n  t h e  z i n c  c u l t u r e s .

The r e s u l t s  o f  a  more d e t a i l e d  and e x t e n s i v e  c o m p a r a t i v e  

s t u d y  a r e  p r e s e n t e d  i n  T a b le  2 0 .  A g a in  i t  i s  e v i d e n t  t h a t  t h e

F i g .  1 2 .  F o u r t e e n  day o l d  c u l t u r e s  o f  t h r e e  F u s a r i a  i n  m e d ia  
w i t h  and w i t h o u t  t h e  a d d i t i o n  o f  50 mm. o f  z i n c  s u l p h a t e  p e r  l i t e r  
o f  c u l t u r e  s o l u t i o n .
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Ta b le  £ 0 .  G-rowth r e s p o n s e s  o f  s i x  F u s a r i a  ( F )  a n d  two A s p e r g i l l i  
(A) i n  a medium p l u s  and m inus  z i n c .

F u n g i
u s e d

J Age o f  c u l t u r e s  a t e a c h h a r v e s t
; 7 da^fS 12 d a y s | 18 d a y s ! 24 d a y s  |

p l u s
and

1 m inus  
1 z i n c

d r y  ] 
w t s . j 
m g s . :

pH
o f
f i l .

dry  
w t s . 
m gs.

| pH 
I o f  
I f i l .

dry
w ts
mgs

I pH 
. ! o f  

f i l .

dry
w t s .
mgs.

I pH 
o f
f i l .  j

1

j F .  l y c o p . 354 * 7 . 4 506
1
; 7 . 4 53 7 8 . 0 548 8 . 2  |

! p l u s  2 : 273 7 . 2 476 ! 7 . 4 619 8 . 0 573 8 . 6  }
I F .  l y c o p . 81 6 . 2 92 : 6 . 2 1 13 6 . 6 133 7 . 0  I
1 m inu s  Z 94 6 . 0  | 96 6 . 4 116 6 . 6 128 7 . 0  1
i F .  5£S 1 2 7 6 . 6  j 4 6 2 6 . 6 657 7 . 8 P 26 8 . 8  1
1 p l u s  Z 140 6 . 6  : 535 7 . 2 633 7 . 8 625 8 . 8  I

F .  528 49 5 . 8  ; 1 5 1 5 . 0 273 4 . 8 1 8 1 4 . 6  i
m in u s  Z 75 5 . 8 133 5 . 0 259 4 . 8 251 4*6  !
F .  608 372 7 . 0  : 464 5 .3 489 C # . 621 8 . 0  |
u l u s  Z 4 0 3 7 . 0  ! 519 6 . 4 5 2 3 6 . 4 644 8 . 0  )

r S 1. 6 6 8 1 6 7 6 . 8  < 6 4 6 6 . 4 458 7 . 2 550 7 . 8  |
m in u s  Z 223 6 . 8 348 6 . 2 45 4 7 . 4 537 7 . 8  |
F .  7”0 I 409 6 . 4  ■ 592 6 . 6 600 8 . 4 5 6 3 8 . 2  i
o l u s  Z 4 0 1 6 . 4 638 7 . 0 595 8 *4 558 8 . 2  [
F .  701 115 6 . 0 542 ? 6 . 4 4 6 7 7 . 6 443 7 . 6  ;
minus  Z 1 2 2 6 . 0 261 6 . 4 4 80 7 . 4 4 3 7 7 . 6  |
F .  £44 8 7 6 . 8 228 6 . 4 341 7 . 4 368 7 . 2
p l u s  Z 81 5 . 8 2 3 2 6 . 3 358 7 . 4 358 7 . 4  |
F .  244 94 5 . 6 1 5 6 ? 5 . 4 1 43 5 . 8 222 7 . 0  i
m inus Z 82 5 . 6 10  7 5 . 2 150 6 . 0 225 7 . 0  !
F .  1 4 1 227 5 . 6 205 4 . 2 337 5 . 6 426 8 . 4  i
u l u s  Z 186 5 . 6 241 4 . 4 350 6 . 4 418 8 . 0  j
F .  1 4 1 1 2 1 5 . 2 133 5 . 6 205 6 . 6 254 7 . 8  !
m inus  Z 109 5 . 2 125 5 . 6 194 6 . 6 2 44 7 . 4  ;
A. 3b 34 c 293 5 . 6 634 6 . 6 589 8 .0 567 8 . 4  s
p l u s  Z 301 5 .  6 635 6 . 6 584 8 .0 5 72 8 . 4  {
A. 0 5 2 4 c 14 7 4 . 2 3 11 3 . 8 507 3 . 8 544 5 . 0  j
minus Z 164 4 . 2 360 3 . 8 4 99 3 . 8 537 4 . 4
A. I l l 69 7 2 . 6 560 2 .6 4 78 2 .8 4 7 3 2 . 8  !

! p l u s  Z 668 2 . 6 5 71 2 .6 482 2 . 3 4 8 1 3 . 0  I
1 A. I l l 202 8 . 4  ' 545 2 . 4 409 2 . 4 371 2 . 4
| m inus  Z 225 2 .4 329 : 2 . 4 4 2 1 2 . 4 380 2 . 4  J

( l I g S 0 4 - 4 , KHpPC4-2, 7/̂ 'TA _ 'Or? 4 ,  S u c r o s e , Comm. Quaker b r a n d - 4 0 ,  z i n c
s a l p  i ia t  e - 0 7 0 5 0 . ) (4 0  8c • p e r c u l t u r e  i n 125  c e . P y r e x f l a s k s ) .
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q u a n i t a t i v e  i n c r e a s e  i n  d ry  w e i g h t  i n  t h e  z i n c  c u l t u r e s  v a r i e s  

g r e a t l y  w i t h  t h e  o r g a n i s m s .  Under t h e  c o n d i t i o n s  o f  t h i s  e x p e r i ­

m e n t ,  z i n c ,  i n  s e v e r a l  c a s e s ,  seem s  t o  f u n c t i o n  l a r g e l y  a s  a n  

a c c e s s o r y  g r o w t h  p r o m o t i n g  a g e n t .  T r a c e s  o f  z i n c  a s  an i m p u r i t y  

may he p r e s e n t  i n  s u f f i c i e n t  am ounts  f o r  a s l o w  y e t  a p p a r e n t l y  

n o r m a l  g r o w t h .  In  a l l  c a s e s  t h e r e  was a v i s i b l e  d i f f e r e n c e  i n  t h e  

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

w e i g h t  o f  m ats  p r o d u c e d  by  F .  s o l a n i  i n  t h e  c h e c k  and t e s t  c u l t u r e s  

w e re  n o t  g r e a t  bu t  t h e  a e r i a l  h y p h a e  in  t h e  z i n c  c u l t u r e s  grew  i n  

c lu m p s ,  g i v i n g  a d i s t i n c t i v e  a p p e a r a n c e  t o  t h e  c u l t u r e s .  ( S e e  

F i g u r e  1 2 ) .  H eavy ,  t o u g h ,  and much d i s t o r t e d  m ats  w e re  d e v e l o p e d  

i n  t h e  z i n c  c u l t u r e s  by F .  e u m a r t i i  i n  sh a r p  c o n t r a s t  t o  t h e  t h i n ,  

sm ooth  s u r f a c e  c o l o n i e s  i n  t h e  c h e c k  c u l t u r e s .  The a p p e a r a n c e  o f  

t h e  c u l t u r e s  o f  F .  e u m a r t i i  528 w ere  q u i t e  s i m i l a r  t o  t h e  c u l t u r e s  

o f  F .  r a d i c i c o l a  7 0 1 .  The m ain  d i f f e r e n c e  b e t w e e n  t h e  c h e c k  and  

t e s t  c u l t u r e s  o f  F . su lphureurn  244 and F .  t r i c o t h e c i o i d e s  1 4 1  was  

i n  t h e  t h i c k n e s s  o f  t h e  m a ts  and a more u n i f o r m  s u r f a c e  g r o w t h  In  

t h e  p r e s e n c e  o f  z i n c .  The two s p e c i e s  o f  A s p e r g i l l u s  p r o d u c e d

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

i n  t h e  m inus  z i n c  c u l t u r e s .

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  none  o f  t h e  e i g h t  f u n g i

l i s t e d  i n  T a b le  20 d e v e l o p e d  a g r e a t e r  a c i d i t y  i n  t h e  z i n c  c u l t u r e s

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

t o  d e c r e a s e  t h e  a c i d i t y  i n  c l o s e  c o r r e l a t i o n  w i t h  t h e  amount o f  

g r o w th  and t h e  a g e  o f  t h e  c u l t u r e .  In  b o t h  c h e c k  and t e s t  c u l t u r e s  

F .  l y c o p e r s i c i  d e c r e a s e d  t h e  a c i d i t y ,  w h i l e  a  s l i g h t l y  d i f f e r e n t  

r e s p o n s e  o c c u r e d  i n  t h e  c a s e  o f  A s p e r g i 1 l u s  f u s c u s  3 5 3 4 c .  There  

was a m arked i n c r e a s e  i n  t h e  a c i d i t y  i n  b o t j i  c u l t u r e  s e r i e s  o f
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T a b le  21 Gro wth r e s p o n s e s  o f  H usarium  i a d i c i c o l a  to d i f f e r e n t
amounts o f  z i n c  s u l p ha t e  s u p p l i e d i n  t h e c u l t u r e  medium.

f Grams ! pH & CD o c u l t u r e s  a t f i r s t , s e c o n d  and th i r d h a r v e s t !
1 o f ! o f 5 d a y s 7 d a y s  j I T  d a y s
! ZnS04 : m ed ia - d r y 1 PH d r y pH ! dry ! pH ;
j u s e d a t w t s . o f w t s . o f wt s • o f
I p e r s t a r t mgs • f i l . m g s . f i l . m g s . f i l
I l i t e r
[ 70 6 . 4 1 9 4 7 . 0 265 7 . 4
! o .o o o 4 . 6 82 6 . 6 1 6 3 6 . 6 261 7 . 4

61 6 . 2 161 6*6 258 7.41
71 6 7 ? 1 7 3 F77 261 7.41

375 8 . 2 515 8 . 4 4 0 2 8 . 8
0 . 0 0 5 4 . 6 379 8 . 2 528 8 . 4 4 1 1 8 . 8 ’

38 7 8 . 2 511 8 . 4 4 0 7 8*8
3 8 0 8 . 2 5 18 8.4" 4 0 7 sTF
347 7 . 8 516 8 . 0 4 4 1 8.6:

: 0 . 0 2 5 4 . 6 354 7 . 8 517 8 . 0 4 5 3 8.6:
367 7 . 8 5 13 8 . 0 4 4 0 8.6:
356 T7S -5T5 8 76 4 4 5 8 . 6
359 7 . 8 5 05 8 . 0 420 8 . 6

0 .1 0 0 4 . 6 351 7 . 8 510 8 . 0 4 2 0 8 • 6
360 7 . 8 500 8 . 0 394 8 .  6
35 7 7 . 8 665 ■870' 4 1 1 8 . 6
336 7 . 6 5 10 7 . 8 4 3 0 8 . 6

0 . 5 0 0 4 . 4 321 7 . 6 504 7 . 8 4 3 2 8 .6 :
334 7 . 6 496 7 . 8 434 8 .6 !
330 776' ?>03 7 .8 8 . 6
1 8 0 6 . 8 4 5 2 7 .4 438 8 . 6

1 . 0 0 0 4 . 2 198 6 . 8 4 6 3 7 . 4 4 1 7 8 .6 :
179 6 . 8 435 7 . 4 4 2 4 8 . 6 !
T8b 6 . 8 4 50 T .'l 4ZZ S . 6 1

26 4 . 2 29 4 .8 1 5 3 5 . 2 |
4 . 0 0 0 3 . 6 25 4 . 2 31 4 . 8 146 5 . 2 ]

26 4 . 2 33 4 . 8 145 5 . 2  j
26' 4."2 3 1 I7TT 1W 5 . 2 j
27 3 . 8 28 3 . 8 30 3 . 8 !

i 8 .0 0 0 3 . 6 28 3 . 8 27 3 . 8 33 3 . 8
s 27 3 . 8 25 3 . 8 36 3 . 8
___  _ F7 3 78 FT 3 . 8 JSZ
(MgS04 - 2 ,  0 ^ - 2 ,  ia iO g -5 ,  s u c r o s e ,  M e r k - 3 2 ,  f e r r o u s  s u l p h a t e - t r a c e }
( 4 0 . 0  c c .  o f  s o l u t i o n  p e r  c u l t u r e  in  125 c c .  f l a s k s )

A s p e r g i l l u s  n i g e r  1 1 1 .  The n a t u r e  o f  t h e s e  c h a n g e s  w i l l  be d i s ­

cussed .  l a t e r  but  i t  s h o u l d  be n o t e d  t h a t  an i n c r e a s e  i n  a c i d i t y  o f  

t h e  medium d o e s  n o t  o f  n e c e s s i t y  p r e c e d e  g row th  a c c e l e r a t i o n .

Time and eq u ip m en t  d i d  n o t  p e r m i t  a  l a r g e  c u l t u r e  s e r i e s  

t e s t  o f  t n e  r e s p o n s e s  o f  s e v e r a l  o r g a n i s m s  t o  d i f f e r e n t  am ounts  o f
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z i n c  s u l p h a t e  i n  t h e  c u l t u r e  medium. The r e s u l t s  o f  one e x p e r i m e n t  

a r e  r e p o r t e d  i n  T a b le  21  i n  w h ic h  F u sa r iu m  r a d i c i c o l a  701 was

c u l t u r e d  f o r  a p e r i o d  o f  e l e v e n  d a y s  i n  a medium w i t h  v a r y i n g  am ounts

o f  z i n c  s u l p h a t e .  The p r e s e n c e  o f  0 . 0 0 5  grams o f  z i n c  s u l p h a t e  p e r  

l i t e r  ( 1 . 1 3  p a r t  z i n c  p e r  m i l l i o n )  was f o u n d  to  be s u f f i c i e n t  t o  

g i v e  a s  g o o d  a g r o w th  a s  much l a r g e r  a m o u n ts .  The c u l t u r e s  c o n ­

t a i n i n g  from  0 . 0 0 5  t o  0 . 5 0 0  grams o f  z i n c  s u l p h a t e  p e r  l i t e r  showed

no m arked d i f f e r e n c e s  i n  t h e  g r o w th  r a t e s  o r  g e n e r a l  a p p e a r a n c e  o f  

t h e  m ats  p r o d u c e d .  The u s e  o f  0 . 0 5 0  grams o f  z i n c  s u l p h a t e  p e r

l i t e r  i n  p r e v i o u s  e x p e r i m e n t s  s u p p l i e d  th e  amount n e c e s s a r y  b u t

n o t  i n  a  c o n c e n t r a t i o n  t h a t  was t o x i c .

A v e r a g e  v a l u e s  o f  t h e  dry  w e i g h t  o f  m ats  and pH c h a n g e s  

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

i n  g r a p h i c  form  i n  F i g u r e  1 3 .  ( C a l c u l a t i o n  o f  a v e r a g e  d ry  w e i g h t  

and pH f o r  c h e c k  c u l t u r e s  - -  7 1 , 1 7 3 ,  and 261 mm. g i v e  a n  a v e r a g e  

v a l u e  o f  168  mm. - -  a l s o  6 . 4 ,  6 . 7 ,  and 7 . 4  g i v e  an a v e r a g e  pH

v a l u e  o f  6 . 8 ) .  T h ere  i s  some e v i d e n c e  o f  t o x i c i t y  when one gram

o r  more o f  t h i s  s a l t  was p r e s e n t  i n  a l i t e r  o f  c u l t u r e  s o l u t i o n .

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

o f  t h e  medium. The e f f e c t  o f  a n  i n c r e a s e  i n  t h e  pH o f  t h e  medium  

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

o r g a n i s m  i n  a c a r e f u l l y  b u f f e r e d  medium so  a s  t o  g i v e  a c o n s i d e r a b l e  

r a n g e  i n  pH. H e r e ,  a s  i n  t h e  s t u d i e s  on t h e  b o r i c  a c i d ,  t o l e r a n c e  

and ammonium n i t r a t e  r e q u i r e m e n t s  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  

b e t w e e n  m e t a l l i c  i o n  t o x i c i t y  and t h e  c o n c e n t r a t i o n  o f  h y d r o g e n  i o n s .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  o r g a n i s m  was a b l e  a f t e r  s e v e n  

d a y s  t o  make a d e c i d e d  g r o w t h  i n  t h e  p r e s e n c e  o f  4 . 0  g m s . / L .  o f  

z i n c  s u l p h a t e ,  and t o  d e c r e a s e  t h e  a c i d i t y  o f  t h e  medium. The pH
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F i g .  1 3 .  The e f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  z i n c  s u l p h a t e  
on t h e  a v e r a g e  w e i g h t  o f  m y c e l i a l  m ats  and t h e  pH c h a n g e s  i n  t h e  
c u l t u r e  medium p r o d u c e d  by F u sa r iu m  r a d i c i c o l a .

o f  t h e  m ed ia  c o n t a i n i n g  4 . 0  and  8 . 0  g m s . / l i .  w ere  i d e n t i c a l  ( 3 . 6 )  

h e n c e  i t  may be  s u g g e s t e d  t h a t  g r o w th  was r e s t r i c t e d  i n  t h e  l a t t e r  

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

o f  z i n c  r a t h e r  th a n  t h e  c o n c e n t r a t i o n  o f  t h e  h y d r o g e n  i o n s .  In  

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

a c i d i t y  w i t h  t h e  g r e a t e r  d e c r e a s e  i n  t h e  p r e s e n c e  o f  z i n c  when  

s u p p l i e d  i n  non  t o x i c  a m o u n t s .  The p r o d u c t i o n  o f  a l k a l i n e  s u b ­

s t a n c e s  i n  t h e  c u l t u r e  medium i s  n o t  c o n s i d e r e d  a s  b e i n g  due 

d i r e c t l y  t o  z i n c  but  a s  t h e  r e s u l t  o f  a norm al  g r o w t h  o f  t h e  f u n g u s  

and a u t o l v t i c  p r o c e s s e s .
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In  a l l  t h e  e x p e r i m e n t s  i n v o l v i n g  a l a r g e  number o f  

c u l t u r e s  i n  t h e  125  cc*  P y r e x  S r l e n m e y e r  f l a s k s ,  i n c u b a t o r  s p a c e  

was n o t  a v a i l a b l e  s o  a s  t o  u s e  a u n i f o r m  i n c u b a t i o n  t e m p e r a t u r e *  

Under s u c h  c o n d i t i o n s  r e s u l t s  o b t a i n e d  one month may be q u i t e  

d i f f i c u l t  t o  e x a c t l y  d u p l i c a t e  a  month l a t e r ,  The d i f f e r e n c e s  i n  

t e m p e r a t u r e  u s u a l l y  r e s u l t  i n  v a r i a b l e  g r o w th  r a t e s *  In  t h e s e  

e x p e r i m e n t s ,  where d e f i n i t e  c o m p a r i s o n s  w ere  d e s i r e d ,  a l l  t h e  

n e c e s s a r y  c u l t u r e s  w e re  i n n o c u l a t e d  on t h e  same day  a n d  s t o r e d  

s i d e  by s i d e  on one o f  t h e  laboratory t a b l e s  a t  room t e m p e r a t u r e ,  

h e n c e  d a i l y  v a r i a t i o n s  i n  t e m p e r a t u r e  w ere  common t o  a l l  c u l t u r e s  

i n v o l v e d *  The one day o l d  c u l t u r e s  o f  the f u n g i  u s e d  t o  s e c u r e  t h e  

d a t a  p r e s e n t e d  i n  T a b le  20 a r e  showh i n  F i g u r e  1 .  In  t h i s  e x p e r i ­

ment 128 i n d i v i d u a l  c u l t u r e s  w ere  i n v o l v e d .  A s l i g h t  ch an g e  i n  th e  

e n v i r o n m e n t a l  c o n d i t i o n s  was common to  e a ch  c o n t r a s t i n g  c u l t u r e  

s e r i e s .

P r e v i o u s  i n v e s t i g a t o r s  h a v e  o f t e n  a t t e m p t e d  t o  compare  

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

An e x p e r i m e n t  was c o n d u c t e d  t o  o b t a i n  a c o m p a r i s o n  o f  t h e  g r o w t h  

r e s p o n s e s  o f  F .  r a d i c i c o l a  701 t o  ammonium n i t r a t e  and u r e a  when 

s u p p l i e d  i n  am o u n ts  e q u i v a l e n t  on t h e  b a s i s  o f  t o t a l  n i t r o g e n ,  i n  

c u l t u r e s  w i t h  and w i t h o u t  z i n c .  Two 15 i n d i v i d u a l  c u l t u r e  s e r i e s  

w e r e  p r e p a r e d  u s i n g  4 . 5 0 6  grams p e r  l i t e r  o f  ammonium n i t r a t e ,  and  

t o  one o f  t h e s e  s e r i e s  z i n c  was s u p p l i e d  a t  t h e  r a t e  o f  50  mm. p e r  

l i t e r *  The dry  w e i g h t s  o f  t h e  m y c e l i a l  m ats  and t h e  c o r r e s p o n d i n g  

pH o f  t h e  c u l t u r e  m ed ia  f o r  f i v e  h a r v e s t s  c o v e r i n g  a p e r i o d  o f  19  

d a y s  a r e  g i v e n  i n  T a b le  2 2 .  U r e a ,  a c c o r d i n g  t o  t h e s e  w e i g h t s ,  

i s  a  p o o r  s o u r c e  o f  n i t r o g e n  i n  t h e  a b s e n c e  o f  z i n c ,  b u t  w i t h  z i n c  

i t  s u p p o r t s  a much more r a p i d  and g r e a t e r  g r o w th  t h a n  ammonium
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T a b le  2 2 .  The e f f e c t  o f  z i n c  on t h e  r e l a t i v e  v a l u e  o f  Urea  a n d  
ammonium n i t r a t e  a s  n i t r o g e n  s o u r c e s  f o r  F u sa r iu m  r a d i c i c o l a .

N i t r o g e n  s o u rcj3S_ _

i Age 
: o f  
! c u l t u r e s  
] a t  
; h a r v e s t

minus*"
i

z i n c

U r e a
: . 2 9 0

p l u s
grams / L .  

z i n c
I

~ " ’ tain .4 
... . d r y

w t s .
m g s .

1 4 1
1 4 2
1 4 3  
1 4 2

Ammonium
... 4 . 5 0 6  ĵe
.s z ih"c“ *, T  „

o f
f i l .

n i t r a t e '  
r^rarns/ L . 

pTus"’_z i h c
d ry  1 pH
w t s . : o f  
m g s.  1 f i l .

dry  
w t s . 
mgs •

| P H  
j o f  
! f i l .

6 . 2  
6 . 2  
6 . 2  

: 6 . 2

d r y  
wt s . 
m gs.

Ph
o f
f i l .

. -

! 6  
1 d a y s

56
66
54  ; 
59

7 . 2  
7 .  2
7 . 2  ^

7 . 0
7 . 0
7 . 0  ;
7 . 0

18 7 
1 64  
184  
178

4 . 0
4 . 0
4 . 0
4 . 0

1 57
156
1 5 2
T5F

2 . 6
2 . 6
2 . 6
2 . 6

! 10  j
; d a y s  j

65
65
60

512
534
516
521

8 . 4  
8 . 6  
8 . 6
6 . 5

234
256
219
236

4 . 0
4 . 0
4 . 0
4 . 0

258  
227  
255  
24 7

3 . 6
3 . 6
3 . 6
3 . 6

1 1 8 7 . 2 4 55 8 . 6 329 4 . 4 4 28 4 . 2
14  : 1 5 1 7 . 0 4 7 8 8 . 8 307 4 . 4 4 3 3 4 . 2

d a y s 143 7 . 0 4 8 1 : 8 . 8 313 4 .  4 429 4 . 2
1 3 1 7 . 0 4 7 1 ; 8 . 8 313 4 . 4 429 4 . 2
151 6 . 3 4 4 1 ; 8 . 6 362 4 . 6 4 1 0 5 . 2

' 16  1 161 7 . 0 4 6 8 8 . 6 322 4 . 6 415 5 , 2
d a y s  ; 148 6 . 8 440 8 . 6 346 4 . 6 4 2 6 5 . 2

1 53 6 . 9 4 50 BT6 343 4 17 5 . 2
218 6 . 6 4 3 0 ' 8 . 4 ! 409 4 . 6 379 6 . 8

19 199 6 . 6 42 0 8 . 4 4 1 0 4 . 6 386 6 . 8
d ays 211 6 . 6 4 12 8 . 4 395 4 . 6 415 7 . 2

; ,, .................-J. 209 6 . 6 4 2 1 i 8 . 4 4 05 . 4 . 6 393  ; 6 , 9
(MgS0 4 - 2 , KHgPO^-S, S u c r o s e ,  C. P .  Merk, -£52, F e r r i c  t a r t r a t e - t r a c e  ) 
(6 0  i n d i v i d u a l  c u l t u r e s - 4 0  c c .  o f  s o l n .  i n  1 2 5  c c .  P y r e x  f l a s k s ) .

n i t r a t e  u n d e r  t h e  same c o n d i t i o n s .  I t  se em s  p r o b a b l e  t h a t  t h e  

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

c o r r e s p o n d i n g  manner due to  t h e  p r e s e n c e  or  a b s e n c e  o f  z i n c .  Z in c  

i n  e f f e c t i v e  am ounts  may be p r e s e n t  i n  one compound and n o t  i n  

a n o t h e r  so  a s  t o  g i v e  m i s l e a d i n g  r e s u l t s  r e g a r d i n g  t h e i r  a c t u a l  

n u t r i t i v e  v a l u e .  H e n c e ,  i t  w o u ld  seem  a d v i s a b l e  t o  i n c l u d e  

s u f f i c i e n t  am o u n ts  o f  t h e s e  e l e m e n t s  w h ic h  are  so e f f e c t i v e  i n  

s m a l l  am ounts  i n  o r d e r  t o  mask r e s p o n s e s  due t o  p o s s i b l e  i m p u r i t i e s  

i n  t h e  d i f f e r e n t  compounds t o  be t e s t e d .
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Sorne o f  t h e  a b o v e  e x p e r i m e n t s  h a v e  p r o v e n  t h a t  a s i n g l e  

s a l t  may be v a r i e d  o v e r  q u i t e  a r a n g e  w i t h o u t  m a t e r i a l l y  i n f l u e n c i n g  

t h e  dry w e i g h t  y i e l d  i f  t h e  c o n c e n t r a t i o n  o f  t h e  o t h e r  n u t r i e n t  

co m p o n e n ts  i s  k e p t  c o n s t a n t .  A s t u d y  h a s  b e e n  made o f  t h e  g r o w th  

r e s p o n s e s  o f  F u sa r iu m  e u m a r t i i  t o  a  s e r i e s  o f  d i f f e r e n t  t o t a l  s a l t  

c o n c e n t r a t i o n s .  In  t h e  e x p e r i m e n t s  d e a l i n g  w i t h  v a r i a t i o n s  o f  

s i n g l e  s a l t s ,  c h e c k  s e r i e s  w ere  n o t  u s e d  su ch  t h a t  w o u ld  show t h e  

e f f e c t  t h e  ad d ed  z i n c  h a d  on t h e  amount o f  t h e  s a l t  r e q u i r e d  to  

g i v e  t h e  h i g h e s t  y i e l d .  T h ese  e x p e r i m e n t s  d i d  n o t  p r o v e  the  

p r e s e n c e  o r  a b s e n c e  o f  t r a c e s  o f  z i n c  a s  i m p u r i t i e s .  I f  z i n c  i s  

p r e s e n t  i n  e f f e c t i v e  am ounts  a s  an i m p u r i t y ,  an i n c r e a s e  i n  t h e  c o n ­

c e n t r a t i o n  o f  non t o x i c  s a l t s  s h o u l d  be f o l l o w e d  by a n  i n c r e a s e  i n  

y i e l d  t h r o u g h o u t  t h e  s e r i e s  u n t i l  t h e  z i n c  r e q u i r e m e n t  had  b e e n  

s a t i s f i e d .  There  s h o u l d  be l e s s  i n c r e a s e  i n  g r o w t h  in  t h e  h i g h  

s a l t  c o n c e n t r a t i o n s  t h a n  i n  t h e  l o w  t o t a l  s a l t  s e r i e s  b r o u g h t  a b o u t  

by t h e  a d d i t i o n  o f  z i n c .  I n  t h e  p r e s e n t  e x p e r i m e n t  f i v e  d i f f e r e n t  

t o t a l  c o n c e n t r a t i o n  s e r i e s  w i t h  and  w i t h o u t  z i n c  w ere  p r e p a r e d  a s  

o u t l i n e d  i n  T a b le  2 3 .  In  e a c h  s e r i e s  t h e  c a r b o n  s o u r c e  was n o t  

v a r i e d  and i n  t h e  t e s t  s e r i e s  z i n c  s u l p h a t e  was s u p p l i e d  a t  th e  

r a t e  o f  50 mm. p e r  l i t e r  o f  medium. T r i p l i c a t e  c u l t u r e s  w ere  p r e ­

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

c u l t u r e s  f o r  t h e  e n t i r e  e x p e r i m e n t .

T a b le  2 3 .  F i v e  n u t r i e n t  s o l u t i o n s  h a v i n g  a d i f f e r e n t  t o t a l  s a l t  
c o n c e n t r a t i o n .  (Grams p e r  l i t e r  o f  s o l u t i o n ) .

i l u t r i e n t s
] S o l u t i o n number ;
r i 2 3 4 \ 5 >

S u c r o s e ! 5 0 . 0 gm s. oO.O gms. j 5 0 . 0 g m s . 5 0 . 0  gms. i s o . o g m s.
ICG 03 ! 6 . 0 r? 4 . 0 IT 1 2 . 0 it 1 * 0  " 0 . 5 TT

MgS04 ! 6 . 0 rt 4 . 0 IJ j 2 . 0 IT 1 . 0  " 0 . 5 TT \
KH?.POa 1 6 . 0 11 4 . 0 " I 2 . 0 TT 1 . 0  fT 0 . 5 TT I
pH o f  s e r i e s 4 . 2 " 4 . 3 " 1 4 . 4 IT 4 . 5  n 4 . 6 "
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A f t e r  g r o w i n g  a t  room t e m p e r a t u r e  f o r  e l e v e n  d a y s  one  

c u l t u r e  was rem oved  fro m  e a c h  s e r i e s  f o r  h a r v e s t .  I t  i s  a d m i t t e d  

t h a t  r e s u l t s  "based on s i n g l e  c u l t u r e  h a r v e s t s  a r e  q u e s t i o n a b l e  

from  t h e  s t a n d p o i n t  o f  s t a t i s t i c s ,  h o w e v e r ,  t h e  c u l t u r e  t o  he  

h a r v e s t e d  was s e l e c t e d  fro m  a s e r i e s  o f  t h r e e  c u l t u r e s  w h i c h ,  a s  

n e a r  as  th e  e y e  c o u l d  d e t e c t ,  w e re  i d e n t i c a l .  The dry  w e i g h t s  o f  

t h e s e  c u l t u r e s  g i v e n  i n  T a b le  24 do n o t  show i n c o n s i s t e n t  v a r i a ­

t i o n s .  The r e m a i n i n g  two c u l t u r e s  o f  e a c h  s e r i e s  w ere  h a r v e s t e d  a t  

t h e  end  o f  a s i x t e e n  day p e r i o d  a t  w h ic h  t im e  t h e  z i n c  c u l t u r e s  had  

a p p a r e n t l y  c e a s e d  t o  show an i n c r e a s e  i n  g r o w t h  and n o t i c e a b l e  

a u t o l y s i s  h a d  n o t  b e g u n .  From t h e  d r y  w e i g h t  o f  t h e  m y c e l i a l  m a ts  

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

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

i n c r e a s e d  y i e l d  i n  t h e  p r e s e n c e  or  a b s e n c e  o f  z i n c .  There i s  no 

e v i d e n c e  t o  show a n y  i n c r e a s e s  i n  g r o w th  d i r e c t l y  due t o  a p o s s i b l e  

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

The n u m e r i c a l  r a t i o  o f  t h e  d r y  w e i g h t  o f  t h e  m y c e l i a l  m ats  from  t h e  

p l u s  z i n c  c u l t u r e s  t o  c o r r e s p o n d i n g  w e i g h t s  from  t h e  c h e c k  c u l t u r e s  

v a r i e s  d i r e c t l y  w i t h  t h e  t o n a l  s a l t  c o n c e n t r a t i o n .  ( T h e s e  r a t i o s  

a r e  c a l c u l a t e d  fro m  dry  w e i g h t s  o f  s i x t e e n  day  o l d  c u l t u r e s .  A v e ra g e  

w e i g h t  o f  s e r i e s  E p l u s  z i n c  ( 1 5 4 )  d i v i d e d  by th e  a v e r a g e  w e i g h t  

o f  s e r i e s  E m inus  z i n c  ( 6 4 )  g i v e s  a r a t i o  o f  2 . 4 0 - 1 ) .  I f  t h e r e  

was an e f f e c t i v e  i n c r e a s e  o f  z i n c  a s  an i m p u r i t y  t h e s e  r a t i o s  

s h o u l d  v a r y  i n d i r e c t l y  w i t h  t h e  t o t a l  s a l t  c o n c e n t r a t i o n .  I n  t h e  

p l u s  z i n c  s e r i e s  i t  i s  e v i d e n t  t h a t  4 . 0  gram s o f  e a c h  s a l t  w ere  a s  

e f f e c t i v e  a s  6 . 0  grams o f  e a c h  s a l t  s i n c e  t h e r e  was n o t  a  c o r r e s p o n d ­

i n g  i n c r e a s e  i n  t h e  d ry  w e i g h t s  o f  t h e  m y c e l i a l  m a t s .  In  t h i s  c a s e  

t h e  ca rb o n  s u p p l y  and g r o w in g  s p a c e  w e r e  l i m i t i n g  f a c t o r s ,  A



- 6 6 -

f a b l e  2 4 .  Some g r o w th  r e s p o n s e s  o f  F a s a r i n n  e u m a r t i i  528  t o  f i v e  
v a r i a t i o n s  i n  th e  t o t a l  s a l t  c o n c e n t r a t i o n  i n  t h e  p r e s e n c e  and 
a b s e n c e  o f  a dd ed  z i n c  s u l p h a t e *
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c o m p a r i s o n  o f  t h e s e  g r o w t h  r e s p o n s e s  a r e  p r e s e n t e d  i n  g r a p h i c  form  

i n  F i g u r e  14*

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

o f  e a c h  c u l t u r e  s e r i e s  a f t e r  e a c h  h a r v e s t  w e re  e s t i m a t e d  by t h e  u s e  

o f  F e h l i n g s  S o l u t i o n s .  A l i q u o t  p o r t i o n s  o f  t h e  f i l t r a t e s  w ere  

p l a c e d  i n  s m a l l  b o r e  t e s t  t u b e s  and t r e a t e d  w i t h  t h e  F e h l i n g s
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Amount o f  e a c h  s a l t  i n  grams p e r  l i t e r
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F i g .  1 4 .  The e f f e c t  o f  t h e  t o t a l  s a l t  c o n c e n t r a t i o n  w i t h  and  
w i t h o u t  t h e  a d d i t i o n  o f  z i n c  on t h e  d ry  w e i g h t  o f  m y c e l i a l  m ats  
p r o d u c e d  by F u sa r iu m  e u m a r t l i . ( S e e  T a b le  2 4 ) .

S o l u t i o n s .  The r e d u c e d  c o p p e r  was a l l o w e d  t o  s e t t l e  t o  t h e  b o t t o m  

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

a r e  i n c l u d e d  i n  T a b le  2 4 .  T h e se  t e s t s  show t h a t  t h e  m inu s  z i n c  

c u l t u r e s  c o n t a i n e d  a l i t t l e  more r e d u c i n g  s u g a r s  t h a n  t h e  p l u s  

a i n c  c u l t u r e s  and t h a t  th e  h y d r o l y s i s  o f  cane  s u g a r  was a l m o s t  

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

day h a r v e s t .  In  t h e  f i l t r a t e s  from  t h e  s i x t e e n  day h a r v e s t  t h e  

amount o f  r e d u c i n g  s u g a r s  i n  t h e  minus z i n c  c u l t u r e s  was t h e  same 

a s  a t  t h e  e l e v e n  d a y  n a r v e s t .  The f i l t r a t e s  from  t h e  p l u s  z i n c  

c u l t u r e s  c o n t a i n i n g  two o r  more grams o f  e a c h  s a l t  p e r  l i t e r  showed  

a m arked d e c r e a s e  i n  t h e  r e d u c i n g  s u g a r s .  I t  i s  e v i d e n t ,  t h e r e f o r e ,
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t h a t  t h e  p r e s e n c e  o f  reducing* s u g a r s  i s  n o t  a n  i m p o r t a n t  f a c t o r  

i n  t h e  g r o w th  a c c e l e r a t i o n  oue t o  z i n c .  I t  seem s l o g i c a l  t o  

assum e t h a t  z i n c  d o e s  n o t  f u n c t i o n  d i r e c t l y  i n  t h e  f o r m a t i o n  o f  

r e d u c i n g  s u g a r s .

S t r a i n s  o f  A s p e r g i l l u s  n i g e r  h a v e  b e e n  u s e d  a l m o s t  e x ­

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

s t i m u l a t i o n .  I t  s eem ed  w o r t h w h i l e  t o  compare t h e  r e s p o n s e s  o f  a  

F u sa r iu m  w i t h  one o f  t h e  c u l t u r e d  s t r a i n s  o f  A s p e r g i l l u s  n i g e r .

I t  was p o s s i b l e  t o  s e c u r e  a s t r a i n  o f  A s p e r g i l l u s  n i g e r  w h ic h  was  

a d i r e c t  c u l t u r e  d e s c e n d e n t  o f  A s p e r g i l l u s  n i g e r  4 2 4 7 w u s e d  by  

S t e i n b e r y  ( 4 7 ) .  A s e r i e s  o f  c u l t u r e s  w e r e  p r e p a r e d  from  t h e  same  

s t o c k  s o l u t i o n s .  fi?o one  h a l f  o f  t h e s e  c u l t u r e s  z i n c  s u l p h a t e  

was a d d e d  a t  t h e  r a t e  o f  5 0  mm. p e r  l i t e r .  F u sa r iu m  r a d i c i c o l a  

701 and  A s p e r g i l l u s  n i g e r  4 2 4 7w w e re  u s e d  a s  t h e  t e s t  o r g a n i s m s  

i n  t h e  p l u s  and m in u s  z i n c  c u l t u r e s .

A d i f f e r e n c e  b e t w e e n  th e  c h e c k  and t e s t  c u l t u r e s  o f  b o t h  

f u n g i  was s o o n  a p p a r e n t .  A f t e r  f o u r  d a y s ,  t h e  A. 4 2 4 7w t e s t  c u l t u r e s  

( p l u s  z i n c )  sh ow ed  more g r o w t h  t h a n  t h e  c h e c k s .  When f i v e  d a y s  

o l d  t h e  c h e c k  c u l t u r e s  had  a d a r k e r  and more a b u n d a n t  s p o r e  c ro p  

t h a n  t h e  z i n c  c u l t u r e s .  A f t e r  e i g h t  d a y s  t h e  s u r f a c e  m ats  i n  t h e  

t e s t  c u l t u r e s  b e g m  t o  fold^in s e v e r a l  d a c e s  and s i n k  b e l o w  t h e  

s u r f a c e  o f  the l i q u i d  f o r m i n g  b a g - l i k e  pro s e c t i o n s  i n  the m a t s .

I n  t h e  c h e c k  c u l t u r e s  o n l y  a t h i n  s u r f a c e  mat was fo r m e d .

f . . e r e  was l i t t l e  d i f f e r e n t i a t i o n  between t h e  c h e c k  and t e s t  

c u l t u r e s  o f  F .  r a d i c i c o l a  a t  t h e  end o f  t h e  f o u r  day p e r i o d .  In  

e a c h  flask t h e r e  was a c o l o n y  on t h e  s u r f a c e  a b ou t  t h e  s i z e  o f  a 

p e n n y ,  w h i l e  t h e r e  was an  abundance  o f  su b m erg ed  g r o w t h  w h ic h  l a t e r
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a p p e a r e d  on t h e  s u r f a c e .  A f t e r  f i v e  d a y s  t h e s e  s u r f a c e  c o l o n i e s  

i n  th e  t e s t  c u l t u r e s  h a d  b e g u n  t o  c u r l  an cl f o l d  downwards from  t h e  

e d g e s ,  w h i l e  t h e  c o l o  h n  i n  t h e  c h e c k  c u l t u r e s  r e m a in e d  sm ooth  and  

t h i n .  A y e l l o w - b r o w n  c o l o r a t i o n  a p p e a r e d  i n  t h e  z i n c  c u l t u r e s  a n d  

i n c r e a s e d  i n  i n t e n s i t y  a s  t h e  c u l t u r e s  a g e d .  The l i q u i d  medium i n  

t h e  c h e c k  c u l t u r e s  was a l w a y s  c l e a r .  S l im y  m a s s e s  o f  s p o r e s  a p p e a r e d  

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

Some m e a s u r e m e n ts  w e r e  made on t h e  s p o r e s  from t h e  t e s t  

and c h e c k  e l e v e n  day  o l d  c u l t u r e s  o f  F .  r a d i c i c o l a . There  was a 

marked d i f f e r e n c e  i n  t h e  a p p e a r a n c e  o f  t h e s e  s p o r e s .  The s p o r e s  

from  t h e  l e s s  m a tu re  c h e c k  c u l t u r e s  w ere  c o m p l e t e l y  f i l l e d  w i t h  

d e n s e  p r o t o p l a s m  so  t h a t  no s e p t a t i o n  was v i s i b l e .  The e n d s  o f  

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

A f t e r  t r e a t m e n t  w i t h  95>i a l c o h o l  and a sod ium  c h l o r i d e  s o l u t i o n  

t h e s e  s p o r e s  w e re  i n j u r e d  and  p l a s m o l i z e d  t o  su ch  a n  e x t e n t  t h a t  

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

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

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

and t h e  e n d s  w ere  sh a rp  p o i n t e d  g i v i n g  a t y p i c a l  f u s i f o r m  a p p e a r ­

a n c e .  From t h e  summary o f  t h e s e  m e a s u r e m e n ts  g i v e n  i n  T a b le  2 5 ,  

i t  i s  e v i d e n t  t h a t  somewhat l o n g e r  s p o r e s  w ere  p r e s e n t  i n  t h e  

c h e c k  c u l t u r e s .  The a r i t h m a t i c a l  mean l e n g t h  o f  t h e  s p o r e s  i n  t h e  

t e s t  and c h e e k  c u l t u r e s  r e s p e c t i v e l y  w e re  5 . 0 6  and 5 . 4 3  o e c u l a r  

d i v i s i o n s .  (One o c c u l a r  d i v i s i o n  i s  e q u a l  to  7 . 4 7  m i c r o n s ) .  I t  

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

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

t h e  z i n c .
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T a b le  2 5 .  Lengoh m e a s u r e m e n ts  o f  s p o r e s  o±̂  F u sa r iu m  r a d i c i c o l a  
f ro m  p l u s  and m in u s  z i n c  c u l t u r e s  a f t e r  e l e v e n  d a y s  g r o w th *

| C l a s s e s ( l e n g t h  i n o c c u l a r  d i v i s i o n s )
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A r i t h m a t i c a l mean l e n g t h - p l u s  2 c u l t . - - 5 . 0 6  o c c u l a r d i v i s i o nr? n tt m inus Z t» — 5 . 4 3 rr TT

Bean p l a n t s  a b o u t  t e n  i n c h e s  i n  h e i g h t  w e r e  c u t  and  p l a c e d  

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

f u n g i .  In  t h r e e  t o  f o u r  h o u r s  t h e  p l a n t s  w i l t e d  i n  t h e  f i l t r a t e s  

from  t h e  c h e c k  c u l t u r e s  o f  b o t h  o r g a n i s m s ,  w h i l e  w i l t i n g  d i d  n o t  

o c c u r  i n  l e s s  th a n  t w e l v e  h o u r s  i n t h e  f i l t r a t e s  from  t h e  p l u s  z i n c  

c u l t u r e s .  Some p l a n t s  ’were p l a c e d  i n  t a p  w a t e r  and u s e d  a s  c h e c k s  

i n  w h ic h  c a s e  w i l t i n g  was n o t  p r o n o u n c e d  u n t i l  a f t e r  t w e n t y - f o u r  

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

n o t i c e a b l e  d i f f e r e n c e  i n  w i l t i n g  t h e  bean  p l a n t s .  A l t h o u g h  t h i s  

e x p e r i m e n t  was n o t  e x t e n s i v e  e n o u g h  t o  draw d e f i n i t e  c o n c l u s i o n s  

i t  s u g g e s t s  some i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  s i m i l a r  s t u d i e s .  

D i f f e r e n t  t y p e s  o f  m e d ia  h ave  b e e n  u s e d  by o t h e r  i n v e s t i g a t o r s  t o  

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

medium o f  s e v e r a l  f u n g i  i n  r e l a t i o n  t o  t h e  w i l t i n g  phenom enon.

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

o f  u s i n g  m ed ia  w h ic h  p e r m i t t e d  a r e l a t i v e l y  g o o d  v e g e t a t i v e  g r o w t h  

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

g r o w t h  o f  t h e  f u n g u s  i n  c o n t r a s t  t o  t h o s e  p e r m i t t i n g  a p o o r  

v e g e t a t i v e  g r o w t h .  The e x a c t  n a t u r e  o f  th e  s u b s t a n c e s  w h ic h  c a u s e
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w i l t i n g  i s  n o t  known b u t  t h e i r  q u a n i t a t i v e  p r o d u c t i o n  may be  more 

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

o c c u r i n g  i n  t h e  medium# H e r r i c k  and May ( 1 7 )  h a v e  f o u n d  t h a t  a  

medium w h ic h  g i v e s  a r e l a t i v e l y  p o o r  v e g e t a t i v e  g r o w t h  i s  m o s t  

e f f i c i e n t  f o r  t h e  p r o d u c t i o n  o f  b l u c o n i c  a c i d  by  some P e n i c i l l i a .  

S i m i l a r  r e s u l t s  were  o b t a i n e d  by C u r r ie  ( 1 3 )  i n  t h e  p r o d u c t i o n  o f  

c i t r i c  and  o x a l i c  a c i d s  by A s p e r g i l l u s  n i g e r . The r e s u l t s  p r e ­

s e n t e d  i n  T a b le  27 show t h a t  t h e  a d d i t i o n  o f  z i n c  t e n d s  t o  d e c r e a s e  

t h e  amount o f  a c i d s  p r o d u c e d ,  w h ich  i s  c l o s e l y  c o r r e l a t e d  w i t h  t h e  

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

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

p u s e d  i n  e x p e r i m e n t s  s i m i l a r  t o  t h e  one m e n t i o n e d  a b o v e ,  a r e  s i m i l a r  

t o  t h e  o r g a n i c  a c i d s  i n  t h e i r  p r o d u c t i o n .  Such  p a r a s i t e s  a s  th e  

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

f a v o r a b l e  f o r  v e g e t a t i v e  g r o w th  a s  i n  t h e  common n u t r i e n t  s o l u t i o n s .  

H e n c e ,  i t  may be s u g g e s t e d  t h a t  r e l a t i v e l y  l a r g e r  am ounts  o f  t o x i c  

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

n u t r i e n t  s o l u t i o n s  p e r m i t t i n g  a l u x u r i a n t  g r o w t h .  I t  w ou ld  be  an  

i n t e r e s t i n g  p r o b le m  t o  make c o m p a r a t i v e  s t u d i e s  o f  t h e  p r o d u c t i o n  

o f  s u b s t a n c e s  w h ic h  w i l l  c a u s e  w i l t i n g  by b o t h  p a r a s i t i c  and n o n -  

p a r a s i t i c  f u n g i  i n  m ed ia  w h ic h  s u p p o r t e d  v a r i a b l e  v e g e t a t i v e  

g r o w t h .  A k n o w le d g e  o f  t h e  f a c t o r s  i n f l u e n c i n g  t h e  p r o d u c t i o n  o f  

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

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

The d ry  w e i g h t s  o f  t h e  f u n g u s  m a ts  i n  T a b le  26 show t h a t  

t h e  A s p e r g i l l u s  and F u s a r iu m  a r e  q u i t e  s i m i l a r  i n  t h e i r  r e s p o n s e s  

t o  t h e  p r e s e n c e  o f  z i n c , d i f f e r i n g  somewhat i n  t h e  g r o w t h  r a t e  and  

maximum y i e l d .  In  t h e  c h e c k  c u l t u r e s  t h e  g r o w t h  r a t e s  and dry
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T a b le  26* W eigh t  o f  d r i e d  m y c e l i a l  m a t s  and pH c h a n g e s  i n  t h e  
f i l t r a t e s  o f  c u l t u r e s  o f  A s p e r g i l l u s  n i g e r  4 2 4 7w and F u s a r iu m  
r a d i c i c o l a  701 i n  a c u l t u r e  medium p l u s  and minus s i n e .

j
S Age

“I--- ‘ ......... .I
i

C u l t u r e  s e r i e s
n in u s S I  11C p l u s z i n c

o f ! Asper ,g i l l u s  [ F u sa r iu m A s p e r g i l l u s | F u s a r iu m
1 c u l t u r e s , ' d r y pH [ d r y p H dry I pH ! &ry ! pH

a t wt s . o f ! wt S. o f w t s . 1 o f i w t s . ! o f
h a r v e s t m gs. f i l . ! m gs . f i l . m g s . j f i l . mgs • f  i l .

; 100 4 . 0 1 93 6 . 6 305 ! 4 . 2 1 1 6 2 7 . 2
5 93 4 . 0 i 76 6 . 4 272 ! 4 . 0 1 6 3 7 . 2

d a y s 86 4 . 0 125 6 . 8 315 4 . 2 : 192 7 . 4
0 3 4 . 0 98 b • 6 29 7 4 7 2 1 7 2 7 . 3

228 3 . 0 177 7 . 2 585 ; 3 . 4 520 8 . 0
8 224 3 . 0 1 5 3 7 . 0 594 : 3 . 4 4 9 4 7 . 8

d a y s 214 3 . 0 1 7 3 7 . 2 599 3 . 4 499 8 . 0
222 3 . 0 1 6 8 T T T F 9 ¥ 3 . 4 I 5 0 4 7 . 9
265’ 2 . 4 5  302 7 .6 4 7 7 i 4 . 0 520 8 . 4

11 26 3 2 . 4 3 20 7 . 6  , 4 96 ! 4 . 0 505 8 . 4
d a y s i 272 2 . 4 : 318 7 . 6 4 9 0 1 4 . 0 : 510 8 . 4

i 26 7 2 . 4 ! 313 7 . 6 4 8 8 ; 4 . 0 ! 5 1 2 8 . 4
325 ’ 2 . 2 329 7 . 8 4 7 2 \ 4 . 2 ! 455 8 . 6

15 329 2 . 2 321 7.  6 4 5 3 i 4 . 2 : 4 5 2 8 . 6
da y s i 325 2 . 2 336 7 . 8 4 4 2 I 4 . 2 i 439 8 . 6

: 326 2 . 2 i 329 7. 7 456 i 4 7 2 ; 449 .CO

384 r .”214 j 1 3 4 2 .. 00 . o 4 6 3 1 4 . 4 T_4 6 0 8 . 8
i 18 361 2 . 4 j ___ - — 4 5 3 ! 4 . 4 1 439 8 . 8
) d a y s 382 2 . 4 ! 344 8 . 0 4 5 2 i 4 . 4 ! 430 ; 8 . 8
! 2 . 4 S 3 i 3 5 7 0 4 5 6 ! 4 . 4 1 4 4 3 8 . 8  |
(MgS04-
( Trace  
( 4 0  c c

■2, KH2P0 4 -  
o f  f e r r i c  

o f  s o l n * /

2 ,  KNAU- 
t a r t r a t e  
c u l t u r e

2 ,  comm.
i n  a l l  

i n  125 c

s u c r o s e  - 3 2 ,  
c u l t u r e s  ) 
c .  f l a s k s .  d H*

ZnS04 - 0 . 0 5 0  ) .  

■4*5 } *

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

o f  t h e s e  o r g a n i s m s  a r e  t h e  pH c h a n g e s  i n d u c e d  i n  t h e  l i q u i d  medium.

In  g e n e r a l  one  t e n d s  t o  d e c r e a s e  t h e  a c i d i t y  w h i l e  t h e  o t h e r  

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

n i g e r  4 2 4 7w p r o d u c e d  a g r e a t e r  a c i d i t y  i n  t h e  m inus  c u l t u r e on an

i n  t h e  u l u s  s i  no e u l  L u r e s ,  and. t h a t  F u sa r iu m  r a d i c i c o l a  r e s p o n d e d



■weight of dried mats in millirr;r^ns

ocf-

cc:
<

( f  iV:> '
% .  I

. : ■( . •
e; H
\ *

i

o o or
04 of flitrato D < C-

N O

hJ

<



- 7 4 -

c o n c e p t i o n  o f  t h e  a c t i o n  o f  z i n c .  He a s s u m e s  t h a t  t h e  z i n c  s u l p h a t e  

u pon  h y d r o l y s i s  i n c r e a s e s  t h e  acidity o f  th e  medium t h u s  f o r m i n g  

a c o n d i t i o n  more f a v o r a b l e  t o  g r o w t h .  'ihe r e s u l t s  o f  t h i s  e x p e r i ­

ment do n o t  s u p p o r t  h i s  h y p o t h e s i s  i n  r e g a r d  to  e i t h e r  o r g a n i s m .

I t  i s  more l o g i c a l  t o  c o n s i d e r  t h e s e  pH r e l a t i o n s h i p s  a s  t h e  r e s u l t  

o f  g r o w t h  r a t h e r  t h a n  t h e  c a u s e  o f  g r o w t h  a c c e l e r a t i o n .

The d i f f e r e n c e  i n  t h e  pH o f  t h e  f i l t r a t e s  fro m  t h e  p l u s

and minus z i n c  c u l t u r e s  o f  A s p e r g i l l u s  n i g e r  4 2 4 7w r e p o r t e d  i n  

T a b le  26 s u g g e s t e d  s i m i l a r  and p r o b a b l y  e v e n  g r e a t e r  d i f f e r e n c e s  

i n  t h e  am ounts  o f  t i t r a t a b l e  a c i d s  p r e s e n t .  To d e t e r m i n e  t h e  e f f e c t

o f  i n c r e a s e d  v e g e t a t i v e  g r o w th  due t o  t h e  a u d i t i o n  o f  z i n c  on t h e

am ounts  o f  t i t r a t a b l e  a c i a  p r e s e n t  t h e  f o l l o w i n g  e x p e r i m e n t  was  

a r r a n g e d .  Two s e r i e s  o f  c u l t u r e s  w e re  s t a r t e d ,  t o  one s e r i e s  z i n c  

was a d d e d  a t  t h e  t im e  o f  p r e p a r a t i o n ,  w h i l e  i n  t h e  o t h e r  s e r i e s  

z i n c  was n o t  a d d e d  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t .  C u l t u r e s  

w e r e  h a r v e s t e d  fro m  t h e  p l u s  and  m in u s  z i n c  s e r i e s  a t  s i x  day  

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

t h e  f i r s t  h a r v e s t  ( 6 - d a y s )  z i n c  s u l p h a t e  was a d d e d  t o  t h r e e  o f  t h e  

o r i g i n a l  min^s z i n c  c u l t u r e s  w h ic h  i n  t u r n  w e r e  h a r v e s t e d  s i x  d a y s  

l a t e r .  A g a in  a t  t h e  s e c o n d  h a r v e s t  ( a l l  c u l t u r e s  12  d a y s  o l d )  z i n c  

was a d d ed  t o  t h r e e  more o f  t h e  c u l t u r e s  w h ic h  had  grown f o r  t w e l v e  

d a y s  w i t h o u t  z i n c .  The h a r v e s t  d a t a  g i v e n  i n  T a b le  27 i n c l u d e s  t h e  

dry  w e i g h t  o f  t h e  m y c e l i a l  m a t s ,  t h e  pH o f  t h e  f i l t r a t e s ,  and t h e  

amount o f  a weak so d iu m  h y d r o x i d e  s o l u t i o n  r e q u i r e d  to  t i t r a t e  t o  

a s t a n d a r d  c o l o r ,  u s i n g  Broin c r e s o l  p u r p l e  a s  t h e  i n d i c a t o r ,  one  

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

The e f f e c t  o f  t h e  a d d e d  z i n c ,  on t h e  w e i g h t  o f  t h e  d r i e d  

m y c e l i a l  m a ts  and  t h e  amount o f  t i t r a t a b l e  a c i d  p r e s e n t  i s  p r e s e n t e d
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T a b le  2 7 .  Tne e f f e c t s  o f  a d d i n g  z i n c  a t  t im e  o f  i n n o e u l a t i o n  and  
l a t e r  when c u l t u r e s  w e r e  6 a n d  12  d a y s  o l d ,  on one dry w e i g h t  o f  
t h e  m y c e l i a l  m a t s ,  pH, and t o t a l  a c i d i t y  o f  c u l t u r e  medium p r o d u c e d
by A s p e r g i l l u s 4 2 4  7w.

Time
.....

Age o f c u l t u r e s  when h a r v e s t e d
o f h * " ^! 6 d a y s _ ..., 12 d ays | 18  d a y s

z i n c ! dry I c c . o f ! pH d ry 1c c .  o f ! p H d ry  ! c c .  of? pH
a d d i ­ ! Wt S . ! Ha OH i o f w t s . TTaOH : o f wt s •! HaOH 1 o f
t i o nit

1 m g s . ; u s e d ! f i l . ! m g s . ' u s e d  : f i l . mgs.! u s e d f i l .

i c h e c k s ! 509 ; 2 . 8 5 . 8 656 1 1 . 2  i 2 . 2 869  >1 7 . 0 2 . 0
no 48 7 : 2 . 8 4 . 0 637 1 1 . 4  ! 2 . 2 875  } 1 6 . 5 2 . 2

| z i n c  a t 517 : 2 . 8 3 . 8 662 1 1 . 5  2 . 2 8 93  ! 1 6 . 4 2 . 2
. s t a r t 504 ; 2 . 8 3 . 9  ■ 652 1 1 . 4  2 . 2 879 ; 1 6 . 6 2 . 2

l o i i ? 2 . 7 3 . 8 1 1 0 1 8 . 3  2 . 2 1 2 1 3  : 2 . 4 3 . 8
p l u s 980 : 2 . 7 3 . 8  : 1146 8 . 1  2 . 2 1 1 4 7 5 . 1  1 3 . 0

1 z i n c  a t 996 2 . 7 - 3 . 8 1098 8 . 2  2 . 2
] s t  a r t 9 9 9 2 . 7 ., 3 . 8 ..p 1115 8 . 3  ■ 2 . 2 1 1 8 0  1 ry 7 3 . 4
i z i n c  a d d ed  t o c u l t u r  e s when 1038 7 . 0  2 . 6 975 1 1 . 2  j 2 . 6
i. 6 and 1 2  d a y s o l d  and e a c h t 1 0 3 6 7 . 0  2 . 6 1 0 0 8  ! 1 1 . 3  { 2 . 6
\ s e r i e s  h a r v e s t e d  s i x  d ays 1 0 5 0 7 . 0  1 2 . 6 998  ; 1 0 . 0  I 2 . 8
! l a t e r .i----  ... . — .... 1 0 4 5 7 . 0  2 . 6 9 94  : 1 0 . 8  ? 2 . 7

(MgS04 - 2 ,  KH2P04 - 2 f KHQ3- 4 , s u c r o s e  5 0 ,  z n S 0 4 - 0 . 0 5 0 ) .  
( 1 0 0  c c .  o f  s o l u t i o n  p e r  £ 50  c c .  c u l t u r e  f l a s k ) .  
( O n e - f o u r t h  o f  f i l t r a t e  u s e d  i n  e a c h  t i t r a t i o n ) .

g r a p h i c a l l y  i n  F i g u r e  1 6 .  In  t h e  s i x  day o l d  c u l t u r e s  t h e r e  i s  

l i t t l e  d i f f e r e n c e  b e t w e e n  t h e  pH and  t i t r a t a b l e  a c i d  p r e s e n t  i n  t h e  

p l u s  and m inus  z i n c  c u l t u r e s ,  h o w e v e r ,  t h i s  d i f f e r e n c e  b ec o m e s  more 

m arked a t  t h e  s u b s e q u e n t  h a r v e s t s .  The t o t a l  a c i d i t y  o f  t h e  z i n c  

s t i m u l a t e d  c u l t u r e s  b e c o m e s  l e s s  t h a n  i n  t h e  m inus z i n c  c u l t u r e s .

Tne a d d i t i o n  o f  z i n c  t o  s i x  and t w e l v e  day o l d  c u l t u r e s  ( o r i g i n a l l y  

m inus z i n c ) r e s u l t e d  i n  an i n c r e a s e d  v e g e t a t i v e  g r o w t h  and a c o r ­

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

The pH c h a n g e s  o f  t h e  f i l t r a t e s  l i s t e d  i n  f a b l e  £7 c h e c k  

c l o s e l y  w i t h  t h o s e  p r e s e n t e d  i n  f a b l e  2 6 .  From s. g e n e r a l  com parison ,  

o f  t n e  a a t a  i n  t h e s e  two t a b l e s  i t  i s  e v i d e n t  t h a t  i n  t n e  l a t t e r  

e x p e r i m e n t  t h e  c u l t u r e  g r o w t h  r a t e  was somewhat s l o w e r .  T h is  

d i f f e r e n c e  i s  due t o  t e m p e r a t u r e ,  tn e  f o r m e r  e x p e r i m e n t  was p e r -
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%e i g h t  o f  m y c e l iu m  
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F i g .  1 7 .  C u l t u r e s  o f  A s p e r g i l l u s  n i g e r  4 2 4 7 w ,  t w e l v e  d a y s  o l d .
1 .  -  O r i g i n a l  m inus z i n c  c u l t u r e .  2 .  -  C u l t u r e  t r e a t e d  w i t h  z i n c ,  
when s i x  d ays  o l d .  3 .  -  O r i g i n a l  p l u s  z i n c  c u l t u r e .

fo r m e d  i n  d u n e ,  1 9 2 8 ,  w h i l e  t h e  l a t t e r  was c a r r i e d  o u t  i n  

F e b r u a r y ,  19 29 *

The o r i g i n a l  c u l t u r e s  p l u s  and minus z i n c  show ed t h e  

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

m a t s .  The a d d i t i o n  o f  z i n c  t o  t h e  s i x  day  o l d  m in u s  z i n c  c u l t u r e s  

r e s u l t e d  i n  a marked s t i m u l a t i o n  o f  g r o w t h  d u r i n g  t h e  f o l l o w i n g  

s i x  d a y s .  ( S e e  F i g u r e  1 7 ) .  The a d d i t i o n  o f  z i n c  to  t h e  t w e l v e  day  

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

c u l t u r e s .  I t  was i n t e r e s t e d  t o  n o t e  t n a t  t h e  o r i g i n a l  m inus  p i n e  

c u l t u r e s  w e r e  a b l e  to  make a s l o w  y e t  s t e a d y  i n c r e a s e  i n  t h e  s i z e  

and t h i c k n e s s  o f  t h e  s u r f a c e  m a t s ,  p r o b a b l y  due t o  t h e  i m p u r i t y  o f  

t h e  o r i g i n a l  n u t r i e n t s .
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GrEUSRAL DISGUSSIOIT OF RESULTS.

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

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

s o u r c e s .  M agnesium s u l p h a t e ,  raonopotassiurn a c i d  p h o s p h a t e ,  and  

z i n c  s u l p h a t e  can  be  u s e d  s u c c e s s f u l l y  t o  s u p p l y  t h e  o t h e r  g r o w t h  

e s s e n t i a l s .  O ther  e l e m e n t s ,  i f  n e e d e d  i n  s m a l l  am ounts  se em  t o  

be p r e s e n t  i n  s u f f i c i e n t  q u a n t i t i e s  a s  i m p u r i t i e s  t o  g i v e  a g o o d  

v e g e t a t i v e  g r o w t h .  Tne c o n c e n t r a t i o n  o f  tn e  o b v i o u s  co m p o n e n ts  

o f  t h e  n u t r i e n t  s o l u t i o n  can be v a r i e d  g r e a t l y  w i t h o u t  c o r r e s p o n d ­

i n g  g r o w t h  r e s p o n s e s .  The f a c t  thfet s u c h  v a r i a t i o n  i s  p o s s i b l e  

se em s  t o  be t h e  r e a s o n  f o r  t h e  h e t e r o g e n o u s  l i s t  o f  s o - c a l l e d  

s t a n d a r d  n u t r i e n t  s o l u t i o n s *  W i t h i n  w id e  l i m i t s  th e  o s m o t i c  

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

t h e  o r g a n i s m s  s t u d i e d .

Trie minimum amount r e q u i r e d  o f  any  com ponent  o f  t h e  

n u t r i e n t  s o l u t i o n  must be d e f i n e d  In  t er m s  o f  t h e  c u l t u r e  form  

and t h e  c o n c e n t r a t i o n  o f  t h e  o t h e r  n u t r i e n t  c o m p o n e n t s .  F or  

i n s t a n c e ,  different am ounts  o f  p o t a s s i u m  n i t r a t e  would be r e q u i r e d  

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

V a r i a t i o n s  i n  t h e  c o n c e n t r a t i o n  o f  t h e  c a r b o n  s o u r c e  i n  a s u i t a b l e  

medium u s u a l l y  r e s u l t  In c o r r e s p o n d i n g  v a r i a t i o n s  i n  t h e  dry  

w e i g h t  o f  t h e  m y c e l i a l  m a t s .  The minimum am ounts  o f  m o n o n o t a s s iu m  

a c i d  p h o s p h a t e  and m agnesium  s u l p h a t e  r e q u i r e d  t o  g i v e  a y i e l d  

w h ic h  l a r g e r  am ounts  o f  t h e s e  sales would n o t  m a t e r i a l l y  i n c r e a s e  

d o e s  n o t  closely a g r e e  w i t h  t h e  am ounts  i n  many commonly u s e d  

s o l u t i o n s .  The r e s u l t  o f  t h e s e  s t u d i e s  show t h a t  gram p e r  gram

a o o u t  two t i m e s  more m agnesium  s u l p h a t e  i s  r e q u i r e d  than, o o t a s s i u m
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a c i d  p h o s p h a t e *  The a d d i t i o n  o f  z i n c  t o  t h e  medium i s  a d v i s e d  

w h e n e v e r  m e a s u r e m e n t s  a r e  i.aade on t h e  g r o w t h  r e s p o n s e  o f  a f u n g u s , 

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

d i f f e r e n t  c o m p o n e n t s ,  s o  a s  t o  mask t h e  e f f e c t  o f  t r a c e s  o f  z i n c  

t h a t  m ig h t  be p r e s e n t  a s  an i m p u r i t y .

The r o l e  p l a y e d  by t h e  e l e m e n t s  w h ic h  a r e  n e e d e d  or  a r e  

e f f e c t i v e  i n  s m a l l  am oun ts  i s  n o t  c l e a r l y  u n d e r s t o o d .  The d a t a  

p r e s e n t e d  i n  t h e  a b o v e  t a b l e s  show t h a t  a l l  t h e  o r g a n i s m s  e x c e p t  

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

z i n c  s u l p h a t e  t o  t h e  c u l t u r e  medium. The c u l t u r e  medium was n o t  

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

o r  r e d i s t i l l a t i o n )  t o  remove p o s s i b l e  t r a c e s  o f  e f f e c t i v e  im­

p u r i t i e s .  Hven t h o u g h  some o f  th e  o r g a n i s m s  w ere  a b l e  t o  make a 

f a i r l y  g o o d  g r o w t h  when z i n c  was n o t  a d d e d  i t  d o e s  n o t  f o l l o w  

c h a t  z i n c  i s  an u n e s s e n t i a l  e l e m e n t .  The r e s u l t s  o b t a i n e d  by  

R o b er g  ( 4 4 )  and  o t h e r s  seem s  to  j u s t i f y  t h e  c o n c l u s i o n  t h a t  

z i n c  i s  an  e s s e n t i a l  e l e m e n t  t h e  same a s  th e  more o b v i o u s  e l e m e n t s ,  

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

a i d  n o t  r e s p o n d  e q u a l l y  t o  t h e  a d d ed  z i n c  d o e s  n o t  n e c e s s a r i l y  

mean t h a t  z i n c  i s  u n e s s e n t i a l  a s  d i f f e r e n t  o r g a n i s m s  may r e q u i r e  

d i f f e r e n t  a m o u n ts  o f  z i n c .  The amount o f  z i n c  or  o t h e r  e l e m e n t s  

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

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

e x p e r i m e n t a l  c o n d i t i o n s .  H e n c e ,  when t h e  c u l t u r e  medium i s  n o t  

f r e e  from  s u c h  e l e m e n t s  a s  b o r o n ,  m anga n ese  or  z i n c ,  t h e  a d d i t i o n  

o f  s u c h  e l e m e n t s  may be i n e f f e c t i v e ,  o r  r e s u l t  l a r g e l y  i n  g r o w t h  

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



- 8 0 -

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

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

a s a t i s f a c t o r y  e x p l a n a t i o n  o f  t h e  manner i n  w h ic h  z i n c  i n f l u e n c e s  

t h e  g r o w t h  r e s p o n s e s .  The a d d i t i o n  o f  f i f t y  m i l l i g r a m s  o f  z i n c  

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

i n  t h e  H - i o n  c o n c e n t r a t i o n  t h a t  c o u l d  be d e t e c t e d  by c o l o r i m e t r i c  

m e a s u r e m e n t s .  The d a ta  r e p o r t e d  i n  T a b l e s  2 0 ,  2 6 ,  and 27 do n o t  

v e r i f y  S t e i n b e r g 1s s u g g e s t i o n  t h a t  an i n c r e a s e  i n  t h e  a c i d i t y  i s  

a s s o c i a t e d  w i t h  g r o w th  a c c e l e r a t i o n ,  F u s a r iu m  r a d i c i c o l a  was  

a b l e  t o  make a q u i c k e r  and g r e a t e r  t o t a l  g r o w t h  wnen z i n c  was  

p r e s e n t  e v e n  th o u g h  t h e  medium was b e c o m in g  l e s s  a c i d .  A s p e r g i l l u s  

n i g e r  4 2 4 7w n e v e r  p r o d u c e d  a g r e a t e r  a c i d i t y  i n  t h e  p l u s  z i n c  

c u l t u r e s  t h a n  i n  t h e  m inu s  z i n c  c u l t u r e s .  In  t h e  c a s e  o f  

A s p e r g i l l u s  f u s c u s  3 5 3 4 c  t h e  medium t o  w h ic h  z i n c  was  a d d e d  

r a p i d l y  became a l k a l i n e  w h i l e  i n  t h e  m inus  z i n c  medium t h e  a c t i v e  

a c i d i t y  was i n c r e a s e d .

In  g e n e r a l  t h e  e f f e c t i v e  a c t i o n  o f  z i n c  may be e x t r a ­

c e l l u l a r  o r  i n t r a c e l l u l a r .  J a v i l l i e r  ( 1 8 )  show ed  t h a t  A s p e r g i l l u s  

n i g e r  a b s o r b e d  z i n c  from  t h e  c u l t u r e  medium and f i x e d  i t  w i t h i n  t h e  

c e l l  e v e n  i n  g r e a t e r  am ounts  t h a n  was n e c e s s a r y  f o r  t n e  maximum 

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

o r g a n i c  a c i d s  by  some f u n g i  may be an  a s s e t  i n  d i s o l v i n g  c e r t a i n  

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

a d v a n t a g e o u s  u n d e r  a l l  c o n d i t i o n s .  The p r e s e n c e  o f  z i n c  w i t h i n  t h e  

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

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

t o  t h e  amount o f  g r o w t h  t h e n  f a r  more a c i d  s h o u l d  be p r e s e n t  i n  t h e  

p l u s  z i n c  c u l t u r e s .  A ssum ing  t n a t  th e  d r y  w e i g h t  o f  t h e  m ats  and
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number o f  v e g e t a t i v e  c e l l s  a r e  c l o s e l y  c o r r e l a t e d ,  i t  t h e n  f o l l o w s  

t h a t  e a c n  c e l l  i n  t h e  m inus  z i n c  c u l t u r e  was s e c r e t i n g -  a t  l e a s t  

t w i c e  a s  much a c i d  a s  a s i m i l a r  c e l l  i n  t h e  p l u s  z i n c  c u l t u r e .

E i t h e r  l e s s  a c i d  was fo rm e d  i n  t h e  c e l l s  c o n t a i n i n g  z i n c  and a s  

a r e s u l t  l e s s  s e c r e t e d ,  or a p p r o x i m a t e l y  e q u a l  am ounts  w ere  fo rm e d  

i n  b o t h  p l u s  a n d  minus z i n c  c e l l s  b y t  t h e  p r e s e n c e  o f  z i n c  i n  some 

manner made p o s s i b l e  t h e  d i r e c t  u t i l i z a t i o n  o f  t h e  a c i a s  b e f o r e  

t h e y  c o u l d  a l l  be  s e c r e t e d .  Ono ( 3 5 }  and R i c h a r d s  ( 4 2 )  b e l i e v e d  

t h a t  most  o f  t n e s e  a c i d s  w ere  u t i l i z e d  d i r e c t l y  i n  t h e  p r e s e n c e  o f  

z i n c  t h u s  d e c r e a s i n g  t h e  amount o f  ac id ,  s e c r e t e d  o u t  i n  t h e  medium,  

i n e  d a t a  i n  f a b l e  27  show t h a t  a c i d  f o r m a t i o n  o c c u r e d  i n  c u l t u r e s  

o f  A s n e r ^ i l l u s  n i g e r  4 2 4 7w w i t h  or  w i t h o u t  t h e  a d d i t i o n  o f  z i n c .- -■-** i '-----------   Sutr. —

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

can  be e n t i r e l y  s e c r e t e d  t h e n  t h e r e  s h o u l d  be a more e f f i c i e n t  

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

d e c r e a s e  i n  t h e  t o t a l  a c i d i t y  o f  t h e  c u l t u r e  medium. K i n o s h i t a  ( 2 2 )  

showed t h a t  t h e  p r o d u c t i o n  o f  C o j i c  a c i d  by  A s p e r g i i . l u s  or.yzae was  

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

n i t r o g e n  s o u r c e  was d i f f i c u l t  to  u t i l i z e .  T h is  in c i* e a s e  i n  t h e  

a c i d  s e c r e t i o n  may be due to  a  r e t a r d a t i o n  o f  t h e  s y n t h e s i z i n g  

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

trie a c i d s  c o u l d  h o t  be u s e d  i n  t h e  s y n t h e t i c  p r o c e s s e s ,  h e n c e  were  

s e c r e t e d .  The e x a c t  n a t u r e  and s e q u e n c e  o f  t h e  phenomena i n v o l v e d  

i n  c e l l  g r o w th  i s  n o t  known. H ow ever ,  i t  seem s  l o g i c a l  t o  assum e  

t h a t ;  f i r s t ,  t n e  f o o d  m a t e r i a l s  e n t e r  tn e  c e i l s  t h r o u g h  a  c o m p le x  

mem’b r a n c e ; s e c o n d ,  t h e s e  n u t r i e n t s ,  o n ce  w i t h i n  t h e  c e l l ,  u n d e r g o  

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

f o r m a t i o n  o f  c e r t a i n  b u i l d i n g  u n i t s  w h ic h  a r e  f i n a l l y  u t i l i z e d  i n
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t h e  s y n t h e s i s  o f  p r o t o p l a s m .  I t  i s  d i f f i c u l t  t o  s a y  j u s t  w h ere  

and how z i n c  or  o t h e r  c h e m i c a l  u n i t s  f u n c t i o n  i n  t h e  g r o w t h  

p r o c e s s e s .  The w r i t e r  i s  i n c l i n e d  to  c o n s i d e r  z i n c  a s  an e s s e n t i a l  

e l e m e n t  w h ic h  f u n c t i o n s  i n  t h e  s y n t h e s i z i n g  p r o c e s s e s  w i t h i n  t h e  

c e l l .  T h is  c o n c e p t  r e c e i v e s  some s u p p o r t  f ro m  t n e  f a c t  t h a t  a 

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

h a s  t h e  same e f f e c t  a s  an i n s u f f i c i e n t  s u p p l y  o f  z i n c  i n  t h a t  a c i d  

s e c r e t i o n  c o n t i n u e s  e v e n  enough an i n c r e a s e  i n  dry  w e i g h t  i s  g r e a t l y  

r e t a r d e d  or  i n  some c a s e s  i n h i b i t e d .  M o r e o v e r ,  t h e  p e r m e a b i l i t y  

o f  t h e  c e l l  membranes s e em s  t o  be p r a c t i c a l l y  t h e  same i n  t h e  

c u l t u r e  w i t h  o r  w i t h o u t  t h e  add ed  z i n c .  The c a r b o n  s o u r c e s  were  

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

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

t o  go  o u t  t h r o u g h  t h e  membranees  i n  t h e  p r e s e n c e  or  t h e  a b s e n c e  

o f  t h e  a d d ed  z i n c .  The P u s a r i a , i n  g e n e r a l ,  do n o t  s e c r e t e  a c i d ,  

p r o b a b l y  due t o  t h e  a b s e n c e  o f  c e r t a i n  enzym es  b u t  t n e  a d d i t i o n  o f  

z i n c  u s u a l l y  r e s u l t e d  i n  an a c c e l e r a t i o n  o f  g r o w th  a n d  a more  

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

o f  dry w e i g h t .

T here  was no ab n o rm a l  i n c r e s . s e  i n  r e s p i r a t i o n  a c c o r d i n g  

t o  W a t t e r s o n  ( 4 8 )  i n  t h e  p r e s e n c e  o f  z i n c .  She f o u n d  t h e  r a t i o  

o f  carbon, d i o x i d e  t o  d r y  w e i g h t  p r o d u c e d  t o  be p r a c t i c a l l y  t h e  

same i n  t h e  p l u s  a n d  m inus  z i n c  c u l t u r e s .  T h e se  r e s u l t s  i n d i c a t e  

a norm al m e t a b o l i s m  i n  t h e  p r e s e n c e  o f  z i n c .  There  i s  a q u a n i t a t i v e  

r e l a t i o n s h i p  b e t w e e n  t h e  amount o f  z i n c  s u p p l i e d  and t h e  d r y  

w e i g h t  o f  t h e  m y c e l iu m  a c c o r d i n g  t o  S t e i n b e r y  ( 4 7 ) .  B r em e n !ey  a n d  

W a r r i n g t o n  ( 8 )  f o u n d  a s i m i l a r  r e l a t i o n s h i p  i n  t n e  b o ro n  

r e q u i r e m e n t s  o f  Y i c i a  f a b a .  The b o r o n  was a b s o r b e d  a n d  i n  some
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way rem oved  from  a c t i o n ,  a c o n s t a n t  s u p p l y  t h u s  b e i n g  n e c e s s a r y *  

T h ese  r e s u l t s  s u g g e s t  t h a t  b o r o n  and z i n c  do n o t  a c t  a s  o r d i n a r y  

c a t a l y s t s .

In  v i e w  o f  t n e  p r e s e n t  k n o w l e d g e ,  brie w r i t e r  i s  u n a b l e  

t o  name t h e  e x a c t  r o l e  p l a y e d  by many e l e m e n t s  w h ic h  a r e  e f f e c t i v e

i n  m in u te  q u a n l i  b i a s . h o w e v e r ,  lie i s  i n c l i n e d  t o  c o n s i d e r  t h o s e

w h ic h  a c t  s i m i l a r  to  z i n c  a s  t r u e  e s s e n t i a l  e l e m e n t s  w h ic h  f u n c t i o n  

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

more o r  l e s s  p e r m a n en t  p a r t  o f  some m o l e c u l a r  s t r u c t u r e .

SUmiARY.

1 .  A l a r g e  number o f  e x p e r i m e n t s  a r e  r e c o r d e d  i n  w n ic h  p u re

c u l t u r e s  o f  d i f f e r e n t  f u n g u s  g e n e r a  w ere  grown i n  l i q u i d  m e d ia

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

some s o - c a l l e a  s t i m u l a t i n g  e l e m e n t s .

2 .  I n  a f a v o r a b l e  n u t r i e n t  s o l u t i o n  t h e  amount o f  v e g e t a t i v e  

g r o w t h  v a r i e s  a l m o s t  d i r e c t l y  w i t h  t h e  c o n c e n t r a t i o n  o f  su c h  

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

3 .  S e v e r a l  n i t r o g e n  compounds c a n  be u s e d  a s  s u i t a b l e  s o u r c e s  

o f  n i t r o g e n .  The amount o f  n i t r o g e n  a c t u a l l y  r e q u i r e d  d e p e n d s  

u p o n  t n e  c o n c e n t r a t i o n  o f  t h e  o t n e r  n u t r i e n t s .  Tne n i t r o g e n  

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

c u l t u r e  medium. In  t h e  p r e s e n c e  o f  n i t r a t e  s a l t s  o f  a l k a l i  m e t a l s  

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

t h e  r e v e r s e  i s  t r u e  i n  t h e  p r e s e n c e  o f  aarnoniurn n i t r a t e ,  “p r o b a b l y  

due t o  t h e  d i f f e r e n t  r a t e s  o f  i o n i c  a b s o r p t i o n .  The u s e  o f  

ammonium n i t r a t e  w i t h  t h e  n i t r a t e  s a l t s  o f  t h e  a l k a l i  m e t a l s  

r e t a r d s  t h e  d e v e lo p m e n t  o f  e x tr e m e  a c i d  o r  a l k a l i n e  c o n d i t i o n s  i n



- 8 4 -

t h e  c u l t u r e  medium. H o w ev er ,  t h o s e  f u n g i  w h ic h  e x c r e t e  o r g a n i c  

a c i d s  w i l l  i n c r e a s e  t h e  a c i d i t y  o f  t h e  medium r e g a r d l e s s  o f  t h e  

n i t r o g e n  s o u r c e .

4 .  The minimum am oun ts  o f  m agnesium  s u l p h a t e  a nd  mono • 

p o t a s s i u m  a c i d  p h o s p h a t e  n e c e s s a r y  t o  g i v e  maximum g r o w t h  was  

d e t e r m i n e d  u n d e r  c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s .  F u sa r iu in  

r a d i o i c o l a  701 and A s p e r g i l l u s  n i g e r  4 247w  ha v e  p r a c t i c a l l y

t h e  same mono p o t a s s i u m  a c i d  p h o s p h a t e  r e q u i r e m e n t .  The a d d i t i o n  

o f  more t h a n  t h e  r e q u i r e d  amount o f  m agnes ium  s u l p h a t e  to  th e  

medium r e s u l t e d  i n  g r o w t h  a c c e l e r a t i o n  h u t  g a v e  o n l y  s l i g h t  

i n c r e a s e s  i n  t h e  a r y  w e i g h t  y i e l d .  L a rg e  am ounts  o f  t n e  mono 

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

medium.

5 .  A n u t r i e n t  s o l u t i o n  o f  a p p r o x i m a t e l y  t h e  f o l l o w i n g  c o m p o s i t i o n

h a s  f e w  o b j e c t i o n a b l e  f e a t u r e s  f o r  c u l t u r e s  i n  12 5  c c .  E r l e n m e y e r

f l a s k s  c o n t a i n i n g  4 0 . 0  c c .  o f  s o l u t i o n .

P o t a s s i u m  n i t r a t e , ................................  KtTOg ..................  5 . 0 0 0  grams
M agnesium s u l p h a t e   ...................MgS(M. 7EL0 . .  2 . 0 0 0  u
Mono p o t a s s i u m  a c i d  p h o s p h a t e . .  KHgPO^ . . . . . .  2 . 0 0 0  "
G lu c o s e  o r  s u c r o s e   4 0 . 0 0 0  Tl
Z in c  s u l p h a t e ,  ZnSO ..................................................................  0 . 0 5 0  r!
D i s t i l l e d  w a t e r  t o  make volume o f  one  l i t e r .

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

The e x t e n t  o f  s u c h  r e s p o n s e s  w i l l  d ep en d  upon  t h e  p u r i t y  o f  t h e

n u t r i e n t  c o m p o n e n ts  and t h e  o r g a n i s m  e m p l o y e d .

6 .  More a c c u r a t e  r e s u l t s  can  be o b t a i n e d  w i t h  s e v e r a l  h a r v e s t s  

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

youn g  c u l t u r e s ,  due t o  d i f f e r e n c e s  i n  t h e  g r o w t h  r a t e  and t h e  

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

s l i g h t l y  " b e n e f i t t e d  "by t h e  a d d i t i o n  o f  m i n u t e  q u a n t i t i e s  o f  "boric, 

a c i d .

8 .  An i n c r e a s e  i n  g r o w t h  o f  F u s a r iu m  r a a i c i c o l a  701 was o b t a i n e d  

i n  t e s t  t u b e  c u l t u r e s  w i t h  ammonium n i t r a t e  a s  t h e  n i t r o g e n  s o u r c e  

by t h e  a d d i t i o n  o f  a p p r o x i m a t e l y  0 . 5 0 0  grams o f  b o r i c  a c i d  p e r  

l i t e r .

9 .  C a r e f u l  s t u d i e s  show ed  t h a t  b o r i c  a c i d  t o l e r a n c e  v a r i e d  w i t h  

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

10* The a d d i t i o n  o f  m anga n ese  t o  t h e  c u l t u r e  medium r e s u l t e d  i n  

an  a c c e l e r a t i o n  o f  g r o w t h  and a s l i g h t l y  g r e a t e r  dry  w e i g h t  o f  

m y c e l iu m .  The r e s p o n s e  t o  m ang an ese  was l e s s  t h a n  t o  z i n c .

1 1 .  A l l  t h e  F u s a r i a  c u l t u r e d  sh ow ed  d e f i n i t e  g r o w t h  r e s p o n s e s

t o  t h e  a d d i t i o n  o f  z i n c  t o  t h e  c u l t u r e  medium. The e x t e n t  o f  s u c h  

r e s p o n s e s  v a r i e d  somewhat w i t h  t n e  d i f f e r e n t  o r g a n i s m s .

1 2 .  Z i n c  i s  c o n s i d e r e d  a s  an e s s e n t i a l  e l e m e n t  w h ic h  f u n c t i o n s  i n  

a n a b o l i c  m e t a b o l i s m .
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