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ABSTRACT

AGRICULTURAL UTILIZATION OF A MYCELIA FILTER CAKE

BY

BOBBY JOE HOLDER

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

Upjohn P h a r m a c e u t i c a l  C o . ,  Kalamazoo,  M ich igan  t o  e v a l u a t e  a g r i c u l t u r a l  

l a n d  a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  c a k e  d e r i v e d  f r o m  l i n c o m y c i n  

p r o d u c t i o n .  Lincomycin  m y c e l i a  f i l t e r *  cake  was a p p l i e d  t o  a K a la m a z o o  

sandy  loam s o i l  ( f i n e - l o a m y ,  mixed ,  m e s i c  T y p ic  H a p l u d a l f )  i n  t h e  s p r i n g  

o f  1980 and 1981 a t  r a t e s  o f  0 ,  7 . 5 ,  1 6 . 0  and  3 0 . 5  d r y  m e t r i c  t o n s / h a .  

The  l i n c o m y c i n  f i l t e r  cake  proved  t o x i c  t o  c o r n  i n  1980 s o  w i n t e r  wheat  

was p l a n t e d  t o  h a l f  of  t h e  f i e l d  t o  c h e c k  r e s i d u a l  t o x i c  e f f e c t s .  A 

c h a n g e  i n  t h e  l i n c o m y c i n  p r o d u c t i o n  p r o c e s s  a n d  a  p e r i o d  o f  34 d ay s  

be tween  a p p l i c a t i o n  of  t h e  f i l t e r  cake  and p l a n t i n g  o f  c o rn  r e s u l t e d  i n  

no  t o x i c  e f f e c t s  t o  c o r n  i n  1981.  The w i n t e r  w heat  showed no r e s i d u a l  

t o x i c i t y  from t h e  1980 a p p l i c a t i o n  of  l i n c o m y c i n  a n d  s a m p l e s  o f  w h e a t  

g r a i n ,  c o r n  g r a i n  and  c o rn  l e a f  t i s s u e ,  a l l  f rom t h e  1981 c r o p s ,  showed 

no u p ta k e  of  l i n c o m y c i n .  I n  1981 t h e  y i e l d  o f  w h e a t  was 1 5 . 8 ,  2 6 . 5 ,  

3 1 . 2 ,  a n d  4 1 . 7  h l / h a  f o r  0 ,  7 . 5 ,  1 6 . 0 ,  and 3 0 .5  d r y  m e t r i c  t o n s / h a  o f  

f i l t e r  c a k e ,  r e s p e c t i v e l y .  The c o r n  y i e l d s  w e r e  4 9 ,  6 7 ,  8 4 ,  a n d  90 

h l / h a  f o r  t h e  same r a t e s  r e s p e c t i v e l y .  The y i e l d s  f o r  t h e  h i g h  r a t e s  

compared w e l l  w i t h  c o m m e r c i a l l y  f e r t i l i z e d  f i e l d s  o f  c o r n  a n d  w h e a t  on 

s i m i l a r  s o i l  t y p e s .



Bobby Joe Holder

D ata  f r o m  s u c t i o n  c u p  l y s l m e t e r s  a n d  f r o m  s o i l  sam p les  showed 

t h a t  NO3  and s o l u b l e - s a l t e  were  moving downward t h r o u g h  t h e  B o i l  p r o f i l e  

a n d  t h a t  t h e  c o n v e r s i o n  f r o m  NH4  t o  NO3  was  s l o w e d  down by t h e  

l i n c o m y c i n  w a s t e s .

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

l i n c o m y c i n  m y c e l i a  f i l t e r  cake  on a g r i c u l t u r a l  l a n d  a t  t h e  r a t e  o f  1 6 . 0  

d r y  m e t r i c  t o n s / h a  i s  e n v i r o n m e n t a l l y  s a f e  w i t h  r e g a r d  t o  NO3  p o l l u t i o n  

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

i s  d e g r a d e d  by s o i l  o r g a n i s m s  i n t o  u s e f u l  n u t r i e n t s .  These  n u t r i e n t s  

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

i n t o  t h e  p l a n t .
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INTRODUCTION

Many i n v e s t i g a t o r s  h a v e  s u g g e s t e d  t h a t  l a n d  a p p l i c a t i o n  may be a 

s a t i s f a c t o r y  u l t i m a t e  d i s p o s a l  method f o r  a n t i b i o t i c  w a s t e s .  Not o n l y  

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

which  c o u ld  be u s e d  by a g r l c u t u r a l  c r o p s ,  b u t  l a n d  a p p l i c a t i o n  a l s o  

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

w a s t e s  i n  s a n i t a r y  l a n d - f i l l s ,  o r  by i n c i n e r a t i o n ,  c o m p o s t i n g  o r  o c e a n  

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

m y c e l i a  a s  a  good s o i l  amendment.

Of g r e a t  im p o r t a n c e  i n  c o n s i d e r i n g  t h e  a p p l i c a t i o n  of  a n t i b i o t i c  

w a s t e s  t o  a g r i c u l t u r a l  l a n d  i s  a  m a n a g e m e n t  s y B te m  w h i c h  w i l l  a l l o w  

maximum c r o p  p r o d u c t i o n  w i t h o u t  d e g r a d i n g  t h e  e n v i ro n m e n t  and a t  t h e  

same t im e  a p p l y i n g  t h e  maximum p o s s i b l e  amounts o f  t h e s e  w a s t e s .

The m a jo r  c o n c e r n s  a s s o c i a t e d  w i t h  t h e  u s e  o f  a n t i b i o t i c  w a s t e s  on 

a g r i c u l t u r a l  l a n d  a r e  NO3  p o l l u t i o n  of  t h e  g r o u n d w a t e r ,  i n h i b i t e d  c ro p  

g ro w th  due t o  t h e  b u i l d - u p  of  s o l u b l e - s a l t s , and  a d d i t i o n  of  some t o x i c  

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

Thus ,  t h e  m a jo r  o b j e c t i v e  o f  t h i s  e x p e r i m e n t  was  t o  d e v e l o p  a  

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

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

S p e c i f i c  o b j e c t i v e s  w e r e  t o :  1) e v a l u a t e  l a n d  a p p l i c a t i o n  o f

l i n c o m y c i n  m y c e l i a  f i l t e r  c ak e  on a g r i c u l t u r a l  l a n d  and t o  d e t e r m i n e  t h e  

optimum a p p l i c a t i o n  r a t e s  t o  o b t a i n  s a t i s f a c t o r y  y i e l d s  o f  c o rn  and
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w i n t e r  w h ea t ;  2 ) d e t e r m i n e  I f  l i n c o m y c i n  I s  a b s o r b e d  by c o rn  o r  w hea tand  

I f  i t  i s  d e c o m p o s e d  i n  t h e  s o i l ;  a n d  3 )  d e t e r m i n e  t h e  maximum 

a p p l i c a t i o n  r a t e  of  f i l t e r  cake t h a t  may be made w i t h o u t  l e a c h i n g  NO3 .



LITERATURE REVIEW

One o f  t h e  many c h a l l e n g e s  f a c i n g  a g r i c u l t u r a l i s t s  i s  t o  d e v e lo p  

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

g e n e r a t e d  by  man (De Roo, 1 9 7 5 ) .  Many o f  t h e s e  w a s t e s  can  be r e t u r n e d  

to  t h e  s o i l  where p l a n t  n u t r i e n t s  may be r e c y c l e d  a n d  s o i l  p h y s i c a l  

p r o p e r t i e s  im proved  i n s t e a d  o f  d i s p o s i n g  o f  them i n  dumps and l a n d f i l l s  

o r  by i n c i n e r a t i o n .

Land a p p l i c a t i o n  has  become an  a t t r a c t i v e  u l t i m a t e  d i s p o s a l  method 

f o r  sewage s l u d g e  and c e r t a i n  t y p e s  of  o r g a n i c  w a s t e s .  T h e r e  a r e  v e r y  

g o o d  r e a s o n s  t o  u s e  t h e  s o i l - p l a n t  sy s t e m  f o r  o r g a n i c  w a s t e  d i s p o s a l :  

a )  human p a t h o g e n i c  a g e n t s  p r e s e n t  i n  t h e  w a s te  m a t e r i a l s  do n o t  r e a d i l y  

s u r v i v e  i n  t h e  h o s t i l e  s o i l  e n v i ro n m e n t ;  b) s o i l s  can  d e t o x i f y  h a z a rd o u s  

o r g a n i c s  by a d s o r p t i o n  f o l l o w e d  by m i c r o b i a l  d e c o m p o s i t i o n ;  c )  t h e  

n u t r i e n t s  p r e s e n t  I n  t h e  w a s t e  m a t e r i a l s  a r e  r e c y c l e d  t o  c r o p s ;  and d)  

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

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

i n t e r m e d i a t e s  of  d e g r a d a t i o n .  A l s o ,  l a n d  a p p l i c a t i o n  o f  o r g a n i c  w a s t e s  

i s  f a r  c h e a p e r  t h a n  a l t e r n a t i v e  t r e a t m e n t  methods  ( N e l s o n  and Sommers, 

1979 ) .

The p e r i o d  I n  w h i c h  t h e  m a j o r i t y  o f  a n t i b i o t i c s  were d i s c o v e r e d  

was f rom  1945 t o  1960 (Bew ick ,  1 9 7 7 ) .  D ur ing  t h i s  p e r i o d  o f  t i m e  m o s t  

o f  t h e  i n i t i a l  i n v e s t i g a t i o n s  on t h e  e f f e c t s  o f  a n t i b i o t i c s  i n  s o i l s ,  

u p t a k e  of  a n t i b i o t i c s  by p l a n t s ,  and  t h e  e f f e c t s  o f  a n t i b i o t i c s  on p l a n t

3
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p a t h o l o g y  were c a r r i e d  o u t .  There  was l i t t l e  emphasis  on t h e  r e c y c l i n g  

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

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

m a t e r i a l  t o  be d i s c a r d e d .  Towards t h e  end of  t h i s  p e r i o d  p h a r m a c e u t i c a l  

c om pan ie s  b e g a n  t o  l o o k  a t  t h e  f i e l d  o f  a n i m a l  f e e d s t u f f s  a n d  some 

companies  began  t o  m a rk e t  t h e  f e r m e n t a t i o n  w as te  a s  an a n im a l  f e e d ,  w i t h  

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

i n c r e a s e d  a p p e t i t e ,  i n c r e a s e d  e f f i c i e n c y  o f  f ood  c o n v e r s i o n  and r e d u c e d  

v i t a m i n  r e q u i r e m e n t s .  I n  t h e  l a t e  1 9 6 0 ’ s t h e r e  w as  a c h a n g e  i n  

a t t i t u d e s  t o w a r d  f e e d s t u f f  a d d i t i v e s  a n d  f e r m e n t a t i o n  w a s t e  c o u ld  no 

l o n g e r  be s o l d  a s  f e e d s t u f f .  More c o n c e r n  was shown f o r  t h e  e n v i ro n m e n t  

a n d  i t  b ecam e  m o re  d i f f i c u l t  f o r  t h e  p h a r m a c e u t i c a l  compan ies  t o  dump 

t h e i r  w a s t e s .  Along w i t h  t h i s ,  i n  t h e  e a r l y  1 9 7 0 ' s  t h e r e  was  a  g r e a t  

i n c r e a s e  i n  t h e  p r i c e  o f  raw m a t e r i a l s ,  i n c l u d i n g  f e r t i l i z e r s ,  and 

c l o s e r  e x a m i n a t i o n  h a s  h a d  t o  be made o f  t h e  l i m i t s  o f  o u r  n a t u r a l  

r e s o u r c e s .

The a p p l i c a t i o n  o f  I n d u s t r i a l  w a s t e s  a n d  s e w a g e  s l u d g e s  on 

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

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

and c o s t s  a s s o c i a t e d  w i t h  t h e  a l t e r n a t i v e  d i s p o s a l  m e thods .

The amounts of  t h e s e  w a s t e s  b e i n g  p ro d u ced  h a s  I n c r e a s e d  e a c h  y e a r  

as  ou r  s o c i e t y  became more t e c h n o l o g i c a l l y  o r i e n t e d  and  a s  t h e  demand 

f o r  c u r r e n t  a n t i b i o t i c s  i n c r e a s e d  and new a n t i b i o t i c s  were b ro u g h t  i n t o  

p r o d u c t i o n .  A l s o ,  t h e  i n c r e a s e d  c o s t s  o f  N f e r t i l i z e r s  h a v e  p r o v i d e d  

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

a g r i c u l t u r a l  l a n d .

T hese  w a s t e s  c o n t a i n  c o n s i d e r a b l e  N, a s  w e l l  a s  o t h e r  n u t r i e n t s
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w h i c h  a r e  v a l u a b l e  t o  t h e  a g r i c u l t u r a l  i n d u s t r y .  R e c e n t  r e p o r t s  

(Sommers  e t  a l . ,  1 9 7 9 ;  N e lso n  and Sommers, 1979;  De Roo, 1975; W r i g h t ,  

1975 and  1978) have i n d i c a t e d  a c t i v e  r e s e a r c h  p rograms aimed d i r e c t l y  a t  

t h e  u s e  of  c e r t a i n  i n d u s t r i a l  w a s t e s  s uch  a s  m y c e l i a  f o r  a g r i c u l t u r e .

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

r u m i n a n t s ,  t u r k e y s  and c h i c k s  s t i m u l a t e  g ro w th  ( B e w i c k ,  1 9 7 7 ) .  Optimum 

l e v e l s  r a n g e  b e t w e e n  2 a n d  50  ppm of  t h e  a n t i b i o t i c s .  The s t i m u l a t e d  

g r o w th ,  i n c r e a s e d  a p p e t i t e ,  and i n c r e a s e d  e f f i c i e n c y  o f  fo o d  c o n v e r s i o n  

a p p e a r e d  t o  be due t o  t h e  a c t i o n  o f  t h e  a n t i b i o t i c s  on t h e  m i c r o f l o r a  o f  

t h e  a n i m a l s  a s  g e r m - f r e e  a n i m a l s  showed no such  r e s p o n s e  ( B e w i c k ,  1 9 7 7 ;  

Hungate e t  a l . , 1955;  K l o p f e n s t e i n  e t  a l . ,  1 9 6 4 ) .

A n t i b i o t i c s  s u c h  a s  c h l o r t e t r a c y c l i n e  a n d  o x y t e t r a c y c l i n e  a r e  

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

e f f i c i e n c y  a n d  t o  m a i n t a i n  a n i m a l  h e a l t h  (A ddis  e t  a l . ,  1976,  Brown e t  

a l . , 1975; G i l l i a m  and  M a r t i n ,  1 9 7 5 ) .  A n t i b i o t i c s  I n g e s t e d  i n  f e e d  have  

b e e n  shown t o  be e x c r e t e d  i n  s i g n i f i c a n t  q u a n t i t i e s  i n  f e c e s  and u r i n e  

(Elmond e t  a l . , 1971; M o r r i s o n  e t  a l . ,  1 9 6 9 ;  T i e t j e n ,  1 9 7 5 ;  Warman e t  

a l . ,  1 9 7 7 ;  Webb and F o n t e n o t ,  1 9 7 5 ) .  M o r r i s o n  e t  a l . ,  (1969 )  and Elmond 

e t  a l . ,  (1971)  r e p o r t e d  t h a t  75% of  t h e  a n t i b i o t i c  c h l o r t e t r a c y c l i n e  f e d  

t o  c a t t l e  was r e c o v e r e d  from manure and  t h a t  t h e  e x c r e t e d  a n t i b i o t i c  had 

a h a l f - l i f e  of  l e s s  t h a n  2 0  d a y s .

Two t y p e s  o f  o r g a n i c  w a s t e s  a r e  b y - p r o d u c t s  o f  a n t i b i o t i c  

p r o d u c t i o n  (N e l s o n  and  Sommers, 1979) :

1 ) m y c e l i a  mat ( m i c r o b i a l  c e l l s  and f i l t e r  a i d )  f rom f i l t r a t e s

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

a n t i b i o t i c - p r o d u c i n g  o r g a n i s m s .

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

Th i s  i s  shown d i a g r a m a t i c a l l y  a s  f o l l o w s :

F e r m e n t e r  ----- by p r o d u c t m y c e l i a l vacuum
f i l t e r

;> MYOF.TiTA
| r e c o v e r y s l u r r y

a n t i b i o t i c b r o t h

t a n k

— c l a r i f i e r SLUDGE

e f f l u e n t

advanced
t r e a t m e n t

DISCHARGE

B a r k e r  e t  a l .  (1958)  examined t h e  p o s s i b i l i t i e s  o f  s p e e d i n g  up th e  

breakdown of  a n t i b i o t i c  w a s t e s  u s i n g  com pressed  a i r  i n  a sewage t a n k  and 

a c h i e v e d  80-90% r e d u c t i o n  I n  B .O . D .  A e r a t i o n  o f  l a g o o n s  w i t h  p u r e  

oxygen was a l s o  found  t o  p ro d u c e  90% r e d u c t i o n  i n  B . O . D .  ( L e d e r m a n  e t  

a l . ,  1 9 7 5 ) .  H i l g a r t  ( 1 9 5 0 ) ,  H u rw i tz  e t  a l .  ( 1 9 5 2 ) ,  Cushman and Hayes 

( 1 9 5 6 ) ,  and  Tompkins (1957)  d e v e l o p e d  e f f e c t i v e  m e t h o d s  f o r  t r e a t i n g  

a n t i b i o t i c  w a s t e  p r o d u c e d  by t h e  Upjohn Company, M ic h ig a n ,  U . S . A . ,  and 

B .O .D . ,  r e d u c t i o n  of  97% was a c h i e v e d .  S e v e r a l  o t h e r  p h a r m a c e u t i c a l  

c o m p a n i e s  a l s o  have b i o l o g i c a l  t r e a t m e n t  p l a n t s  t o  r e d u c e  t h e  B.O.D. o f  

f e r m e n t a t i o n  w a s t e s  (R e im ers  e t  a l .  ( 1 9 5 4 ) ;  E d m o n d s o n ,  1 9 5 4 ;  L i o n t a s ,  

1954;  Howe and P a r a d i s i o ,  1956; Horne and R i n a c a ,  1 9 6 0 ) .

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

has  r e a c h e d  p r o d i g i o u s  q u a n t i t i e s  i n  r e c e n t  y e a r s .  Many p a s t  p r a c t i c e s  

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

d i s c h a r g i n g  have  b e e n  b a n n e d  o r  s e v e r e l y  r e s t r i c t e d .  E v en  t h e  m ore  

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

u n d e r  a t t a c k  b e c a u s e  of  t h e  im p ac t  on t h e  e n v i r o n m e n t .

These  d i s p o s a l  p r o b le m s ,  a l o n g  w i t h  t h e  c o n c e p t  t h a t  many o f  t h e

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

o r g a n i c  w as te s *

S e v e r a l  s t u d i e s  have  c o n c l u d e d  t h a t  m o d e ra te  a p p l i c a t i o n  of  sewage 

s l u d g e s  and o t h e r  w a s t e s  can  i n c r e a s e  c r o p  p r o d u c t i o n  ( C u n n i n g h a m  e t  

a l . ,  1 9 7 5 ;  D o l a r  e t  a l . ,  1 9 7 2 ;  H i n e s l y  e t  a l . ,  1972; King and M o r r i s ,  

1972; Sabey e t  a l . ,  1 9 7 5 ) .  Most o f  t h e s e  i n v e s t i g a t i o n s  h a v e  r e l a t e d  

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

I n  t e rm s  o f  t h e  b e h a v i o r  o f  a n t i b i o t i c s  i n  s o i l s ,  t h e y  c a n  be 

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

1 )  B a s i c  a n t i b i o t i c s  ( i . e .  s t r e p t o m y c i n ,  n e o m y c i n  a n d  

e r y t h r o m y c i n )  a r e  a d s o r b e d  r a p i d l y  by c l a y  p a r t i c l e s  and  o r g a n i c  

m a t t e r .

2)  A c i d i c  a n t i b i o t i c s ,  s u c h  a s  p e n i c i l l i n  and c h l o r a m p h e n i c a l ,  

a l t h o u g h  n o t  a d s o r b e d ,  a r e  I n a c t i v a t e d  r a p i d l y  by m i c r o - o r g a n i s m s  

i n  t h e  s o i l .

3 )  A m p h o t e r i c  a n t i b i o t i c s  ( i . e .  a u r e o m y c i n ,  t e r r a m y c i n  a n d  

b a c i t r a c i n )  can  a c t  e i t h e r  a s  a c i d s  o r  b a s e s ,  b u t  a s  t h e  pH o f  t h e  

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

behave  a s  b a s e s  and a r e  a d s o r b e d  o n to  c l a y  m i n e r a l s .

The  a d s o r p t i o n  o f  a n t i b i o t i c s  by s o i l  h a s  been  shown by many w o rk e r s  

(Waksman and W o o d ru f f ,  1942; Framer  and S t a r k e y ,  1 9 5 1 ;  G r e g o r y  e t  a l . ,  

1 9 5 2 ;  H e s s a y o n ,  1 9 5 3 )  and  s t u d i e d  e x t e n s i v e l y  be S im i n o f f  and  G o t t l i e b

( 1 9 5 1 ) ,  G o t t l i e b ,  S i m i n o f f  a n d  M a r t i n  ( 1 9 5 2 ) ,  G o t t l i e b  a n d  S i m i n o f f

( 1 9 5 2 ) ,  J e f f e r y s  ( 1 9 5 2 ) ,  M a r t i n  and  G o t t l i e b  (1 9 5 2 ,  1 9 5 5 ) ,  P i n c k ,  H o l to n  

and  A l l i s o n  ( 1 9 6 1 ) ,  P i n c k  and  A l l i s o n  ( 1 9 6 1 ,  1 9 6 2 ) ,  P r a m e r  a n d  S t a r k y  

( 1 9 6 2 ) ,  S o u l i d e s  ( 1 9 6 9 ) ,  a n d  G h o s a l  a n d  M u k h e r j l  ( 1 9 7 0 ) .  B a s i c  

a n t i b i o t i c s  e g .  s t r e p t o m y c i n ,  d i h y d r o s t r e p t o m y c i n ,  neom yc in ,  k a n a m y c i n ,
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a n d  e r y t h r o m y c i n  a r e  a d s o r b e d  b y  t h e  c l a y  m i n e r a l s  s m e c t i t e  

( r a o n t m o r i l l o n i t e ) , h y d r o u s  m i c a  ( i l l i t e  and b e n t o n i t e ) ,  k a o l i n i t e  and 

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

same a n t i b i o t i c  ( P i n c k  e t  a l . ,  1 9 6 2 ) .  A d s o r p t i o n  o f  a n t i b i o t i c s  i s  n o t  

a lw ays  pe rm a nen t  a n d  some a n t i b i o t i c s  c a n  be  r e l e a s e d  f r o m  t h e  c l a y  

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

p r e v a l e n t  w i t h  a m p h o t e r i c  t h a n  w i t h  b a s i c  a n t i b i o t i c s  ( S o u l i d e s  e t  a l . ,  

1 9 6 1 ,  P i n c k ,  S o u l i d e s  a n d  A l l i s o n  ( 1 9 6 1 ) .  G hosa l  and M u k h e r j i  (1970)  

found  t h a t  d i f f e r e n t  c a t i o n s  can p ro d u ce  d i f f e r e n t  r a t e s  o f  r e l e a s e  o f  

s t r e p t o m y c i n  f r o m  c l a y s .  I n  t h e  c a s e  o f  s t r e p t o m y c i n ,  S im i n o f f  and 

G o t t l i e b  ( 1 9 5 1 )  a n d  J e f f e r y s  ( 1 9 5 2 )  f o u n d  i t  t o  b e  i n a c t i v e  w h e n  

a d s o r b e d  on s o i l  and  m o n t r a o r i l l o n l t e ;  w h e r e a s ,  Pramer  and S t a r k e y  (1951 ,  

1953) r e p o r t e d  i t  t o  be b a c t e r i c i d a l .  J e f f e r y s  ( 1 9 5 2 )  a n d  P r a m e r  a n d  

S t a r k e y  (1951 )  r e p o r t e d  t h a t  i t  u n d e rg o e s  m i c r o b i a l  d e c o m p o s i t i o n .

Bewick (1977)  f o u n d  t h a t  t h e  l e v e l s  o f  t y l o s i n  r e l e a s e d  by 

p h o s p h a t e  b u f f e r s  f rom c l a y s  was g r e a t e s t  i n  k a o l i n i t e  a n d  i l l i t e  (25  

a n d  30 p e r  c e n t ,  r e s p e c t i v e l y ) .  B e n t o n i t e  and m o n t m o r i l l o n i t e  c l a y s ,  

w i t h  a h i g h e r  c a t i o n - e x c h a n g e  c a p a c i t y ,  s h o w e d  t y l o s i n  r e l e a s e  o f  7 . 6  

a n d  7 . 4  p e r  c e n t ,  r e s p e c t i v e l y .  He a l s o ,  p o i n t s  o u t  t h a t  s o i l  

t e m p e r a t u r e  had l i t t l e  e f f e c t  on t h e  amount of  t y l o s i n  r e l e a s e d .  At a l l  

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

amounts  of  t y l o s i n .

Many w o rk e r s  h a v e  s h o w n  t h a t  i l l i t e  a n d  k a o l i n i t e  h a v e  a  lo w  

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

M u k h e r j i ,  1 9 7 0 ;  P i n c k ,  H o l t o n ,  and A l l i s o n ,  1961;  P i n c k ,  S o u l i d e s  and 

A l l i s o n ,  1961;  S im i n o f f  and  G o t t l i e b ,  1 9 5 1 ) .  T h i s  i s  b e c a u s e  o f  t h e  

n o n - e x p a n d i n g  l a t t i c e  i n  t h e s e  c l a y s  w i t h  r e s u l t i n g  r e s t r i c t i o n  o f
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c a t i o n - e x c h a n g e  t o  t h e  o u t e r  s u r f a c e s  of  t h e  c l a y  p a r t i c l e s .  M a r s h a l l  

(1964)  h a s  shown t h a t  c a t i o n - e x c h a n g e  i s  h i g h e r  i n  i l l i t e  b e c a u s e  of  t h e  

p r e s e n c e  of  h y d r a t e d  l a y e r s  i n t e r l a c e d  w i t h  t h e  mica u n i t s  of  t h e  c l a y .

B e f o r e  t h e  r e s i d u e  f ro m  any  a n t i b i o t i c  f e r m e n t a t i o n  c o u ld  be u sed  

a s  a  f e r t i l i z e r  i t  would have  t o  be d e t e r m i n e d  w h e th e r  o r  n o t  low l e v e l s  

o f  t h e  a n t i b i o t i c  t h a t  may be p r e s e n t  would be t a k e n  up by p l a n t s  and 

what  t h e  e f f e c t s  on g ro w th ,  i f  a n y ,  w o u ld  b e .  Numerous  s t u d i e s  h a v e  

been  c o n d u c te d  on t h e  u p t a k e  of  a n t i b i o t i c s  by p l a n t s .  T h i s  s u b j e c t  was 

rev ie w e d  by B r i a n  (1957)  and  Goodman ( 1 9 6 2 ) .  T h e s e  s t u d i e s  h a v e  b e e n  

c o n c e rn e d  m a in ly  w i t h  t h e  u p t a k e  o f  s t r e p t o m y c i n  and i t s  e f f e c t  on p l a n t  

g ro w th  ( P r a m e r ,  1 9 5 3 ;  R o s e n ,  1954 ;  G r a y ,  1 9 5 5 ;  D ye ,  1 9 5 6 ;  B a j a j  and  

D u r b i n ,  1 9 6 1 ;  D r u r y  and Khan,  1969;  E l l i s  and S i n c l a i r ,  1974; M ukhe r j i  

and  Bag,  1974; M u k h e r j i ,  Bag and P a u l ,  1 9 7 5 ) .  O t h e r  a n t i b i o t i c s  h a v e  

a l s o  been  i n v e s t i g a t e d :  g r i s e o f u l v i n  ( B r i a n  e t  a l . ,  1951; Crowdy e t  a l . ,  

1955,  1956; S r i v a s t r a ,  1 966 ) ,  c h l o r a m p h e n i c a l  ( P r a m e r ,  1 9 5 3 ,  Crowdy e t  

a l . ,  1 9 5 5 ) ,  a n d  a u r e o m y c i n ,  n e o m y c i n  a n d  t e r r a m y c i n  (P ra m e r ,  1 9 5 3 ) .  

S t r e p t o m y c i n ,  a t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  100 u g / m l  was f o u n d  t o  

i n h i b i t  r o o t  a n d  s h o o t  deve lopm en t  i n  many p l a n t s  a l t h o u g h  t h i s  e f f e c t  

c o u l d  be r e v e r s e d  by a d d i t i o n s  o f  Mn ( R o s e n ,  1 9 5 4 ;  G r a y ,  1 9 5 5 ) .  

G r i s e o f u l v i n  a n d  c h l o r a m p h e n i c a l  w e r e  a l s o  f o u n d  t o  b e  t a k e n  up by 

p l a n t s ,  w h i l e  a u r e o m y c in ,  neomycin  and t e r r a m y c i n  d i d  n o t  a p p e a r  t o  be  

t a k e n  up  by c u c u m b e r  s e e d l i n g s  ( P r a m e r ,  1 9 5 3 ) .  T h e r e  h a v e  b e e n  no 

r e p o r t s  i n  t h e  l i t e r a t u r e  t o  d a t e  c o n c e r n i n g  t h e  u p t a k e  of  low l e v e l s  o f  

a n t i b i o t i c s  c o n t a i n e d  i n  f e r m e n t a t i o n  w a s t e .

A t te m p ts  t o  s e t  g u i d e l i n e s  on  r a t e s  o f  a p p l i c a t i o n  o f  o r g a n i c  

w a s t e s  have  f r e q u e n t l y  been  b a s e d  on t h e  N c o n t e n t  o f  t h e  w a s t e s  and t h e  

N demand of  t h e  ag ronom ic  c ro p  (Powers  e t  a l . ,  1 9 7 5 ) .  S t u d i e s  have  shown
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t h a t  a p p l i c a t i o n s  o f  o r g a n i c  w a s t e s  t o  a g r i c u l t u r a l  s o i l s  i n  l a r g e  

q u a n t i t i e s  c a n  c a u s e  g r o u n d w a t e r  p o l l u t i o n  s i n c e  NO3  can  be r e a d i l y  

l e a c h e d  t h r o u g h  t h e  s o i l  (Chang e t  a l . ,  1 9 7 3 ;  K in g  a n d  M o r r i s ,  1 9 7 2 ) .  

T h e r e f o r e ,  r a t e s  m u s t  be c a r e f u l l y  a s s e s s e d  t o  o b t a i n  t h e  d e s i r e d  c ro p  

b e n e f i t s  f rom added  N and y e t  m a i n t a i n  a q u a l i t y  e n v i r o n m e n t .  I t  i s  

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

o r g a n i c  w a s te  be l i m i t e d  t o  l e s s  t h a n  t w i c e  t h e  N r e q u i r e m e n t  o f  t h e  

c r o p  g r o w n .  T h u s ,  t h e  m i n e r a l i z a t i o n  r a t e  o f  t h e  added  w a s t e  must  be 

known i n  o r d e r  t o  c a l c u l a t e  p r o p e r  l e v e l s  of  l a n d  a p p l i c a t i o n .

I n  t h e  w o r k  d o n e  by W r i g h t  ( 1 9 7 8 )  i t  w a s  n o t e d  t h a t  t h e  N 

m i n e r a l i z a t i o n  r a t e  on  m y c e l i a  f i l t e r  w a s t e  was v e r y  f a s t .  I n  h i e  

l a b o r a t o r y  e x p e r i m e n t  h e  n o t e d  t h a t  a s  much a s  95% o f  t h e  o r g a n i c  N 

added  was m i n e r a l i z e d  w i t h i n  24 weeks of  i n c u b a t i o n .  H o w e v e r ,  he  a l s o  

s t a t e d  t h a t  t h e  m i n e r a l i z a t i o n  r a t e  o f  t h e  f e r m e n t a t i o n  w a s t e s  was n o t  

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

o c c u r r i n g  w i t h i n  8  weeks o f  a p p l i c a t i o n .



MATERIALS AND METHODS

F i e l d  S t u d i e s

M y c e l i a  f i l t e r  c a k e  w a s  a p p l i e d  t o  a  K a l a m a z o o  s a n d y  l o a m  

( f i n e - l o a m y ,  m ixed ,  m e s i c  T y p lc  H a p l u d a l f )  by use  of  a  f l a i l  s p r e a d e r  a t  

r a t e s  of  0 ,  7 . 5 ,  1 6 .0  and 3 0 . 5  d r y  m e t r i c  t o n s / h a  and im m e d i a t e l y  d i s k e d  

t o  a d e p t h  o f  25 cm. The s t u d y  was o r i g i n a l l y  d e s i g n e d  t o  be a two y e a r  

s t u d y  com par ing  t h r e e  r a t e s  o f  a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  cake  e i t h e r  

a n n u a l l y  o r  a p p l i e d  o n c e .  The e i g h t  1 5 . 2  by  3 0 . 4  m e t e r  p l o t s  w e r e  

r e p l i c a t e d  f o u r  t i m e s  and t h e  e x p e r i m e n t a l  d e s i g n  was a randomized  b lo c k  

d e s i g n .  The a p p l i c a t i o n s  were d e s i g n e d  a s  f o l l o w s :

T r e a tm e n t  1 -  no  f i l t e r  cake  a p p l i e d  1980 o r  1981

T r e a tm e n t  2 -  no f i l t e r  cake  a p p l i e d  1980 o r  1981

T r e a tm e n t  3 -  7 .5  d r y  m e t r i c  t o n s / h a  a p p l i e d  1980 and 1981

T re a tm e n t  4 - 7 . 5  d r y  m e t r i c  t o n s / h a  a p p l i e d  1980 and 1981

T r e a tm e n t  5 -  16 .0  d r y  m e t r i c  t o n s / h a  a p p l i e d  1980 and 1981

T r e a tm e n t  6  -  1 6 . 0  d r y  m e t r i c  t o n s / h a  a p p l i e d  1980 and 1981

T r e a tm e n t  7 — 3 0 .5  d r y  m e t r i c  t o n s / h a  a p p l i e d  1980 and 1981

The r a t e s  of  m y c e l i a  f i l t e r  c a k e  u s e d  were  b a s e d  on t h e  n i t r o g e n

c o n t e n t  of  t h e  f i l t e r  cake  a s s u m i n g  t h a t  8 0  p e r c e n t  o f  t h i s  n i t r o g e n  

w o u l d  be  a v a i l a b l e  d u r i n g  t h e  g row ing  s e a s o n .  T a b l e  1 g i v e s  t h e  a c t u a l  

q u a n t i t i e s  of  m y c e l i a  cake  a p p l i e d  i n  t h e  f i e l d .

S o i l  s am ples  w e r e  o b t a i n e d  p r i o r  t o  t h e  a p p l i c a t i o n  o f  m y c e l i a  

f i l t e r  cak e  by c o l l e c t i n g  20 c o r e s  f rom e a c h  p l o t  t o  a  d e p t h  o f  90  cm. 

Each c o r e  was d i v i d e d  by d e p t h  i n t o  t h e  f o l l o w i n g  i n c r e m e n t s :  0 - 1 5 ,

11
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1 5 -3 0 ,  3 0 - 4 5 ,  4 5 - 6 0 ,  6 0 - 9 0  cm. E a c h  f o u r  w eek s  d u r i n g  t h e  g r o w i n g  

s e a s o n  s o i l  s a m p l e s  w e r e  c o l l e c t e d  t o  a  d e p t h  of  45 cm ( 0 - 1 5 ,  1 5 -3 0 ,  

3 0 - 4 5  c m ) .  A f t e r  t h e  c o r n  was h a r v e s t e d ,  s o i l  s a m p l e s  w e r e  a g a i n  

c o l l e c t e d  t o  a d e p t h  o f  90 cm. The a n a l y s e s  p e r f o r m e d  a r e  shown i n  

t a b l e  2 .

T a b l e  1 .  R a t e s  o f  a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  cake  i n  1980.___________

T r e a tm e n t  Wet Weight  A p p l i e d  Dry H e ig h t  A p p l i e d  N i t r o g e n  A p p l i e d
t o n s / a c r e m e t r i c

t o n s / h a
t o n e / a c r e m e t r i c

t o n s / h a
l b s / a c r e k g / h a

C o n t r o l none none none

Low 9 .0 6 20 .4 3 .35 7 .5 114 128

Medium 19 .20 4 3 . 0 7 .13 16 .0 242 272

High 3 3 .7 0 7 5 .0 13 .58 3 0 .5 462 518

Corn was p l a n t e d  on  a l l  p l o t s  i n  1980  I m m e d i a t e l y  f o l l o w i n g  t h e  

a p p l i c a t i o n  of  m y c e l i a  f i l t e r  c a k e .  S in c e  t h e  m a t e r i a l  p ro v e d  t o x i c  t o  

c o r n ,  t h e  o r i g i n a l  e x p e r i m e n t  was m o d i f i e d  i n  t h e  f o l l o w i n g  way: a f t e r  

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

p l a n t e d  t o  w i n t e r  w h e a t .  I n  1981 t h e  w e s t e r n  h a l f  o f  t h e  t o t a l  a c r e a g e  

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

f i l t e r  cake  m igh t  be e s t i m a t e d  w h i l e  t h e  e a s t e r n  h a l f  was d i s k e d  and t h e  

same r a t e s  o f  m y c e l i a  f i l t e r  c a k e  a p p l i e d  a s  i n  1 9 8 0  g i v i n g  f o u r  

r e p l i c a t i o n s  o f  c o n t r o l ,  l o w ,  medium and h i g h  a p p l i c a t i o n s  o f  m y c e l i a  

f i l t e r  c a k e .  I n  1981 c o r n  was n o t  p l a n t e d  u n t i l  34 d a y s  f o l l o w i n g  t h e  

a p p l i c a t i o n  of  t h e  f i l t e r  c a k e .

S ix  p l o t s  w e r e  r a n d o m l y  s e l e c t e d  i n  w h i c h  p o r o u s  cup l y s l m e t e r s  

were  I n s t a l l e d  so  t h a t  c o n t a m i n a t i o n  o f  g r o u n d w a t e r ,  i f  a n y ,  migh t  be
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Table 2. Analysis performed on soil samples*
P a r a m e t e r Sampl ing  p e r i o d

1 s t Each 4 t h  week* L a s t

K j e l d a h l  N X X
NH4 X X X
NO3 X X X
A v a i l .  P X X
E x ch a n g e a b le  Ca X X

Mg X X
K. X X

DTPA E x t r a c t a b l e Zn X X
Cu X X

i f  i l Mn X X
i »  n Fe X X
• f  i i Ni X X
t r  ■■ Cd X X

pH X X
E l e c t r i c a l
C o n d u c t i v i t y X X X

*Samples  were  c o l l e c t e d  e a c h  f o u r t h  week d u r i n g  t h e  g row ing  s e a s o n .

d e t e c t e d .  The  p o r o u s  cup  l y s l m e t e r s  w e r e  b u r i e d  t o  a d e p t h  o f  152 

cm (60 .8  i n c h e s )  and sampled  m on th ly  d u r i n g  t h e  g row ing  s e a s o n .

Y i e l d s  of  c o r n  g r a i n  a n d  w h e a t  g r a i n  w e r e  e s t i m a t e d  by h a n d  

h a r v e s t i n g  two rows of  c o r n  and  w h e a t ,  e a c h  25 f e e t  i n  l e n g t h ,  from eac h  

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

e s t i m a t e  of  t h e  f i n a l  y i e l d .  The whea t  was t h r a s h e d  i n  a h e a d  t h r a s h e r  

and t h e  g r a i n  was w e ighed  f o r  y i e l d  e s t i m a t e .

Samples of  t h e  c o r n  t i s s u e  were o b t a i n e d  d u r i n g  t h e  g row ing  s e a s o n  

by c o l l e c t i n g  t h e  e a r  l e a f  f rom t e n  p l a n t s  p e r  p l o t  a t  t h e  t im e  t h e  c o r n  

t a s s e l s  and sam p les  of  t h e  g r a i n  were c o l l e c t e d  a t  t h e  t im e  o f  h a r v e s t .

T i s s u e  sam p le s  o f  c o r n  w e r e  a n a l y z e d  f o r  t o t a l  N, P ,  Ca, Mg, and 

K. S a m p le s  w e r e  a l s o  s e n t  t o  U p jo h n  l a b o r a t o r i e s  a n d  a n a l y z e d  f o r  

l i n c o m y c i n .  Samples  o f  wheat  g r a i n  were a l s o  a n a l y z e d  f o r  l i n c o m y c i n .
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L a b o r a t o r y  Methods

K j e l d a h l  N -  S t a n d a r d  m e t h o d s  w e r e  u s e d  which  do n o t  i n c l u d e  n i t r a t e  

n i t r o g e n .

Ammonium -  Steam d i s t i l l a t i o n .

N i t r a t e  -  T e c h n i c o n  s t a n d a r d  m e thod .  R e d u c t io n  of  n i t r a t e  t o  n i t r i t e  

by C d - C u  r e d u c t i o n  c o l u m n  a n d  s u b s e q u e n t  c o l o r i m e t r i c  

d e t e r m i n a t i o n  o f  n i t r a t e .  The n i t r i t e  p r e s e n t  i n  t h e  sample i s  

s u b t r a c t e d .

A v a i l a b l e  P -  Bray  P I .  S o i l  was e x t r a c t e d  w i t h  0 . 0 2 5  N HC1 + 0 . 0 3  N 

NH4 F w i t h  a  s o i l  t o  s o l u t i o n  r a t i o  of  1 : 1 0 .

E xch a n g eab le  i o n s  -  S o i l  was e x t r a c t e d  w i t h  1 N NH^OAc a t  pH 7 . 0  and Ca 

and  Mg measured by a t o m ic  a b s o r p t i o n  s p e c t r o p h o t o m e t r y  and  K by 

f lam e  p h o t o m e t r y .

DTPA E x t r a c t a b l e  m e t a l s  -  S o i l  was e x t r a c t e d  w i t h  DTPA by t h e  method 

o f  L in d sa y  and  N o r v e l l  ( 1 9 7 8 ) .  A l l  m e t a l s  a r e  d e t e r m i n e d  i n  t h e  

e x t r a c t  by p la sm a  e m i s s i o n  s p e c t r o s c o p y .

S o i l  R e a c t i o n -  The pH o f  a  1 :1  s o i l  t o  d i s t i l l e d  w a t e r  m i x t u r e  was 

measured  w i t h  a n  O r io n  801 pH m e te r  w i t h  a  g l a s s  e l e c t r o d e .

E l e c t r i c a l  C o n d u c t i v i t y  -  The c o n d u c t a n c e  o f  a  1 : 2  s o i l  t o  d i s t i l l e d  

w a t e r  s u s p e n s i o n  was  m e a s u r e d  a n d  t h e  v a l u e s  c o r r e c t e d  t o  30 

p e r c e n t  m o i s t u r e .



RESULTS AND DISCUSSION

I n  1980,  l i n c o m y c i n  f i l t e r  c ak e  p r o v e d  t o x i c  t o  c o r n  a t  a l l  

l e v e l s  of  a p p l i c a t i o n .  The c o r n  damage i s  r e f l e c t e d  i n  t h e  r e d u c e d  

y i e l d  a t  t h e  two h i g h e r  a p p l i c a t i o n  r a t e s  ( T a b l e  3 ) .  The c o n t r o l  p l o t s  

y i e l d e d  51 h e c t o l i t e r s  p e r  h e c t a r e  and t h e  maximum y i e l d  was a t  t h e  low 

a p p l i c a t i o n  r a t e  w hich  y i e l d e d  o n ly  58 h e c t o l i t e r s  p e r  h e c t a r e .  The low 

t r e a t m e n t  showed some damage t o  t h e  c o r n  f r o m  a p p l i e d  m y c e l i a  f i l t e r  

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

w i t h  t h e  h i g h  t r e a t m e n t  y i e l d i n g  o n l y  2 0  h e c t o l i t e r s  p e r  h e c t a r e .

T a b l e  3. E f f e c t  o f  
and  y i e l d

l i n c o m y c i n  
o f  c o rn  i n

m y c e l i a  f i l t e r  cake 
1980.

on g row th

T re a tm e n t E s t i m a t e d
S tand

Y ie l d *

% b u s h e l s / a c r e h l / h a

C o n t r o l 80 58 51

Low** 55// 67// 58//

Medium** 45 61 53

High** 15 23 2 0

* Y i e l d  i s  c o r r e c t e d  t o  15.5% m o i s t u r e  on a  wet  w e ig h t  b a s i s .

**Low i s  7 . 5  d r y  m e t r i c  t o n s / h a ,  Medium i s  16 .0  d r y  m e t i c  t o n s / h a ,  and 
High i s  3 0 . 5  d r y  m e t r i c  t o n s / h a  a p p l i e d  im m e d i a t e l y  b e f o r e  p l a n t i n g .

//Mean o f  6  r e p l i c a t i o n s ;  o t h e r  v a l u e s  a r e  means o f  8  r e p l i c a t i o n s .
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O b s e r v a t i o n  o f  t h e  c o r n  dam age  w e r e  made 29 d a y s  a f t e r  s e e d i n g  

(T a b l e  3 ) .  The r o o t  s y s t e m  o f  t h e  c o r n  p l a n t s  show ed  l i t t l e  damage 

i n d i c a t i n g  t h e  p r o b a b i l i t y  t h a t  a p h y t o t o x i c  m a t e r i a l  had been  a b s o r b e d  

t h r o u g h  t h e  r o o t s  and t r a n s l o c a t e d  i n t o  t h e  p l a n t ,  R o s e n ,  ( 1 9 5 4 )  a n d  

G r a y ,  ( 1 9 5 5 )  found  t h a t  s t r e p t o m y c i n  a t  c o n c e n t r a t i o n s  g r e a t e r  th a n  100 

u g /m l  i n h i b i t e d  r o o t  and  s h o o t  deve lopm ent  which  was  l a t e r  r e v e r s e d  by 

a d d i t i o n s  o f  Mn. However, s t r e p t o m y c i n  i s  a p u re  a n t i b i o t i c  and s h o u ld  

be more l i k e l y  t o  be a b s o r b e d  i n t o  t h e  p l a n t  t h a n  i s  an  a n t i b i o t i c  w a s te  

which u s u a l l y  o n ly  shows t r a c e s  o f  t h e  p u r e  a n t i b i o t i c .

I n  l i g h t  o f  t h e  t o x i c  e f f e c t s  on co rn  i n  1980 ,  two v e r y  i m p o r t a n t  

q u e s t i o n s  a r i s e :  1 ) can  t h e  l i n c o m y c i n  m y c e l i a  f i l t e r  c a k e  be m a n a g e d

t o  be n o n - t o x i c  t o  an a g r i c u l t u r a l  c r o p ,  and 2 ) w i l l  t h e  m y c e l i a  f i l t e r  

c ak e  have r e s i d u a l  t o x i c  e f f e c t s ?

Management o f  N i n  w a s t e  m a t e r i a l  i s  o f  c r i t i c a l  i m p o r t a n c e  i n  

b o t h  a g r i c u l t u r a l  p r o d u c t i o n  and e n v i r o n m e n t a l  q u a l i t y .  The  1980  d a t a  

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

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

a d d i t i o n  t o  t h e  t o x i c  e f f e c t s  t o  t h e  c o r n .  The c o r n  had  r e l a t i v e l y  

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

a p p l i c a t i o n  o f  t h e  m y c e l i a  f i l t e r  cake  w a s t e  ( T a b l e  8 ) .  Corn r e q u i r e s  

t h e  l a r g e s t  amount o f  N d u r i n g  t h e  month o f  J u l y ,  d u r i n g  w h ich  t i m e  t h e  

N s h o u l d  be  w e l l  d i s t r i b u t e d  t h r o u g h o u t  t h e  r o o t  z o n e .  Our d a t a  show 

g r e a t e r  movement o f  N t o  t h e  l o w e r  d e p t h s  o c c u r r e d  i n  t h e  medium a n d  

h i g h  r a t e s  o f  m y c e l i a  f i l t e r  cake  d u r i n g  t h e  months  o f  J u l y  and A u g u s t .  

T he  I n c r e a s e d  dow nward  m ovem en t  o f  NO3  t h r o u g h  t h e  s o i l  p r o f i l e  was 

p r o b a b l y  d u e  t o  t h e  s p a r s e  s t a n d  o f  c o rn  which  removed l e s s  NO3  f rom 

t h e  s o i l  i n  t h e  h i g h e r  t r e a t m e n t  p l o t s .  Weed g row th  i n  l a t e  A u g u s t  a n d
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September  t h e n  removed l a r g e  q u a n t i t i e s  of  NO3  f rom t h e  s o i l .

The w i n t e r  w h e a t  i s  c o n s i d e r e d  a r e s i d u a l  s t u d y .  H o w e v e r ,  a s  

a l r e a d y  n o t e d ,  t h e  c ro p  was n o t  removed from t h e  f i e l d  a t  t h e  end of  t h e  

g row ing  s e a s o n ,  b u t  was d i s k e d  back i n t o  t h e  s o i l .  T he re  would p r o b a b l y  

be l e s s  r e s i d u a l  N c a r r y - o v e r  f r o m  a f i e l d  t h a t  h a d  a good  c o r n  c r o p  

removed.

The y i e l d  o f  c o r n  a n d  w h e a t  i n  1 9 8 1  a r e  c o m p a r a b l e  t o  w e l l  

f e r t i l i z e d  c r o p s  on s i m i l a r  ty p e  s o i l s  ( T a b l e s  4 and  5 ) .

T a b l e  4 .  Y i e l d  o f  w heat  from r e s i d u a l  m y c e l i a  f i l t e r  c a k e .

T re a tm e n t Weight  A p p l i e d Y i e l d  o f Wheat
m e t r i c  t o n s / h a Bu/Acre h l / h a

C o n t r o l none 1 8 .2 1 5 .8

Low 7 . 5 30 .4 2 6 .5

Medium 16 .0 35 .8 3 1 .2

High 3 0 .5 47 .4 4 1 . 2
*Dry weigh of  L incom yc in  m y c e l i a  f i l t e r  cake  a p p l i e d  i n  1980 

y i e l d s  a r e  f o r  t h e  1981 s e a s o n .

T a b l e  5.  Y i e l d  of  c o rn  a s  a f f e c t e d  by r a t e  o f  m y c e l i a  f i l t e r  
_ cake  a p p l i e d  i n  1981__________________________________________

T re a tm e n t Y i e l d  of Corn
b u / a c r e A h l / h a

C o n t r o l 56 49

Low 77 67

Medium 96 84

High 103 90
* C o r r e c t e d  t o  15.5% m o i s t u r e  on a wet  w e ig h t  b a s i s .
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The c o rn  f o r  1981 s h o w e d  n o  dam age  f r o m  t h e  l i n c o m y c i n  f i l t e r  

c a k e .  T h e re  a r e  two p r o b a b l e  r e a s o n s  f o r  t h i s :  1) i n  1 9 8 1 ,  t h e  c o r n

was  s e e d e d  34 d a y s  a f t e r  t h e  m y c e l i a  f i l t e r  c a k e  was a p p l i e d  t o  t h e  

s o i l ;  and  2 ) a  change  i n  p r o c e s s i n g  removed more of  t h e  l i n c o m y c i n  f r o m  

t h e  f i l t e r  cake  u sed  i n  1981 compared t o  t h e  1980 p r o c e s s i n g .

The c o r n  i n  b o th  1980 and 1981 showed some N d e f i c i e n c y  ( T a b l e  6 ) .  

In  1980,  t h e s e  symptoms were r e a d i l y  o b s e r v a b l e  i n  a l l  p l o t s ;  w h e r e a s ,  

i n  1981 t h e y  were  s e e n  i n  t h e  c o n t r o l  and low t r e a t m e n t  p l o t s  o n l y .

T a b le  6 . T o t a l  n i t r o g e n  i n  e a r  l e a f  o f  c o r n  a s  a f f e c t e d  by
a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  c a k e .

D ate T re a tm e n t
C o n t r o l Low Medium High

1980 20 ,800

ppm*

25 ,900 30 ,000 30 ,300

1981 2 0 ,6 0 0 2 2 , 0 0 0 27 ,100 28 ,000

*Each v a l u e  i s  an  a v e r a g e  of  8  r e p l i c a t i o n s .

The d a t a  from t h e  whea t  y i e l d  (T a b l e  4)  i n d i c a t e s  t h a t  t h e r e  i s  no 

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

1980.

The sam p le s  o f  w h e a t  g r a i n ,  c o r n  g r a i n  and c o r n  l e a f  t i s s u e ,  a l l  

f rom t h e  1981 c r o p s ,  were  a t  o r  below d e t e c t a b l e  l i m i t s  f o r  l i n c o m y c i n .

T a b l e  7 shows t h e  t o t a l  P,  Ca, Mg, and K c o n t e n t s  of  t h e  co rn  l e a f  

t i s s u e  f o r  1980 and 1981.

P h o sp h o ru s  i n  t h e  l e a f  t i s s u e  i n c r e a s e d  a s  t h e  r a t e  o f  m y c e l i a  

f i l t e r  cake  a p p l i c a t i o n  I n c r e a s e d ,  w i t h  t h e  h i g h e s t  P c o n t e n t  i n  t h e  

medium r a t e  o f  f i l t e r  cake  f o r  b o th  1980 and 1981.

Calc ium i n  t h e  l e a f  t i s s u e  i n c r e a s e d  g r e a t l y  w i t h  t h e  i n c r e a s e  of
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f i l t e r  c a k e .  M a g n e s iu m  sh o w e d  s l i g h t  i n c r e a s e ,  w i t h  t h e  g r e a t e s t  

i n c r e a s e  a t  t h e  medium r a t e  i n  1980,  and t h e  g r e a t e s t  i n c r e a s e  f o r  1981 

i s  s e e n  a t  t h e  low r a t e s  of  f i l t e r  c a k e .  The o n l y  e x p l a n a t i o n  o f f e r e d  

f o r  t h i s  i s  t h a t  t h e  m y c e l i a  f i l t e r  c a k e  h a s  e x t r e m e l y  h i g h  gypsum

c o n t e n t  which adds  g r e a t l y  t o  t h e  Ca i n  t h e  s o i l  a t  h i g h e r  a p p l i c a t i o n

r a t e s .  I t  may a l s o  be  t h a t  t h e  Mg d i d  n o t  i n c r e a s e  much b e c a u s e  o f  

c o m p e t i t i o n  w i t h  Ca on t h e  ex ch a n g e  s i t e  of  t h e  s o i l  p a r t i c l e s .

T a b l e  7 .  N u t r i e n t  c o n t e n t  of  c o rn  e a r  l e a f  a s  a f f e c t e d  by
_____________ m y c e l i a  f i l t e r  cake  a p p l i c a t i o n . __________________________

Year T r e a tm e n t  T o t a l  P T o t a l  Ca T o t a l  Mg T o t a l  K

■ppm-

1980 C o n t r o l 3 ,858 4 ,6 2 6 2,157 2 1 , 2 0 0

1980 Low 4 ,0 6 6 5 ,213 2,063 19 ,000

1980 Medium 4 ,4 1 8 5 ,970 2,383 19 ,600

1980 High 4 ,2 5 8 6 ,2 1 8 2 ,262 18 ,800

1981 C o n t r o l 4 ,069 4 ,318 2 ,008 20 ,180

1981 Low 4 ,1 2 9 5 ,3 5 3 2 ,318 18 ,920

1981 Medium 4 ,617 5 ,862 2 ,188 18 ,600

1981 High 4 ,4 5 2 6 ,087 2 ,1 8 6 18 ,600

The K c o n c e n t r a t i o n s  i n  t h e  l e a f  t i s s u e  showed a g e n e r a l  o v e r a l l  

d e c r e a s e  f o r  b o t h  1980  a n d  1 9 8 1 ,  w i t h  t h e  h i g h e s t  K l e v e l s  i n  t h e  

c o n t r o l  p l o t s  f o r  b o t h  y e a r s .  A l i k e l y  r e a s o n  f o r  t h i s  i s ,  a s  w i t h  Mg, 

t h a t  t h e  K i o n  may be i n  c o m p e t i t i o n  w i t h  t h e  Ca i o n  f o r  t h e  e x c h a n g e  

s i t e s  l e a d i n g  t o  some l o s s  o f  K.

R e l a t i v e l y  l i t t l e  i n c r e a s e  i n  NO3  was  s e e n  i n  t h e  s o i l  one month 

a f t e r  a p p l i c a t i o n  of  m y c e l i a  f i l t e r  cake  i n  e i t h e r  1980 o r  1981 ( T a b l e s



Table 8. Nitrate content of soil as affected by the application of
l i n c o m y c i n  m y c e l i a  f i l t e r  cake  i n  1980*

Trea tm e n t Depth Date
5 /8 0 6/80 7/80 8 /80 9/80 10/80

cm — ppm w o s

C o n t ro l 0-15 4.58 4 .97 n . i 2 . 6 8 1 .76 1.62

Low** 0-15 3.05 5 .74 11.9 4 .51 3 .73 2.83

Medium** 0-15 3.53 7 .42 19.7 4 .60 4.61 3.95

High** 0-15 2.89 6.97 25 .3 1 1 . 2 6 . 8 8 3.07

C o n t ro l 15-30 3.07 4 .63 6.07 1.74 1.53 1.95

Low 15-30 2 .42 5 .10 7 .66 4 .58 2.24 3 .38

Medium 15-30 2 .45 6.24 9 .34 5 .00 5.20 3 .48

High 15-30 2 .34 6 . 0 0 13.9 14.4 5 .33 8 .03

C o n t ro l 30-45 2 .34 3 .13 4 .67 1.34 1.42 1.44

Low 30-45 1.72 3 .00 5.07 3 .36 2 .06 2.51

Medium 30-45 1.81 3.77 6.26 4 .32 4 .60 3 .07

High 30-45 1.74 3 .98 7.21 14.0 6 .59 7 .09

*Each v a l u e  r e p o r t e d  i s  a mean o f  e i g h t  r e p l i c a t i o n s .

**Low is 7.5 dry metric tons/ha, Medium is 16.0 dry metric tons/ha,
and High is 30.5 dry metric tons/ha.



Table 9. Ammonium content of soil as affected by the application of
l i n c o m y c i n  m y c e l i a  f i l t e r  cake i n  1980.

T rea tm e n t Depth Date
5 /8 0 6 /80 7/80 8/80 9/80 10/80

cm MU# ★ ~

C o n t ro l 0-15 0 .58 0.63 0.99 0 .87 0 .17 0 .65

Low** 0-15 0 .3 9 0 .7 0 0.81 1 . 1 1 0 .1 5 0 .3 0

Medium** 0-15 0 .39 0 .98 0.71 0.96 0.14 0 .30

High** 0-15 0 . 5 0 1.13 0 .73 0 .96 0 .14 0 .5 8

C o n t ro l 15-30 0 .36 0.57 0 .98 0 .82 0 .19 0 .36

Low 15-30 0 .09 0 .49 0.64 0 .83 0 .18 0 .34

Medium 15-30 0.23 0 .58 0 .79 0 .70 0 .18 0 .27

High 15-30 0 .34 0 . 8 6 0 .67 0 .7 8 0 .17 0 .3 5

C o n t r o l 30-45 0.28 0.46 0 .78 0.67 0 .29 0.25

Low 30-45 0 .33 0 .4 5 0 .08 0 .6 3 0 . 2 2 0 .23

Medium 30-45 0 .49 0.42 0 .83 0.65 0.25 0 .26

High 30-45 0 .31 0 .5 2 0 .55 0 .65 0 .49 1.76

Each v a lu e  r e p o r t e d  i s  a mean o f  e i g h t  r e p l i c a t i o n s .

**Low is 7.5 dry metric tons/ha, Medium is 16.0 dry metric tons/ha,
and High is 30.5 dry metric tons/ha.



Table 10. Nitrate content of soil as affected by the application of
l i n c o m y c in  m y c e l i a  f i l t e r  cake 1981.

T rea tm e n t Depth Date
3 /81 5/81 6/81 7/81 8/81 11/81

cm — ------ —  — —— —— — — — —ppm N a s no3*---------

C o n t ro l 0-15 0.99 2 .47 6.58 4.81 2.15 1.18

Low** 0-15 1 .18 4 .29 10 .50 5 .38 3 .0 0 1.45

Medium** 0-15 1.54 7.63 15.90 4 .29 1.89 2 .54

High** 0-15 2 .0 6 6 .99 10 .70 5 .30 2.51 6.51

C o n t r o l 15-30 1.03 1.90 5 .68 4 .67 1 . 1 0 1 .36

Low 15-30 1 . 2 1 2 .55 8 . 2 0 4.17 2 .98 1.71

Medium 15-30 1.25 3 .13 12 .30 2 .72 1 . 0 0 2 .50

High 15-30 1 .46 4 .88 9 .17 3 .72 2 .17 5 .82

C o n t r o l 30-45 1 . 0 0 1 . 6 6 4 .85 3.57 1 . 0 2 1.39

Low 30-45 1 .25 1 . 6 6 5 .09 3 .46 1.19 1.62

Medium 30-45 1.25 2.37 6 .70 2 .29 1.98 2 .25

High 30-45 2 .3 9 3 .08 6 .51 3 .18 4 .09 5 .19

*Each v a l u e  r e p o r t e d  i s  a  mean of  f o u r  r e p l i c a t i o n s .

**Low is 7.5 dry metric tons/ha, Medium is 16.0 dry metric tons/hat
and High is 30.5 dry metric tons/ha in 1980 and again in 1981.



Table 11. Ammonium content of soil as affected by the application of
l i n c o m y c i n  m y c e l i a  f i l t e r  cake i n  1981.

T rea tm e n t Depth Date
3/81 5/81 6/81 7/81 8/81 11/81

cm —  w

C o n t ro l 0-15 1.07 0 .76 0.81 0 .79 0 .67 0 .3 8

Low** 0-15 0 .92 0 .39 0 .59 0 .9 0 1.19 0 .37

Medium** 0-15 0.91 0 .49 0 .74 1 . 1 0 1 . 2 1 0 .3 9

High** 0-15 0 .9 7 0 .36 0 .61 0 . 8 8 0 .9 9 0 .34

C o n t ro l 15-30 0 .80 0.46 0 . 6 8 0 .74 0 .74 0 .1 9

Low 15-30 1.06 0 .34 0 .4 6 0 .8 5 0 .9 6 0 .2 6

Medium 15-30 0 .8 2 0.35 0 .35 0 .73 0 .62 0 .25

High 15-30 0 .8 3 0 .25 0 .4 2 0 .8 0 0 .7 8 0 .3 6

C o n t ro l 30-45 0.77 0 .17 0 .18 1.31 1 . 2 0 0 .16

Low 30-45 0 .82 0.23 0 .35 0 .6 3 0 .7 2 0 .2 3

Medium 30-45 0 .62 0.34 0 .3 2 0 .52 0.49 0 .25

High 30-45 0 .73 0 .1 6 0 .2 8 0.47 0 .62 0 .6 2

*Each v a lu e  r e p o r t e d  i s  a  mean of  f o u r  r e p l i c a t i o n s .

**Low is 7.5 dry metric tons/ha, Medium is 16.0 dry metric tons/ha,
and High is 30.5 dry metric tons/ha applied in 1980 and again in 1981.
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8  and  9 ) .  However,  i n  b o th  y e a r s ,  by t h e  end o f  t h e  s econd  month l e v e l s  

o f  NO3  i n  t h e  s o i l  w e r e  c o n s i d e r a b l y  h i g h e r  a s  t h e  r e s u l t  o f  

a p p l i c a t i o n s  o f  f i l t e r  c a k e .  I n  1980,  t h e  h i g h e r  l e v e l s  i n  t h e  s u r f a c e  

s o i l  p e r s i s t e d  t h r o u g h  t h e  S e p te m b e r  s a m p l i n g .  I n  1981, t h e s e  h i g h e r  

l e v e l s  o f  NO3  w e r e  s e e n  t h r o u g h  t h e  N ovem ber  s a m p l i n g .  The d a t a  i n  

T a b l e  10 i n d i c a t e  t h a t  t h e  e a r l i e r  a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  c a k e  

a n d  t h e  d e l a y  o f  34 d a y s  b e f o r e  p l a n t i n g  i n  1981 r e s u l t e d  i n  t h e  

g r e a t e s t  amount of  a v a i l a b l e  N i n  June  r a t h e r  t h a n  I n  J u l y  when t h e  c o rn  

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

t h e  s o i l  i n  t h e  e a r l y  g row ing  s e a s o n  I n  1981 a s  compared t o  1980.

T he re  I s  som e i n d i c a t i o n  t h a t  t h e  l i n c o m y c i n  w a s t e  s l o w s  t h e  

c o n v e r s i o n  f rom NH4  t o  NO3  d u r i n g  t h e  e a r l y  s t a g e s  o f  breakdow n.

The p r i n c i p a l  f o r m s  o f  N i n  m y c e l i a  w a s t e s  a r e  o r g a n i c ,  i n s o l u b l e  

b u t  s l o w l y  a v a i l a b l e ,  a n d  r e a d i l y  a v a i l a b l e  NO3  a n d  NH4 . When t h e  

m y c e l i a  f i l t e r  c a k e  i s  d i s k e d  i n t o  t h e  s o i l ,  NO3  i s  Im m o b i l i z e d  v e r y  

r a p i d l y  f o r  a b o u t  two weeks ,  d e p e n d in g  on t h e  t e m p e r a t u r e ,  a f t e r  w h i c h  

t i m e  t h e  NO3  w o u ld  be  e x p e c t e d  t o  a c c u m u l a t e  r e a d i l y  a s  a  r e s u l t  o f  

i n c r e a s i n g  n i t r i f y i n g  a c t i v i t y  i n  t h e  s o i l .  Our d a t a ,  h o w e v e r ,  show 

t h i s  n i t r i f y i n g  a c t i v i t y  o c c u r r i n g  a t  a  much s l o w e r  r a t e  ( T a b l e s  9 and 

1 1 ).

T here  a p p e a r s  t o  be  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  NH4  c o n t e n t  i n  

t h e  s u r f a c e  s o i l  one  month a f t e r  a p p l i c a t i o n  of  m y c e l i a  f i l t e r  c a k e  i n  

1980  ( T a b l e  9 ) .  The I n c r e a s e  i n  NH4  was much s lo w e r  I n  1981 ( T a b l e  11) 

s h o w i n g  a m a rk e d  d e c r e a s e  i n  NH4  f r o m  t h e  M a r c h  s a m p l in g  t o  t h e  May 

s a m p l i n g .  As t h e  w e a t h e r  becam e  w a r m e r  t h e r e  was an  i n c r e a s e  i n  NH4  

c o n t e n t  i n  t h e  s o i l  and a more r a p i d  c o n v e r s i o n  from NH4  t o  NO3  o c c u r r e d  

( T a b l e s  9 and 1 1 ) .
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A m a jo r  o b j e c t i v e  o f  t h i s  s t u d y  was  t o  f o l l o w  t h e  movement o f  N 

and s o l u b l e - s a l t s  t h r o u g h  t h e  s o i l  p r o f i l e .  To h e l p  o b t a i n  d a t a  f o r  

t h i s  m o v e m e n t ,  s u c t i o n  cup l y s i m e t e r s  were i n s t a l l e d  a t  a  d e p t h  o f  152 

era. These s u c t i o n  cup l y s i m e t e r s  p roduced  sam ples  o n l y  i n t e r m i t t e n t l y  

b e c a u s e  t h e  s o i l s  a t  t h i s  d e p t h  were  u s u a l l y  below f i e l d  c a p a c i t y  and ,  

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

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

summer when we e x p e r i e n c e d  d r o u g h t  p e r i o d s .  A l th o u g h  t h e  d a t a  t h a t  were 

c o l l e c t e d  a r e  n e i t h e r  co m p le te  n o r  c o n c l u s i v e  and some d a t e s  and sam ples  

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

w hich  o c c u r r e d  w i t h  t h e  a p p l i c a t i o n  o f  t h e  m y c e l i a  f i l t e r  c a k e .

Samples t h a t  w e r e  c o l l e c t e d  c o r r e l a t e d  w e l l  w i t h  t h e  NO3  a n d  

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

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

l y s i m e t e r s  ( T a b l e s  12 and 1 3 ) .  T h i s  s a m p l in g  i s  a s s u m e d  t o  h a v e  shown 

c o n t a m i n a t i o n  f r o m  t h e  i n s t a l l a t i o n  o f  t h e  l y s i m e t e r s .  H i g h e r  NO3  

l e v e l s  a r e  found  i n  t h e  B o i l - w a t e r  a t  152 cm on t h e  p l o t s  which  r e c e i v e d  

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

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

( T a b l e  1 2  a n d  1 3 ) .  A l t h o u g h  n e i t h e r  t h e  NO3  l e v e l s  n o r  t h e  

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

dam age  o r  t o  add much c o n t a m i n a t i o n  t o  t h e  g r o u n d w a te r ,  a d d i t i o n a l  t im e  

and a more c o m p le te  s a m p l in g  p rogram a r e  n e e d e d  t o  make m o re  p o s i t i v e  

a s s u m p t i o n s .  The t i m e  r e q u i r e d  would depend  on t h e  a p p l i c a t i o n  r a t e s  

and t h e  t y p e  of  s o i l ;  s a n d i e r  s o i l s  b e i n g  l e a c h e d  a t  a  more r a p i d  r a t e .
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The a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  cake  i n c r e a s e d  t h e  s o l u b l e - s a l t s  

c o n c e n t r a t i o n  i n  t h e  s o i l  i n  1980  a n d  1 9 8 1 ,  b u t  i n  n e i t h e r  y e a r  d i d  

t h e s e  l e v e l s  become s u f f i c i e n t l y  h ig h  t o  c a u s e  p o s s i b l e  damage t o  c o rn  

o r  w hea t  ( T a b l e s  14 and 1 5 ) .  DeRoo, (1975)  p o i n t s  o u t  t h a t  one  o f  t h e  

l i m i t i n g  f a c t o r s  i n  t h e  u s e  of  m y c e l i a  w a s t e s  a s  a N f e r t i l i z e r  a p p e a r s  

t o  be i t s  t o t a l  s o l u b l e - s a l t s  c o n c e n t r a t i o n .  The s o l u b l e - s a l t s  i n  t h e  

m y c e l i a  f i l t e r  c a k e  a r e  c a u s e d  by t h e  c a l c i u m  s u l f a t e  i n  t h e  w a s t e s .  

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

u p t a k e  o f  N by t h e  r o o t s ,  b u t  i t  a l s o  a p p e a r s  t o  d i s r u p t  t h e  normal  

m e t a b o l i c  pa thw ays  w i t h i n  t h e  p l a n t .  As a r e s u l t ,  c r o p  r e s p o n s e  t o  

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

p l a n t s .  Both  w h e a t  a n d  c o r n  a p p e a r  t o  be  r e l a t i v e l y  s a l t  t o l e r a n t ,  

t h u s ,  h a v i n g  no  d i f f i c u l t y  c o p i n g  w i t h  t h e  l e v e l s  o f  s o l u b l e - s a l t s  

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

I t  a p p e a r s  t h a t  t h e  a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  cake  had l i t t l e  

e f f e c t  on t h e  c o n c e n t r a t i o n s  o f  DTPA e x t r a c t a b l e  m e t a l s  i n  t h e  s o i l  

( T a b l e s  A - l  t o  A - 1 4 ) .  I r o n ,  Mg, Pb a n d  Zn w e r e  f o u n d  I n  h i g h e s t  

c o n c e n t r a t i o n s ,  a s  would be e x p e c t e d ,  b u t  were  n o t  r e l a t e d  t o  t r e a t m e n t  

a n d  n o t  f o u n d  a t  any t im e  of  t h e  y e a r  t o  be n e a r  t o x i c  l e v e l s .  N i c k e l ,  

Cu and Cd were  found  I n  s m a l l  amounts c a u s i n g  n o  p r o b l e m s  t o  c o r n  o r  

w h e a t .
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T a b l e  12 .  N i t r a t e  and B o lu b le  s a l t  c o n t e n t  o f  s o i l  w a t e r  e x t r a c t e d  
_____________ by s u c t i o n  l y s i m e t e r s  I n  1980.*______________________________

T r e a tm e n t Date
7 /8 0 8 /8 0 9 /8 0

C o n t r o l 79

ppm N a s  NO3 ** 

7 .8 8 .4

High 137 13.1 

£ . C .  mmhos/cm

14 .5

C o n t r o l 0 . 6 8 0 . 6 6 0 .28

High 0 .74 0 . 8 8 0 .6 2

*The po rous  cups were  a t  t h e  f i v e f o o t  d e p t h .

itC o n t r o l  p l o t s  a r e  an  a v e r a g e  of  
High T re a tm e n t  i s  an  a v e r a g e  of

two r e p l i c a t i o n s  and  t h e  
t h r e e  r e p l i c a t i o n s .

T a b l e  13. N i t r a t e  and  s o l u b l e  s a l t  
by s u c t i o n  l y s i m e t e r s  i n

c o n t e n t  o f  s o i l  w a t e r  
1981 .*

e x t r a c t e d

T r e a tm e n t Date
6/81 7/81 8/81

C o n t r o l 13 .4

ppm N a s  NO3 ** 

1 2 . 1 6 .4

High — 9 .7

E.C mmhos/cm

1 2 . 1

C o n t r o l 0 .4 8 0 .6 2 0 .4 1

High 0.51 0 . 5 8 0 .7 6

The p o ro u s  cups  were  a t  t h e  f i v e  f o o t  d e p t h .

J L  J L

C o n t r o l  p l o t s  a r e  an  a v e r a g e  o f  two r e p l i c a t i o n s  and t h e  
High T re a tm e n t  i s  an  a v e r a g e  o f  t h r e e  r e p l i c a t i o n s .
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The a v a i l a b l e  P i n  t h e  s o i l  s h o w e d  a s l i g h t  d e c r e a s e  w i t h  t h e  

i n c r e a s e d  a p p l i c a t i o n  r a t e  of  m y c e l i a  f i l t e r  cake  i n  1980 and  1 9 8 1 .  I n  

m o s t  c a s e s ,  t h e  h i g h e s t  a v a i l a b l e  P was  i n  t h e  c o n t r o l  p l o t s  o f  t h i s  

e x p e r i m e n t .  I t  i s  p o s s i b l e  t h a t  h i g h  a p p l i c a t i o n s  o f  Ca c o n t a i n e d  i n  

t h e  f i l t e r  cake  have  r e d u c e d  t h e  e x t r a c t a b l e  P .
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Table 14.  S p e c i f i c  conductance of B o il  as a f f e c te d  by the a p p l ic a t io n  
of lincom ycin  m ycelia  f i l t e r  cake in  1980.

T r e a t m e n t Depth D ate
5 / 8 0 6 /80 7 /8 0 8 /8 0 9 /8 0

cm n  n  /  m  _-mmnos/em —

C o n t r o l 0 -15 0 . 6 0 0 .74 0 . 8 6 1 .13 0 .6 5

Low** 0-15 0 . 5 2 0 .8 3 0 .91 1 . 0 1 0 .6 3

Medium** 0-15 0.51 0 .97 1 .29 1 .19 0 .7 5

High** 0-15 0 . 5 2 1 . 2 0 1 .46 1.17 0 .6 7

C o n t r o l 15-30 0 . 5 0 0 .6 3 0 .6 2 0 .7 5 0 .5 5

Low 15-30 0 . 4 6 0 . 7 0 0 .7 2 0 .8 3 0 .5 7

Medium 15-30 0 . 4 3 0 .79 0 . 8 8 0 .94 0 .6 4

High 15-30 0 . 4 8 1 . 0 0 0 .9 8 0 .7 9 0 .73

C o n t r o l 30-45 0 . 4 0 0 .5 2 0 .6 3 0 .5 6 0 .4 9

Low 30-45 0 . 4 0 0 . 5 3 0 .5 9 0 .67 0 .5 0

Medium 30-45 0 .3 8 0 .58 0 .6 3 0 .7 0 0 .55

High 30-45 0 . 4 2 0 .6 3 0 . 6 6 0 . 7 6 0 .6 2

*Each  v a l u e  r e p o r t e d  i s  a  mean o f  e i g h t  r e p l i c a t i o n s .

**Low is 7.5 dry metric tons/ha, Medium is 16.0 dry metric tons/ha,
and High is 30.5 dry metric tons/ha.
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T a b l e  15.  S p e c i f i c  c o n d u c t a n c e  o f  s o i l  a s  a f f e c t e d  by t h e  a p p l i c a t i o n  
o f  l i n c o m y c i n  m y c e l i a  f i l t e r  cake  i n  1981.

T r e a tm e n t Depth Date
3 /81 5/81 6/81 7/81 8 /81 11/81

cm

C o n t r o l 0-15 0 .5 9 0 .92 0 . 8 2 0 .73 0 . 6 6 0 .6 2

Low** 0-15 0 .4 7 0 .8 9 1 .05 0 .9 6 0 . 9 0 0 .7 6

Medium** 0-15 0 . 5 2 0 .78 1 .05 1 .44 1 . 1 0 1 . 0 0

High** 0-15 0 . 5 6 1 .03 1.64 1 .34 0 . 8 0 0 .6 2

C o n t r o l 15-30 0 . 5 4 0 .85 0 . 7 0 0 . 6 8 0 . 7 2 0 .97

Low 15-30 0 . 4 7 0 .8 5 0 .9 4 0 .8 3 0 . 6 6 0 .67

Medium 15-30 0 . 4 5 0 .69 0 . 9 4 1 .07 0 . 9 9 0 .9 5

High 15-30 0 . 4 9 0 .91 1 .3 0 1 .09 0 . 8 2 0 .71

C o n t r o l 30-45 0 . 4 9 0 . 6 8 0 . 5 3 0 .6 0 0 . 7 2 0 .9 0

Low 30-45 0 . 4 6 0 . 5 8 0 . 7 5 0 .6 7 0 . 6 2 0 . 6 3

Medium 30-45 0 .4 4 0 . 6 8 0 .8 4 0 .84 0 . 8 6 0 .96

High 30-45 0 . 4 8 0 .8 3 0 .9 1 0 . 7 0 0 .7 1 0 .67

*Each v a l u e  r e p o r t e d  i s  a  mean o f  f o u r  r e p l i c a t i o n s .

**Low is 7.5 dry metric tons/ha, Medium is 16.0 dry metric tons/ha,
and High is 30.5 dry metric tons/ha.



SUMMARY AND CONCLUSIONS

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

a p p l i e d  t o  a Kalamazoo sandy  loam s o i l  i n  1980 and 1981 a t  r a t e s  o f  0 ,  

7 . 5 ,  1 6 . 0  a n d  3 0 . 5  d r y  m e t r i c  t o n s / h a  and im m e d i a te l y  d i s k e d  i n t o  t h e  

s o i l .  In  1980 c o r n  was p l a n t e d  i m m e d i a t e l y  a f t e r  a p p l i c a t i o n  o f  f i l t e r  

c a k e  a n d  t h e  m a t e r i a l  p ro v e d  t o x i c  t o  c o r n  a t  a l l  r a t e s  o f  a p p l i c a t i o n .  

T h u s ,  w i n t e r  w h e a t  was p l a n t e d  on  o n e  h a l f  o f  t h e  s t u d y  a r e a  a s  a 

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

e f f e c t s .

I n  1981,  f i l t e r  c a k e  was  a g a i n  a p p l i e d  t o  t h e  o t h e r  h a l f  o f  t h e  

s t u d y  a r e a  a t  t h e  same r a t e s  a s  i n  1980 ,  b u t  t h e  c o r n  was  n o t  p l a n t e d  

u n t i l  34 d ay s  a f t e r  t h e  a p p l i c a t i o n  o f  f i l t e r  c a k e .

S o i l  s a m p l e s  w e r e  t a k e n  p r i o r  t o  a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  

cake  t o  a d e p t h  of  90 cm. E a c h  f o u r  w eeks  d u r i n g  t h e  g r o w i n g  s e a s o n  

s o i l  sam p les  were t a k e n  t o  a d e p t h  of  45 cm and a f t e r  c o r n  was h a r v e s t e d  

s o i l  s am p le s  were a g a i n  c o l l e c t e d  t o  a d e p t h  o f  90 cm. I n  a d d i t i o n ,  

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

t r e a t m e n t  p l o t 6  t o  a  d e p t h  of  152 cm t o  s t u d y  movement o f  n i t r a t e s  a n d  

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

I n  1980,  l i n c o m y c i n  f i l t e r  cake  p ro v e d  t o x i c  t o  c o r n  a t  a l l  r a t e s  

o f  a p p l i c a t i o n .  T h i s  damage was r e f l e c t e d  i n  r e d u c e d  y i e l d s  o f  c o r n  a t  

t h e  two h i g h e r  a p p l i c a t i o n  r a t e s .  I n  1981,  a  change I n  t h e  l i n c o m y c i n
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p r o d u c t i o n  p r o c e s s  a n d  t h e  p e r i o d  o f  34 d a y s  b e t w e e n  a p p l i c a t i o n  o f  

f i l t e r  c a k e  a n d  p l a n t i n g  o f  c o rn  r e s u l t e d  i n  no t o x i c  e f f e c t s  t o  c o r n .  

A l s o ,  w i n t e r  w h e a t  show ed  no  r e s i d u a l  t o x i c  e f f e c t s  f r o m  t h e  1 9 8 0  

a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  c a k e .

From t h e  y i e l d  a n d  s o i l  NO 3  d a t a  i t  i s  c o n c l u d e d  t h a t  a n  

a p p l i c a t i o n  o f  1 6 . 0  d r y  m e t r i c  t o n s / h a  o f  m y c e l i a  f i l t e r  c a k e  i s  

e n v i r o n m e n t a l l y  s a f e  a n d  g i v e s  s a t i s f a c t o r y  y i e l d s .  I t  i s  a l s o  

c o n c lu d e d  t h a t  a p e r i o d  o f  a t  l e a s t  30 days  be tween  a p p l i c a t i o n  t im e  and 

p l a n t i n g  of  c o rn  i s  n e c e s s a r y  t o  p r e v e n t  t o x i c i t y  from l i n c o m y c i n  f i l t e r  

c a k e .
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Table A - l .  DTPA e x tr a c ta b le  z in c  from s o i l s  r e c e iv in g  f i l t e r  cake. 

Date Depth  __________ Treatment________________________
C o n t r o l Low Medium High

5 /8 0

cm 

0 -15  

15 -30  

30 -45  

45 -6 0  

60 -90

1 .54

0 .6 4

0 .61

1 .33

0 .3 3

1.66  

0 . 5 7  

0 . 4 5  

0 . 3 2  

0 . 8 5

0 . 7 0

0 . 9 0

0 .2 7

0 .3 3

0 .20

1 .8 0

0 . 8 5

0 . 6 5

0 . 2 9

0 . 2 6

10/80  0 -1 5

15 - 3 0  

30 - 4 5  

45 - 6 0  

60 - 9 0

1 .39

0 . 9 0

0 .3 9

0 .3 1

0 .1 5

2 .17

0 . 8 2

0 . 3 4

0 . 3 3

0 .3 7

1 .74

0 . 9 8

0 .6 3

0 . 4 8

0 . 1 5

1 .54

0 . 9 6

0 .4 1

0 . 3 7

0 . 3 5
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Table A-2. DTPA extractable zinc from soils receiving filter cake.

D a te  Depth  ______________________T re a tm e n t_________________________
________________________ C o n t r o l  Low _______ Medium_________ High

cm ---------------------------mg/kg s o i l -------------------------------

3 /8 1  0 -1 5  1 .62  1 .48  0 . 5 0  1 .00

15 - 3 0  0 .81  0 . 6 2  0 . 2 0  0 .8 1

30 -4 5  0 . 5 4  0 . 3 2  0 . 1 8  0 .6 1

45 - 6 0  1 .28  0 . 2 8  0 .3 0  0 .61

60 -9 0  0 . 3 0  0 . 6 5  0 .31  0 . 7 2

11/81 0 -1 5  1 .30  2 .8 9  0 . 2 0  0 .4 4

15 -3 0  0 . 8 2  0 . 4 7  0 .0 9  0 . 6 6

30 -4 5  0 .3 0  0 .3 0  0 .34  0 . 2 9

45 - 6 0  0 . 2 0  0 . 2 9  0 .3 2  0 . 2 3

60 -90 0.08 0.18 0.20 0.48
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Table A-3. DTPA extractable Iron from soils receiving filter cake.

D ate Depth T re a tm e n t
C o n t r o l Low Medium High

cm ------------- --------------mg/kg s o i l ------------------- -----------

5 / 8 0 0 -15 30 .6 50 .8 17.5 2 7 .6

15 - 3 0 2 5 .0 27 .8 32.1 3 2 .8

30 -45 31 .4 4 6 .4 24 .7 2 9 .0

45 - 6 0 3 3 .1 4 5 .6 3 3 .7 33 .2

60 -90 21 .7 2 6 .5 2 8 .3 2 4 .6

10 /80 0 -15 38 .1 36 .2 4 6 . 8 36 .4

15 -3 0 4 2 .6 3 0 .4 37 .6 1 9 .0

30 -45 2 5 .5 2 4 .4 2 8 .0 2 9 .8

45 - 6 0 26 .2 24 .5 2 7 .8 25 .3

60 -9 0 2 1 . 8 2 7 .6 2 4 .0 2 4 . 8
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Table A—4. DTPA extractable Iron from soils receiving filter cake.

Date Depth  ___________________ Treatment________________________
_______________________ Control________Low_________Medium_________High

cm ------------------------- mg/kg s o i l   ------------------------

3 /8 1  0 - 1 5  2 9 .6  4 7 . 8  17 .6  31 .2

15 - 3 0  2 4 . 0  3 0 .6  20 .1  2 9 .6

30 -45  3 0 . 0  2 9 .9  18 .2  28 .4

45 - 6 0  26 .1  4 0 . 8  1 9 .2  3 6 . 2

60 -9 0  1 .1  2 9 .8  2 1 .2  4 0 . 9

11 /81  0 -15  3 5 . 2  16 .9  3 0 . 0  20 .1

15 - 3 0  4 4 . 6  3 7 .8  2 2 . 0  18 .2

30 -4 5  2 0 . 6  29 .9  2 7 .9  1 6 .2

45 - 6 0  2 2 .6  2 2 .3  2 2 .8  2 1 .2

60 -90 21.8 18.9 19.7 27.9
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Table A-5. DTPA extractable cadmium from soils receiving filter cake.

Date Depth ________________________ Treatment________________________
C o n t r o l _________ Low Medium_________ High_____

cm ---------------------------mg/kg s o i l -

5 / 8 0  0 -1 5  0 . 3 8  0 . 1 0  0 . 1 0  0 . 1 0

15 - 3 0  0 . 0 7  0 . 0 5  0 . 1 0  0 .0 7

30 -4 5  0 . 0 5  0 . 0 3  0 . 0 3  0 .0 3

45 - 6 0  0 . 0 3  0 .0 8  0 . 0 3  0 .0 2

60 -9 0  0 . 0 3  0 . 0 2  0 . 0 3  0 .0 2

10 /80  0 - 1 5  0 .11  0 . 1 2  0 . 1 3  0 .2 0

15 - 3 0  0 . 0 8  0 . 0 9  0 .0 7  0 .2 3

30 - 4 5  0 .0 6  0 .0 6  0 .0 6  0 .0 6

45 - 6 0  0 . 4 3  0 . 1 6  0 . 4 5  0 .5 3

60 -90 0.03 0.03 0.03 0.07
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Table A-6. DTPA extractable cadmium from soils receiving filter cake.

Date Depth •____________________ Treatment________________________
_______________________ C ontrol_________ Low_________ Medium_________High

cm-------------------------------------------mg/kg s o i l ----------------------------------

3 /8 1  0 - 1 5  0 .0 3  0 . 0 3  0 . 1 0  0 . 1 0

15 - 3 0  0 . 0 2  0 .0 1  0 .01  0 . 0 4

30 - 4 5  0 .0 1  0 . 0 1  0 . 0 9  0 . 0 3

45 - 6 0  0 .01  0 .0 1  0 .0 3  0 .01

60 - 9 0  0 .0 1  0 .0 1  0 . 0 3  0 .0 1

11/81 0 -1 5  0 .04  0 .0 3  0 .0 4  0 . 0 4

15 - 3 0  0 . 0 2  0 . 0 2  0 . 0 6  1 .12

30 - 4 5  0 .0 2  0 .0 8  0 .01  0 .0 8

45 - 6 0  0 .01  0 . 1 7  0 .01  0 .0 6

60 -90 0.01 0.03 0.01 0.03
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Table A-7. DTPA extractable manganese from soils receiving
f i l t e r  c a k e .

Date Depth T re a tm e n t
C o n t r o l Low Medium High

cm — —  — —— —— — ------ mg/kg s o i l ------------------ —

5 /8 0 0 -15 16.7 19 .9 2 4 .2 19.7

15 -3 0 2 1 .3 14 .0 2 1 . 2 19 .0

30 -45 9 .9 1 1 . 6 1 1 . 8 1 1 . 0

45 - 6 0 10 .9 18 .0 13.1 13.1

60 -90 12 .9 12.5 8 . 6 12 .4

10 /80 0 -15 16 .6 2 0 . 5 2 1 . 2 18 .3

15 - 3 0 11.7 18.1 17 .3 14.5

30 -45 1 0 . 1 5 .58 8 .4 8 9 .0 9

45 - 6 0 7 . 4 2 7 .43 8 .9 7 7 .4 3

60 - 9 0 4 .2 0 7 .53 4 . 5 6 5 . 0 0
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Table A-8. DTPA extractable manganese from soils receiving
f i l t e r  c a k e .

Date Depth T re a tm e n t
C o n t r o l Low Medium High

cm ------------------------------------- -------- mg/kg s o i l -------------------- — — — — — —

3/81 0 -15 12 .9 2 1 . 2 1 0 . 1 17 .4

15 - 3 0 18 .7 16.7 1 2 . 1 18 .6

30 -45 9 .0 0 8 .9 7 18 .9 17 .4

45 - 6 0 1 2 . 8 15.7 16 .8 12 .9

60 - 9 0 13 .9 12 .5 7 .9 9 8 .6 9

11/81 0 -1 5 18.8 2 7 .2 2 0 . 1 7 .4 3

15 -3 0 10.7 16.8 17.6 1 0 . 1

30 -4 5 1 1 . 1 4 .8 9 18 .6 9 .81

45 -6 0 7 . 9 8 8 .8 2 12 .5 1 0 . 1

60 - 9 0 3 .87 7 .2 0 17 .4 5 .0 0
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Table A-9. DTPA extractable copper from soils receiving
f i l t e r  c a k e .

D a te Depth T re a tm e n t
C o n t r o l Low Medium High

cm — — ——— -------- mg/kg s o i l ------------------- ------------

5 /8 0 0 -15 1 .05 0 .45 0 .1 8 0 .4 7

15 -3 0 0 .31 0 .27 0 .3 9 0 .3 5

30 -45 0 . 3 6 0 .41 0 .2 8 0 .3 9

45 -60 0 .3 4 0 .36 0 .3 3 0 . 2 2

60 -9 0 0 . 4 5 0 .29 0 . 2 6 0 .2 9

10 /80 0 -15 0 .4 2 0 .55 0 .4 6 0 .4 7

15 -3 0 0 . 2 8 2.61 0 . 3 9 0 .3 8

30 -45 0 .37 0 .26 0 .3 4 0 .36

01 0 . 2 9 0 .27 0 . 3 4 0 .2 9

60 -9 0 0 .2 3 0 .23 0 .2 3 0 .27
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Table A-10. DTPA extractable copper from soils receiving
F i l t e r  Cake .

Date Depth T re a tm e n t
C o n t r o l Low Medium High

cm — —  — — ——-------— — mg/kg s o i l ----------------

3 /81 0 -15 0 .8 9 0 . 2 9 0 . 1 1 0 . 3 8

15 -30 0 . 2 0 0 .2 7 0 .1 8 0 .4 5

30 -45 0 .3 0 0 . 1 6 0 . 2 0 0 .4 6

45 - 6 0 0 .34 0 .19 0 .3 0 0 .31

60 - 9 0 0 .51 0 . 2 0 0 .7 7 0 . 7 2

11/81 0 -15 0 .41 0 .2 9 1 . 1 1 0 .81

15 - 3 0 0 . 2 0 0 .3 9 0 .8 9 0 .1 7

30 -4 5 0 .3 0 0 . 2 1 0 .9 1 0 .47

45 -6 0 0 . 2 1 0 .2 4 0 . 6 7 0 . 2 9

60 - 9 0 0 .19 0 .17 0 .4 5 0 . 3 8
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Table A-ll. DTPA extractable nickel from soils receiving
f i l t e r  cake.

Date Depth T re a tm e n t
C o n t r o l Low Medium High

cm ----------------------------------mg/kg s o i l ------------ — -------------- —--------

5 /8 0 0 -15 0 . 8 0 0 . 4 5 0 . 1 0 0 . 4 3

15 -30 0 .5 7 0 .4 1 0 .2 6 0 .4 6

30 -45 0 .8 1 0 . 6 9 0 .3 2 0 . 5 0

45 -60 0 .8 0 0 .7 4 0 .69 0 .6 2

60 - 9 0 0 .9 0 0 .7 7 0 .74 0 .91

10/80 0 -15 0 .91 1 .14 1 .36 0 .9 7

15 -30 0 . 5 8 0 . 7 9 1 .16 0 .8 7

30 -4 5 0 . 6 6 0 .9 3 0 .7 3 0 .7 4

45 -60 0 . 7 9 0 . 8 3 0 .99 0 . 8 0

60 - 9 0 0 .6 4 0 .7 8 0 .5 8 0 .6 5
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T a b l e  A-12 .  DTPA e x t r a c t a b l e  n i c k e l  f rom s o i l s  r e c e i v i n g  
_______________ f i l t e r  c a k e .________________________________________________

D a te  Depth  _____________________ T r e a tm e n t_______________________
________________________ C o n t r o l  Low  Medium_________ High

cm   mg/kg -s o i l - - - ---------------

3 /81  0 - 1 5  0 . 7 0  0 . 4 0  0 . 1 8  0 .27

15 - 3 0  0 .6 7  0 .6 1  0 .11  0 . 4 0

30 - 4 5  0 . 6 0  0 . 5 2  0 . 6 9  0 .3 8

45 - 6 0  0 .8 0  0 .4 0  1 .12  0 .18

60 - 9 0  0 . 7 9  0 .2 7  0 .9 9  0 .36

11/81 0 -15  0 .81  0 .1 8  1 .00  0 .4 2

15 - 3 0  0 . 4 7  0 .67  1 .24  0 .2 9

30 -4 5  0 . 6 2  0 .4 9  0 .8 6  0 .1 7

45 - 6 0  0 . 1 8  0 . 3 9  0 .1 7  0 .1 9

60 - 9 0  0 .6 9  0 .17  0 .2 9  0 .2 4
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Table A-13. DTPA extractable lead from soils receiving filter cake.

D ate Depth T re a tm e n t
C o n t r o l Low Medium High

cm ---------------------- --------------mg/kg B o i l ------------------

5 /8 0 0 “ 15 1 .93 2 .0 5 1 . 0 0 1 .6 3

15 - 3 0 10 .69 1 .43 1 .59 1 .4 6

30 - 4 5 1 .62 1 .93 1 . 2 0 1 .6 5

45 - 6 0 1.39 1.69 1 .51 1 .28

60 - 9 0 0 . 8 6 1 .34 1 .40 1 .28

10 /80 0 -1 5 1.95 2 .74 2 .27 1 .83

15 - 3 0 1 . 1 2 1 .7 8 1 .52 1 .63

30 -45 1 .48 1.46 1 .44 1 .49

V
Jl 1 O
' o 1 .48 1 .25 1.45 1 .51

60 - 9 0 0 .9 8 1 .19 1 . 1 1 1 . 1 2
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Table A-14. DTPA extractable lead from soils receiving filter cake.

D ate Depth T re a tm e n t
C o n t r o l Low Medium High

cm

3/81 0 -1 5 1 .8 0 1.97 1.51 1 . 1 1

15 -3 0 12 .91 1 .19 1 .26 1 .05

30 -4 5 1 .42 2 .1 6 1 . 2 2 1 .29

45 - 6 0 1 . 2 0 2 . 1 1 1.61 1 .28

60 -9 0 0 . 8 0 1 . 8 6 1 .99 1.57

11/81 0 -15 1 . 8 8 1 .60 2 . 1 1 1 . 6 6

15 -3 0 1 . 0 0 1 .54 1 .58 1 .89

30 - 4 5 1.61 1 . 2 0 1 .54 1 . 6 6

otO1in 1 . 2 0 1 .30 2 .19 1 .27

60 - 9 0 0 . 8 8 1 . 1 1 2 . 0 1 1.81
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Table A-15. Available phosphorus in soils as affected by
a d d i t i o n s  of  r a y c e l l a  f i l t e r  c a k e .

Depth  T r e a tm e n t d a t e
5 /8 0 10/80 3/81 11/81

0 - 1 5  C o n t r o l 8 8 73

ppm

6 8 57

Low 84 60 58 48

Medium 83 61 60 51

High 85 59 60 50

1 5 - 3 0  C o n t r o l 79 55 52 35

Low 64 44 47 37

Medium 65 50 48 43

High 75 52 51 42

30 -  45 C o n t r o l 38 27 28 2 2

Low 24 16 16 13

Medium 23 18 18 14

High 30 24 24 19
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T a b le  A-16 .  T o t a l  N0 3 “ N and NH4 -N i n  to p  45 cm a s  a f f e c t e d  by 
____________a p p l i c a t i o n  of  m y c e l i a  f i l t e r  cake*____________________

T re a tm e n t  d a t e
______________ 5 / 8 0  6 /8 0  7 /8 0  8 /8 0  9 /8 0  IQ/80

k g / h a N O 3 -N i n  1980

C o n t r o l 2 1 . 6 29.1 4 7 .1 1 2 . 0 10 .5 10 .9

Low 15.6 30 .4 53 .3 27 .4 17 .3 19.2

Medium 16.1 35 .6 67 .9 30 .7 31 .7 2 2 . 0

High 15.9 3 6 .9 87 .6 9 1 .8 4 1 .5 5 8 . 0

k g / h a  NH4 -N i n  1980

C o n t r o l 2 . 6 3 .5 6 . 0 5.1 1.4 2 . 7

Low 1.7 3 .6 4 .9 5 . 6 1 . 2 1 .9

Medium 2 . 4 4 . 3 5 . 2 5 . 0 1 .3 1 .7

High 2 . 3 5 .4 4 . 3 5 . 2 1 . 2 2 . 8
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T a b l e  A -17 .  T o t a l  NO3 -N and NH4 -N I n  t o p  45 cm ae  a f f e c t e d  by 
____________a p p l i c a t i o n  o f  m y c e l i a  f i l t e r  c a k e .____________________

T re a tm e n t d a t e
3 /81 5 /81 6/81 7/81 9/81 11/81

C o n t r o l 9 .4 13.1

k g / h a  N0 3 ~N i n  1980 

3 7 .3  2 8 .6 11.7 8 .7

Low 15.7 18 .3 4 8 .3 2 8 .3 14 .6 9 .2

Medium 16 .0 2 7 .9 7 0 . 8 2 1 .3 12.5 16.0

High 2 8 .6 32 .3 5 4 .2 2 6 .5 13.1 3 8 .3

C o n t r o l 4 . 8 3 . 5

k g / h a  NH4 - 

2 . 9

-N i n  1980 

3 . 8 4 . 0 1 . 6

Low 3 . 6 2 . 2 3 .0 5 . 2 3 . 0 1 .9

Medium 3 . 8 2 . 5 3 .0 5 .1 3 . 2 1 . 8

High 2 .7 1 . 6 2 . 8 4 . 6 3 .3 2 . 0


