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ABSTRACT Ming Y uen  Wang

T h e  E f f e c t ;  o f  L i g n i n  on  S o i l  P r o p e r t i e s  a n d  P l a n t  Growth  

L I g n i n  p r e p a r e d  b y  s a c  c h a r  i f  i c a t i o n  o f  c o r n c o b s  

v /a s  m i x e d  w i t h  s u r f a c e  s o i l  f ro m  Miami s a n d y  loam an d  

B r o o k s t o n  c l a y  loam a t  r a t e s  o f  0* 2 , £ ,  5*0# an d  7*5 t o n s  

p e r  a c r e *  A f t e r  f i v e  weeks? i n c u b a t i o n , t h e  s o i l s  were  

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

p r o p e r t i e s *

I t  w a s  f o u n d  t h a t  “ l i g n i n ” c a u s e d  an  i n c r e a s e  I n  t h e  

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

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

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

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

p o i n t *  P e r c e n t  p o r o s i t y  a t  t e n s i o n s ,  1 0 ,  2 0 ,  3 0 ,  I|.0, an d  

6 g  c e n t i m e t e r  ’w a t e r  was i n c r e a s e d  w h e r e a s  p e r c e n t  c a p i l l a r y  

p o r o s i t y  w a s  d e c r e a s e d *

A d d i t i o n  o f  " l i g n i n ” t o  s o i l  t e n d s  t o  i n c r e a s e  

s l i g h t l y  t h e  b a s e  e x c h an g e  c a p a c i t y  o f  t h e  s o i l  a s  

d e t e r m i n e d ,  b y  t h e  ammonium a c e t a t e  method* The i n c r e a s e  

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

p o w e r  o f  ' ’ i i g n i n '1 d u r i n g  I t s  t r a n s f o m a t i o n , 4 » r  t o  t h e  

f o r m a t i o n  o f  c e r t a i n  complexes*  The b a s e  ex ch a n g e  c a p a c i t y  

o f  t h e  ,tl i g ; n i n n m a t e r i a l  u s o d  was 19 m i U i e q u i v a l e n t s  p o r  

1 0 0  g r a m  m a t e r i a l .

T h e  p H  o f  t h e  s o i l s  was s l i g h t l y  i n c r e a s e d  b y  t h e  

a d d i t i o n  o f  T5l i g n i n ' 1* The pH o f  th© ’’l l g n i n ” m a t e r i a l  was 

o n l y  1 * 9 9 *



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

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

" l i g n i n "  a p p l i c a t i o n  i n c r e a s e d .  T h i s  w as  b e l i e v e d  t o  b e  due 

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

m i c r o b i a l  a c t i v i t y .

E x c h a n g e a b l e  c a l c i u m ,  m agn© sium (ver  s e n a t e  t i t r a t i o n  

m e t h o d ) , s o d i u m  a n d  p o t a s s i u m { f l a m e  p h o t o m e t e r  method)  were  

n o t  a f f e c t e d  e x c e p t  p o t a s s i u m  w h ic h  showed a  s l i g h t  

i n c r e a s e  b y  " l i g n i n "  a d d i t i o n .

B u f f e r  c a p a c i t y  o f  s o i l  t r e a t e d  w i t h  ■l,l i g n i n tt v/as 

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

a c t i o n  o f  Hl i g n l n ,f l i e s  b e t w e e n  pH 6 , 5 -  8 . 0 ,

G r e e n h o u s e  e x p e r i m e n t s  o n  s u r f a c e  s o i l  f ro m  Miami 

s a n d y  loam  showed b e n e f i c i a l  e f f e c t  o f  " l i g n i n "  on  t h e  

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

a n d  l i m i n g  i n c r e a s e d  t h e  e f f e c t i v e n e s s  o f  " l i g n i n ” on 

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

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

w h e a t .  R e s u l t s  o f  t h e s e  e -x p e r im e n ts  i n d i c a t e d  t h a t  t h e  

o p t i n u m  i»ate o f  ,fl i g n i n M a p p l i c a t i o n  was  f i v e  t o n s  p e r  a c r e ,

A c o m p a r i s o n  o f  c r o p  y i e l d s  when g r o u n d  c o r n c o b s ,  

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

s u r f a c e  s o i l  f ro m  B r o o k s t o n  c l a y  loom w as  s t u d i e d  u n d e r  

g r e e n h o u s e  c o n d i t i o n s .  The  r e s u l t s  showed t h a t  " l i g n i n ” 

w as  p r e f e r a b l e  t o  t h e  g r o u n d  c o r n c o b s  an d  s a w d u s t  when m ixed  

w i t h  s o i l .  When a p p l i e d  a s  m u l c h , " l i g n i n ” and  g ro u n d  

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



A f i e l d  e x p e r i m e n t  on  M e te a  loamy san d  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  o f  v a r i o u s  m u l c h i n g  m a t e r i a l s  on  t h e  

y i e l d  o f  s o y b e a n s .  The  r e s u l t s  showed t h a t  when no n i t r o g e n  

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

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

when 60 p o u n d s  p e r  a c r e  o f  n i t r o g e n  \*/ere a p p l i e d .  An 

i n c r e a s e  i n  s o y b e a n  y i e l d s  was  o b t a i n e d  when n i t r o g e n  was 

a p p l i e d  a t  t h e  r a t e  o f  120 a n d  180 pounds  p e r  a e r o .

I t  was t h e r e f o r e  recommended t h a t  when " l i g n i n "  c o u l d  

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

o v e r c o r n c o b s  an d  s a w d u s t  '//hen a p p l i e d  a t  f i v e  t o n s  p e r  

a c r e .  N i t r o g e n  a p p l i c a t i o n  a l o n g  w i t h  Hl i g n i n "  w o u ld  be  

b e n e f i c i a l .
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I . INTRODUCTION

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

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

known.  T h i s  I s  due l a r g e l y  t o  t h e  d i f f i c u l t y  i n v o l v e d  i n  

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

f o r e ,  a  d i s t i n c t i o n  s h o u l d  be  made b e t w e e n  two t y p e s  o f  

l i g n i n :  1 ,  u n a l t e r e d  l i g n i n  w h i c h  o c c u r s  i n  l i v i n g  p l a n t s  

o r  t r e e s ,  and  2 .  a l t e r e d  l i g n i n  d e r i v e d  f rom  p l a n t s  an d  

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

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

Crude  l i g n i n ,  i t s  d e r i v a t i v e s ,  and  l i g n i n - l i k e  m a t e r i a l s  

a r e  d i s c h a r g e d  b y  p a p e r  m i l l s  i n  enorm ous  q u a n t i t i e s .  The 

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

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

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

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

T h i s  means  t h a t  some o f  t h e  o r g a n i c  m a t e r i a l  may be  decom

p o s e d  w i t h o u t  s e r v i n g  any  u s e f u l  p u r p o s e 0

F a r m e r s  t o o  h a v e  l a r g e  am ounts  o f  l i g n i n - c o n t a i n i n g  

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

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

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

D u r i n g  r e c e n t  y e a r s ,  many a g r i c u l t u r i s t s  hav e  made
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s t u d i e s  on t h e  p o s s i b l e  u s e  o f  l i g n i n  f o r  s o i l  im provem en t  

and f o r  t h e  b e t t e r m e n t  o f  p l a n t  g rowth*  T h e i r  r e s u l t s  h a v e  

n o t  a lw a y s  a g r e e d *  Some w o r k e r s  c l a i m e d  t h e  p r o d u c t s  w ere  

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

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

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

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

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



r i .  REVTEW OF LITERATURE

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

and  p l a n t  g r o w th  c a n  b e  d i v i d e d  i n t o  s e v e r a l  c a t e g o r i e s :

1 ,  I t s  u s e  a s  a f e r t i l i z i n g  m a t e r i a l ;  2 ,  I t s  u s e  a s  a  s o i l  

c o n d i t i o n e r ;  3 « I t s  r e l a t i o n s h i p  w i t h  s o i l  o r g a n i c  m a t t e r  

and  s o i l  c h e m i c a l  p r o p e r t i e s ;  and  ij.. I t s  d e c o m p o s i t i o n  i n  

s o i l .

L i g n i n  a s  a  F e r t i l i z i n g  M a t e r i a l

A r i e s  (I4.) f o u n d  t h a t  G a - l i g n o s u l f o n a t e  f ro m  s u l f i t e  

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

c a u s e d  a  60 p e r c e n t  i n c r e a s e  i n  t h e  y i e l d  o f  s h e l l e d  b e a n s #  

He a l s o  f o u n d  t h a t  t h e  u s e  o f  l i g n i n  f rom d i l u t e  a c i d  

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

85  p e r c e n t #

Dunn a n d  S i e b e r l i c h  (1 9 )  fo u n d  i n  t h e i r  g r e e n h o u s e  

e x p e r i m e n t s  t h a t  p o t a t o e s  w e r e  somewhat im p ro v e d  b y  an 

a p p l i c a t i o n  o f  f i v e  t o n s  o f  l i g n i n  p e r  a c r e .  O n io n s  (one 

t e s t )  w e re  m a r k e d l y  im p ro v e d  b u t  t o m a to  y i e l d s  were  n o t  

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

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

r e s u l t s ,  i n  a  l i m i t e d  s e r i e s  o f  t e s t s ,  were  s e c u r e d  i n  

sa n d  c u l t u r e s  t h a n  i n  w a t e r  c u l t u r e s ,  L i g n i n  i n  t h e  f i n e l y  

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

r o o t l e t s  o f  s e e d l i n g s .  They s u g g e s t e d  t h a t  l i g n i n  when
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ad d ed  t o  t h e  s o i l  m i g h t  h a v e  a  r o l e  w i t h  o t h e r  humus co n 

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

and  r o o t  h a i ‘£ s  w h i c h  a i d  i n  t h e  t r a n s f e r  o f  w a t e r  and s o i l  

n u t r i e n t s  t o  t h e  r o o t  c e l l s #

Waksman a n d  W is s e n  (7 1 )  s u g g e s t e d  t h e  p o s s i b l e  u s e  o f  

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

c a m p e s t r i s .

The r e s e a r c h  w o r k e r s  a t  t h e  F o r e s t  P r o d u c t s  L a b o r a 

t o r y ,  (2 6 )  u s i n g  " l i g n i n ” o b t a i n e d  f ro m  a c i d  h y d r o l y s i s ,  

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

l i g n i n  ( f i v e  t o n s  p e r  a c r e )  and f e r t i l i z e r  w ere  more v i g o r 

ous  and  b o r e  more f r u i t s  t h a n  w h e r e  o n l y  f e r t i l i z e r  was 

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

no f e r t i l i z e r  w e re  h e a l t h y  and b o r e  good f r u i t ,  b u t  y i e l d s  

w ere  s m a l l e r  t h a n  f rom  t h e  p l o t s  r e c e i v i n g  f e r t i l i z e r  a l o n e 0

Dunn and E p p e l s h e i m e r  (26)  t e s t e d  t h e  e f f e c t  o f  l i g n i n  

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

T h in  l a y e r s  o f  l i g n i n  w e re  a p p l i e d  b e t w e e n  l a y e r s  o f  s o i l  

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

showed t h a t  l i g n i n  i n c r e a s e d  t h e  y i e l d ,  s i z e  an d  s t a r c h  

c o n t e n t  o f  t h e  t u b e r s #

H a r r i n g t o n  (26)  r e p o r t e d  t h a t  ch ry san th em u m s  grown 

i n  s o i l s  t o  w h i c h  10 p e r c e n t  o f  l i g n i n  h a d  b e e n  ad d e d  p r o 

d u ce d  l o n g e r  s t e m s  and b o r e  l a r g e r  b looms t h a n  d i d  t h e  

c o n t r o l  p l a n t s #  The s t e m  w e i g h t  w as  i n c r e a s e d  by  30 p e r c e n t #
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L i g n i n  a s  a  S o i l  C o n d i t i o n e r

V e r s h i n i n  ( 6 1 ) ,  Sowden an d  A t k i n s o n  ( S k )  r e p o r t e d  

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

e f f e c t s  on  t h e  p h y s i c a l  s t r u c t u r e  o f  s o i l #

M i l l e r  (3 8 )  showed t h a t  l o a d - b e a r i n g  q u a l i t i e s  o f  

some s o i l s  w e r e  im p ro v e d  b y  m i x i n g  l i g n i n  o r  a  s u b s t a n 

t i a l l y  w a t e r  i n s o l u b l e  l i g n e o u s  m a t e r i a l  w i t h  th e m .  S o i l s  

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

i z e d  i n  t h e  same manner# D e p e n d in g  on t h e  n a t u r e  o f  t h e  

s o i l ,  0»2 t o  10 p e r c e n t  o f  l i g n e o u s  m a t e r i a l  was r e q u i r e d ,  

b u t  t h r e e  p e r c e n t  o r  l e s s  was p r e f e r r e d #

M c C a l l a  (33)  f o u n d  t h a t  w a x e s ,  f a t s  an d  l i g n i n s  i n  

c o n c e n t r a t i o n s  o f  one p e r c e n t  o r  more  g r e a t l y  s t a b i l i z e d  

s o i l  p a r t i c l e s o

M a r t i n  an d  Waksman (36)  f o u n d  t h a t  i n  m o i s t  c l a y  loam 

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

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

l im e#  The a g g r e g a t i o n  was n o t  so a p p a r e n t  a f t e r  t h e  s o i l  

d r i e d #  They a l s o  r e p o r t e d  t h a t  p e a t  p l u s  l i g n i n  d i d  n o t  

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

N i k i s h k i n a  (if2 ) f o u n d  t h a t  am m onia ted  l i g n i n  i n c r e a s e d  

t h e  s t r u c t u r a l  s t a b i l i t y  o f  3 , 2 , and  1 m i l l i m e t e r  a g g r e 

g a t e s #

H a r r i s  (2 6 )  i n d i c a t e d  t h a t  w o o d - h y d r o l y s i s  l i g n i n ,  

when u s e d  a s  a  m u lch  b e t w e e n  ro w s  o f  t o m a t o e s ,  k e p t  t h e  s o i l  

m o i s t  and  was e a s i l y  w o rk e d  i n t o  t h e  s o i l .
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H a m i l t o n  and T ru o g  (26)  t e s t e d  t h e  u s e  o f  l i g n i n  i n  

b o t h  f i e l d  an d  g r e e n h o u s e .  They fo u n d  t h a t  a d d i t i o n s  o f  

l i g n i n  r e s u l t e d  i n  a  g r e a t e r  e a s e  o f  c u l t i v a t i o n .  W a te r  

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

s o i l ,  an d  s o i l  h a r d n e s s  w e re  a l s o  im p r o v e d .  I t  was fo u n d  

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

ITine m on ths  a f t e r  t h e  a d d i t i o n  o f  l i g n i n  t o  a  s o i l ,  

an i n c r e a s e  o f  i n f i l t r a t i o n  r a t e  up t o  100- f o l d  was fo u n d  

by  A r i e s  ( 5 )»

L i g n i n  - -  a 3 R e l a t e d  w i t h  S o i l  O r g a n i c  M a t t e r  
and  C h em ica l  P r o p e r t i e s  o f  S o i l

N e l l e r  an d  K e l l y  (I4I )  showed t h a t  t h e  o r g a n i c  m a t t e r  

c o n t e n t  o f  s o i l s  c o u l d  b e  i n c r e a s e d  b y  means o f  w a s t e  wood 

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

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

t u r e ,  m o i s t u r e ,  and  a e r a t i o n  c o n d i t i o n s  w e re  c o n d u c i v e  t o  

l o s s  by  o x i d a t i o n  t h r o u g h o u t  m os t  o f  t h e  y e a r .  U nder  p r o p e r  

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

were  more  p r o d u c t i v e .  T h e se  w r i t e r s  a l s o  r e p o r t e d  t h a t  

n e u t r a l  and  n e u t r a l i z e d  wood w a s t e  l i g n i n s  r e t a r d e d  t h e  

l o s s  by  l e a c h i n g  o f  f e r t i l i z e r  p h o s p h a t e  f ro m  sandy  s o i l s .

Sowden and  A t k i n s o n  (5>£) p o i n t e d  o u t  t h a t  l i g n i n  

i s o l a t e d  f rom  s o i l  was d i f f e r e n t  f rom  p l a n t  l i g n i n  i n  many 

r e s p e c t s .  I t  was  v e r y  low i n  m e th o x y l  c o n t e n t ,  h i g h  i n  

t o t a l  n i t r o g e n ,  s o l u b l e  i n  w a t e r ,  b u t  i n s o l u b l e  I n  d i l u t e  

a c i d .  How ever ,  t h e  u l t r a - v i o l e t  l i g h t  a b s o r p t i o n  c u r v e  was



7

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

com pounds«

Prom t h e  r e s u l t s  o f  h y d r o g e n a t i o n  o f  " a l k a l i  l i g n i n " ,  

G o t t l i e b  an d  H e n d r i c k s  (25)  i n d i c a t e d  t h a t  l i g n i n  i n  s o i l  

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

as  d o e s  l i g n i n  t r e a t e d  w i t h  a l k a l i .  The chan g e  c o n s i s t s  

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

o f  f u s e d  r i n g  s t r u c t u r e s  w h ic h  a r e  more  r e s i s t a n t  t o  h y d r o -  

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

H a r r i s  (26)  p o i n t e d  o u t  t h a t  l i g n i n  i s  s l o w l y  c h a n g ed  

t o  h u m ic  s u b s t a n c e s  when mixed*.with  s o i l .  Even b e f o r e  i t  

i s  c o n v e r t e d  t o  humus,  i t  h a s  many p r o p e r t i e s  o f  humus,  

such  a s  t h e  a b i l i t y  t o  r e a c t  w i t h  m i n e r a l s  i n  t h e  s o i l ,  t o  

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

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

E v i d e n c e  o f  the '  p r e s e n c e  o f  l i g n i n  i n  s o i l  o r g a n i c  

m a t t e r ,  a c c o r d i n g  t o  B e r t r a m s o n  and  White  (1 3 )»  r e s t s  on 

r e s u l t s  f ro m  d e c o m p o s i t i o n  s t u d i e s ,  on r e s i s t a n c e  o f  30 

t o  50 p e r c e n t  o r  more o f  o r g a n i c  m a t t e r  t o  c o l d  s t r o n g  

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

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

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

g r o u p s  and d e p o l y m e r i z a t i o n  r e s u l t e d  f rom  c h a n g e s  w h ic h  

l i g n i n  h a d  u n d e r g o n e  i n  s o i l .

M i l l a r ,  S m i th  an d  Brown (37)  a g r e e d  w i t h  McGeorge (3l+)> 

B a r t l e t t  a n d  Herman (9 )  t h a t  d u r i n g  t h e  d e c o m p o s i t i o n  o f  

o r g a n i c . m a t t e r ,  t h e r e  i s  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n
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b e tw e e n  p e r c e n t  i n c r e a s e  i n  b a s e  e x c h a n g e  c a p a c i t y  and  t h e  

amount  o f  l i g n i n  i n  s o i l s .  Bu t  s i n c e  t h e  i n c r e a s e  i n  t h e  

b a s e  h o l d i n g  power  was so much g r e a t e r  t h a n  t h e  i n c r e a s e  

i n  t h e  l i g n i n  c o n t e n t ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  a ch an g e  

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

t a k e n  p l a c e .

McGeorge (35)  r e p o r t e d  t h a t  t h e  e x c h a n g e  c a p a c i t y  o f  

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

e n t  s o i l s .  L e a c h i n g  t h e  l i g n i n  an d  l i g n o - h u m a t e  w i t h  w a t e r  

i n c r e a s e d  t h e  ex c h a n g e  c a p a c i t y  w h ic h  he  b e l i e v e d  was dixe 

t o  h y d r o l y s i s o

A n d e r s o n  (3)  c l a i m e d  t h a t  t h e  e x c h a n g e  c a p a c i t y  o f  

t h e  s u l f i t e  w a s t e  l i q u o r  d e p e n d s  on t h e  s u l f o n i c  a c i d  g ro u p s  

i n  t h e  l i g n i n  m o l e c u l e .  U n d 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 ,  

t h e  maximum c a p a c i t y  o f  t h e  e x c h a n g e r s  d i d  n o t  e x c e e d  a  

v a l u e  o f  0 .6  m i l l i e q u i v a l e n t  p e r  m i l l i l i t e r  o r  1 .2 0  m i l l i -  

e q u i v a l e n t  p e r  g ram .

Waksman and I y e r  (68)  f o u n d  t h a t  l i g n i n  a l o n e  h a d  a 

low b a s e  e x c h a n g e  c a p a c i t y .  The b a s e  e x c h a n g e  c a p a c i t y  o f  

p r o t e i n  was low b u t  somewhat h i g h e r  t h a n  f o r  l i g n i n .  When 

t h e  two w e re  c h e m i c a l l y  com bined  i n  t h e  fo rm  o f  a  c o m p lex ,  

t h e  b a s e  ex ch an g e  c a p a c i t y  was g r e a t l y  i n c r e a s e d .  As t h e  

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

e x c h a n g e  c a p a c i t y  i n c r e a s e d  w i t h i n  c e r t a i n  l i m i t s .  The 

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

r e l a t i o n s h i p s  were,  s i m i l a r .  D r y i n g  t h e  c o m p le x e s  r e d u c e d  

t h e i r  b a s e  ex c h a n g e  c a p a c i t i e s  t o  some e x t e n t .  The n a t u r e



9

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

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

b a s e  e x c h a n g e  c a p a c i t i e s  w e r e  o b t a i n e d  w i t h  C a -c o m p le x e s  

and  t h e  l o w e s t  w i t h  a lu m in u m -c o r a p le x e s *

B a r t l e t t  and  Norman (9)  f o u n d  t h a t  t h e  m a g n i t u d e  o f  

t h e  i n c r e a s e d  b a s e  e x c h a n g e  c a p a c i t y  o b s e r v e d  on  decompo

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

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

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

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

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

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

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

was an ad d e d  a d v a n t a g e .

N i k i s h k i n a  (if2 ) ,  Waksman a n d  H u t c h i n g s  ( 6 £ ) ,  and  

Honcamp and  W iessmann (2 8 )  a l l  a g r e e d  t h a t  l i g n i n  h a s  t h e  

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

s o i l  and  t h e  ammonia i n  l i q u i d  m a n u r e 0

L i g n i n  - -  I t s  D e c o m p o s i t i o n  i n  S o i l

Waksman and  I y e r  ( 6 7 ) and  O sugi  a n d  Endo o b s e r v e d

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

p r o t e i n .  The e f f e c t ,  t h e y  c l a i m e d ,  was  n o t  due t o  a n y  

t o x i c  a c t i o n  o f  l i g n i n  b u t  was a  r e s u l t  o f  i n t e r a c t i o n  

b e tw e e n  l i g n i n  an d  p r o t e i n .  Waksman an d  Cordon  ( 6ij.) an d  

P u l l e r  and Norman (23)  f o u n d  s i m i l a r  d e p r e s s i v e  e f f e c t s  i n  

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

and  S h e r r a r d  (ijlj.) and L e v i n e  a n d  o t h e r s  ( 3 2 ) ,  on  t h e  o t h e r  

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

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

B e n n e t t  (12)  s t u d y i n g  t h e  d e c o m p o s i t i o n  o f  o a t  h a y ,  

c o r n  s t i l a g e ,  t i m o t h y  h a y  and  c o r n  s t a l k s  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  13 p e r c e n t  l i g n i n  f o u n d  t h a t  u n d e r  c e r t a i n  

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

Waksman and  Tenney  (70)  p o i n t e d  o u t  t h a t  l i g n i n s  a r e  

more r e s i s t a n t  t o  t h e  a c t i o n s  o f  f u n g i  and b a c t e r i a  t h a n  

a r e  any  o f  t h e  o t h e r  m a j o r  i n g r e d i e n t s  o f  t h e  n a t u r a l  

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

b e l i e v e d  b y  th em  t o  a c c o u n t  f o r  a  l a r g e  p a r t  o f  s o i l  humus,

Waksman and  H u t c h i n g s  (6 6 ) sum m ar ized  t h e  a c c u m u l a t e d  

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

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

dues  i n  n a t u r e  a s  f o l l o w s :

1 ,  L i g n i n  i s ,  among c h e m i c a l  c o m p le x e s ,  m o s t  r e s i s t a n t  ‘ 

t o  a t t a c k  b y  f u n g i ,  b a c t e r i a  an d  i n v e r t e b r a t e  

a n i m a l s  l i v i n g  i n  s o i l s ,  p e a t  bo g s  an d  c o m p o s t s ,

2 .  L i g n i n  d o es  n o t  a c c u m u l a t e  q u a n t i t a t i v e l y  i n  t h e  

same s t a t e  i n  w h i c h  i t  e x i s t s  i n  p l a n t  m a t e r i a l s  

b u t  u n d e r g o e s  a  s low  p r o c e s s  o f  t r a n s f o r m a t i o n *

3* C e r t a i n  s p e c i f i c  g r o u p s  o f  m i c r o o r g a n i s m s ,  f o u n d  

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

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

q u e n t l y  e v e n  t o  a  g r e a t e r -  e x t e n t  t h a n  t h a t  o f



c e l l u l o s e  a n d  h e m i c e l l u l o s e .  

i+o L i g n i n  i s  s u b j e c t  to d e c o m p o s i t i o n  b y  t h e s e  o r g a n 

ism s  so l o n g  a s  i t  i s  p r e s e n t  i n  f r e s h  o r  i n  p a r t l y  

d ecom posed  p l a n t  t i s s u e s ;  once  i t  i s  p r e p a r e d  i n  a 

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

a t t a c k  e v e n  b y  t h e s e  o r g a n i s m s *

5>« The e f f e c t  o f  l i g n i n  upon  m i c r o b i a l  a c t i v i t i e s ,  

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

t a t i o n  an d  n i t r a t e  f o r m a t i o n ,  i s  n o t  i n j u r i o u s  and  

may e v e n  b e  f a v o r a b l e ,

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

a ,  a  l o s s  o f  m e th o x y l  g r o u p s

b ,  d a r k e n i n g  i n  c o l o r ,  a c c o m p a n ie d  by a b s o r p t i o n  o f  

o xygen

c ,  c o m b i n a t i o n  w i t h  p r o t e i n

d ,  i n c r e a s e  i n  a l k a l i  s o l u b i l i t y

A l t h o u g h  l i g n i n  i s  r e s i s t a n t  t o  a t t a c k  by m i c r o o r g a n 

i s m s ,  i t  d o e s  n o t  p o s s e s s  a n t i s e p t i c  p r o p e r t i e s  ( 5 3 )* T t  

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

d e p e n d i n g  upon  e n v i r o n m e n t a l  c o n d i t i o n s  ( 9 , i+7 )»

Norman (1+3) f o u n d  t h a t  u n d e r  a e r o b i c  c o n d i t i o n s  and  

i n  s i t u  l i g n i n  i s  q u i t e  s t a b l e ,  b u t  u n d e r g o e s  a  s l i g h t  

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

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

l i g n i n  as  w e l l  a s  c e l l u l o s e  an d  t h e  h e m i c e l l u l o s e .  Under  

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

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

i s  n o t  a t t a c k e d  by a e r o b i c  and a n a e r o b i c  m i c r o o r g a n i s m s  

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

P u l l e r  and  Norman (23)  fo u n d  t h a t  t h e  e x t e n t  o f  decom

p o s i t i o n  a c c o m p l i s h e d  by  t h e  v i g o r o u s  .o rg a n i s m s ,  P se u d o 

monas e p h e m e r o c y a n e a ,  and  S p o r o c y to p h a g a  m y x o c o c c o id e s ,  

i n c r e a s e d  a s  t h e  l i g n i n  c o n t e n t  was r e d u c e d .  L e s s  v i g o r o u s  

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

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

F i s c h e r  and  S c h r a d e r  '■(22) showed t h e  r e l a t i v e  b i o l o g i c a l  

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

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

G o t t l i e b  and  G e l l e r  (2 i+) f o u n d  t h a t  l i g n i n  c o u l d  be 

decom posed  b y  u s i n g  c o m m e rc ia l  mushroom spawn a s  an  enzyme 

w h ic h  i s  an  i n t i m a t e  m i x t u r e  o f  m yce l ium  o f  A g a r i c u s  

c a m p e s t r i s  and  w e l l  decomposed  h o r s e  m a n u r e .  The enzyme 

was a c t i v a t e d  by c i t r a t e  and  p h o s p h a t e  i o n s  and  b u f f e r e d  

t o  pH 6-.0.

Denkho (18) c l a i m e d  t h a t  l i g n i n  decomposes  f a s t e r  i n  

an  a c i d  medium t h a n  i n  a  n e u t r a l  o r  a l k a l i n e  medium. As 

l i g n i n  i s  decom posed  m i c r o o r g a n i s m s  im m o b i l i z e  n i t r o g e n ,  

B a r t l e t t ,  S m i th  an d  Brown (1 0 )  b e l i e v e d  t h a t  t h e r e  

was some s o r t  o f  d i r e c t  c h e m i c a l  p r o c e s s  w h ic h  b r o k e  down 

t h e  o r i g i n a l  " n a t u r a l  l i g n i n "  i n t o  a more r e a d i l y  a v a i l a b l e  

fo rm  b e f o r e  a c t i v e  m i c r o b i o l o g i c a l  d e c o m p o s i t i o n  s e t  i n .



I l l . LABORATORY STUDIES

M a t e r i a l  u s e d  and  p r o c e d u r e :

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

f ro m  A g r i c u l t u r a l  R e s i d u e s  D i v i s i o n ,  N o r t h  R e g i o n a l  R e s e a r c h  

L a b o r a t o r y ,  U. S. D. A . ,  P e o r i a  5> I l l i n o i s .  The l i g n i n  

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

was n o t  as  f r e e  f ro m  c a r b o h y d r a t e s  a s  was a n t i c i p a t e d .

I f  t h e  work on  t h e  s a c c h a r i f i c a t i o n  p r o c e s s  i s  c o n t i n u e d ,  

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

b u t  i t  w i l l  n o t  b e  e n t i r e l y  e l i m i n a t e d .  T a b le  1 shows t h e  

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

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

Miami s an d y  loam  a n d  B r o o k s t o n  c l a y  lo am  s o i l s .  The pH o f  

t h e  two s o i l s  was f o u n d  t o  be 6 , 5 2  by Beckman pH m e t e r .

F o r  c o n v e n i e n c e  t h e s e  s o i l  s a m p le s  a r e  r e f e r r e d  t o  by  t h e  

s o i l  t y p e  names t h r o u g h o u t  t h i s  t h e s i s .

Th ree  l e v e l s  o f  " l i g n i n ” w ere  a p p l i e d  t o  t h e  two 

s o i l s  &s f o l l o w s :

L 0 0 t o n s  p e r  a c r e

L 2 . 5  2 . 5  t o n s  p e r  a c r e

L 5 . 0  5 . 0  t o n s  p e r  a c r e

L 7*5 7*5. t o n s  p e r  a c r e

Each  t r e a t m e n t  was r e p l i c a t e d  f o u r  t i m e s ,  m a k in g  a 

t o t a l  o f  32 p o t s .



I k

TABLE 1

PROXIMATE ANALYSIS OP "LIGNIN” PRODUCED BY SACCHARIFICATION 
OF CORNCOBS IN SYNTHETIC LIQUID FUELS SEMI-WORKS PLANT, 

PEORIA, ILLINOIS.  JUNE, 19^0

P e r c e n t

L i g n i n  ij-2,33

C e l l u l o s e
M o n o e th a n o la m in e  m ethod  ( p e n t o s a n  f r e e )  i j.2,10-
A l p h a - c e l l u l o s e  ( p e n t o s a n  f r e e )  lij.«20

A l c o h o l - b e n z e n e  e x t r a c t i o n s  13*74-

P e n t o s a n s  3*57

T i t r a t a b l e  a c i d i t y  ( a s  SO^) 0 .8 6

A l k a l i  s o l u b i l i t y  (1% NaOH) 6 6 .2 7

M eth o x y l  6 .3 7

M o i s t u r e  6 . 7 0

N ( K j e l d a h l )  0 .2 3

Ash 0 .8 7
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One t h o u s a n d  grams o f  s o i l  and  11 l i g n i n ” o f  t h e  v a r i o u s  

r a t e s  w e re  w e l l  m ix e d  and  p u t  i n t o  h a l f - g a l l o n  p o t s .  The 

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

m o i s t u r e  e q u i v a l e n t  w i t h  d i s t i l l e d  w a t e r .  A f t e r  f i v e  w eeks ,  

t h e  s o i l s  w e re  a i r  d r i e d .  F i f t y  grams o f  t h e  a i r  d r y  s o i l  

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

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

s i e v e  f o r  l a b o r a t o r y  s t u d i e s .

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

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

E x p e r i m e n t a l :

A. P h y s i c a l

(1)  A g g r e g a t e  a n a l y s i s

F i f t y  grams o f  a i r  d r y  s o i l  was u s e d  f o r  a g g r e g a t e  

a n a l y s i s  a c c o r d i n g  t o  Y o d e r ’ s w e t  s i e v i n g  m ethod  (7 W ) *

The p e r c e n t a g e  o f  a g g r e g a t e s  a s  a f f e c t e d  b y  " l i g n i n ” 

t r e a t m e n t  a t  v a r i o u s  r a t e s  a r e  shown i n  T a b l e s  2 and  3 ,

The e f f e c t  o f  " l i g n i n ” on t h e  p e r c e n t a g e  o f  a g g r e 

g a t e s  g r e a t e r  t h a n  0*25 mm i s  shown by  t h e  c u r v e s  p r e s e n t e d  

i n  F i g u r e s  I  and  I I *

I t  c a n  b e  s e e n  f ro m  T a b l e s  2 and  3 t h a t  t h e  a d d i t i o n

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

S i n c e  i t  was s u g g e s t e d  by  T i u l i n  (57)  t h a t  o n l y  t h o s e  a g g r e 

g a t e s  l a r g e r  t h a n  0*25 mm a r e  r e s p o n s i b l e  f o r  s t a b l e  

s t r u c t u r e ,  s p e c i a l  a t t e n t i o n  was g i v e n  t o  t h o s e  a g g r e g a t e s *
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TABLE 2

AGGREGATE ANALYSIS OP MIAMI SANDY LOAM SOIL TREATED 
WITH DIFFERENT RATES OF nLI'GNINn

P a r t i c l e  s i z e  
mm p e r c

T r e a t m e n t s  
e n t a g e  o f  t o t a l  w e i g h t

L 0 L 2 , 5 L 5 . 0 L 7 . 5

> 4 5 . 2 2 “ 6 «81| 8 . 7 4 9»i|-6

2-i*. 3 . 3 2 3*48 3 .5 8 4*18
1 - 2 4«60 4 . 6 4 5 . 7 6 5 . 2 2

0 . ^ - 1 7 . 9 8 8 . 3 0 8 , 9 8 8 . 2 2
o 025 -o » 5 2 3 . 7 6 24*24 2 2 , 1 0 2 2 .7 6

0 , 1 0 5 - 0 ,2 5 2^*56 2 0 . 0 4 23*82 2 2 .4 8

c  0 ,1 0 5 3 0 . 5 6 3 2 . 4 6 2 7 .0 2 27 0 68

‘“‘A v e ra g e  o f  t h r e e  r e p l i c a t i o n s

TABLE 3

AGGREGATE ANALYSIS OF BROOKSTON CLAY LOAM SOIL 
TREATED WITH DIFFERENT RATES OF “LIGNIN”

P a r t i c l e  s i z e  T r e a t m e n t s
mm  p e r c e n t a g e  o f  t o t a l  w e i g h t

L 0 L 2 . 5 L 5 .0 L 7*5

> 4 3 .1 4 3 . 2 4 4 .3 6 10*44

2 -4 3 .9 6 5 . 2 4 6 .26 5 .80
1 - 2 5 .2 8 6 .9 2 7 *66 7 .6 6

o , 5  -1 1 0 .4 2 10*94 1 2 .7 8 1 2 .1 4
0 ,2 5  - 0 ,5 2 4 .18 2 2 .3 4 2 4 .1 4 2 2 ,7 2
0 , 105- 0 .2 5 2 4 .86 2 2 .68 25*74 1 6 .9 4

< 0 .1 0 5 2 8 ,1 6 2 8 ,6 4 1 9 .0 6 24 .30



F ig u r e  ;I.: F f f e  
inco: ? pepa' f£cjnF 
o n ;; a g g r e g a t i o n  
sand v  loam ;

gu
in c o  
on  a to n

loam

S  *1

L  O L5.  6 L S . o

b e n tPe a v a i l a b l e
d av ith   ̂d i  ? f e r e n tr e  a t  

l i g r i

L o L 2 .5  LS.O 1 7 5

Miam3 s m ey  lo;on
L % 5 LS.O

Brool st 'on loam L lg n i n
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As shown i n  F i g u r e s  I  and  I I ,  t h e  p e r c e n t  a g g r e g a t e s  

g r e a t e r  t h a n  0 .2 5  mm i n c r e a s e d  w i t h  t h e  r a t e  o f  " l i g n i n "  

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

N i k i s h k i n a  (ij.2 ) .

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

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

p a r t i c l e s  i n t o  s t a b l e  a g g r e g a t e s .  The s o i l  c o l l o i d s  may 

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

t h e i r  c e m e n t a t i o n  e f f e c t s  a r e  c o n c e r n e d .  They a r e  c l a y  

p a r t i c l e s  t h e m s e l v e s ,  i r r e v e r s i b l e  o r  s l o w l y  r e v e r s i b l e  

i n o r g a n i c  c o l l o i d s ,  and  o r g a n i c  c o l l o i d s .  As i s o l a t e d  

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

and  s i n c e  i t  p o s s e s s e s  a d s o r p t i v e  p r o p e r t i e s  ( £ ,  1 9 ).■. i t  

i s  b e l i e v e d  t h a t  l i g n i n  i t s e l f  may i n  one way o r  a n o t h e r  

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

a g g r e g a t e  f o r m a t i o n .  The n a t u r e  o f  b i n d i n g  i s ,  h o w e v e r ,  

unknown.  I t  c o u l d  be  a p h y s i c a l  o r  c h e m i c a l  l i n k a g e  o r  

a c o m b i n a t i o n  o f  t h e  tw o .  S i n c e  e x p e r i m e n t s  h a v e  shown 

t h a t  i s o l a t e d  l i g n i n  shows g r e a t  a f f i n i t y  f o r  p o s i t i v e l y -  

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

a n e g a t i v e  c h a r g e .  T h i s  s u g g e s t s  t h a t  t h e  l i n k a g e  b e tw e e n  

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

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

I t  i s  known t h a t  m i c r o b i a l  p r o d u c t s  t e n d  t o  cem ent  

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

( s e e  T a b le  1 2 ) ,  t h e r e  i s  a  p o s s i b i l i t y  t h a t  t h e  im p ro v ed  

a g g r e g a t i o n  may be  i n d i r e c t l y  due t o  o r g a n i s m  a c t i v i t y .
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(2 )  M o i s t u r e  e q u i v a l e n t

T h i r t y - g r a m  s a m p le s  o f  a i r  d r y  s o i l  w e r e  u s e d  f o r  

m o i s t u r e  e q u i v a l e n t  d e t e r m i n a t i o n s .  On ly  1 0 -g ra m  s a m p le s  

o f  t h e  o r i g i n a l  m a t e r i a l  ( ’’l i g n i n ” ) w e re  u s e d  due t o  t h e  

b u l k i n e s s  o f  t h i s  m a t e r i a l .  B r i g g s  an d  M cL an e 's  m e th o d  

( 1 6 ) w h ic h  d e f i n e s  t h e  t e r m  ’’m o i s t u r e  e q u i v a l e n t ” a s  t h e  

amount o f  w a t e r  h e l d  b y  s o i l  a g a i n s t  a  f o r c e  1000 t i m e s  

g r a v i t y  ( e q u i v a l e n t  t o  t h e  c e n t r i f u g a l  f o r c e  a t  2ljli0 rpm 

f o r  30 m i n u t e s )  was u s e d .  The p e r c e n t  m o i s t u r e  a t  m o i s t u r e  

e q u i v a l e n t  i s  shown i n  T a b le  L|.»

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

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

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

L i k e w i s e  i t  may r e s u l t  i n  a h i g h e r  w i l t i n g  p o i n t .  The 

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

o b t a i n e d  f ro m  a d d i t i o n  o f  o r g a n i c  m a t t e r .  As i n d i c a t e d  i n  

T a b l e s  I4. an d  t h e r e  w as  a d e f i n i t e  t r e n d  t o w a r d  i n c r e a s e d  

m o i s t u r e  p e r c e n t a g e s *  a t  b o t h  m o i s t u r e  e q u i v a l e n t  and  

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

’’l i g n i n ” . I t  i s  n o t  s u r p r i s i n g  t h a t  t h e  i n c r e a s e s  a r e  

s m a l l  when i t  i s  r em em bered  t h a t  a f i v e  t o n  a p p l i c a t i o n  

i s  e q u a l  o n l y  t o  0 o $  p e r c e n t  o f  t h e  s o i l .

(3 )  H y g r o s c o p i c  c o e f f i c i e n t

T en -g ram  s a m p le s  o f  a i r  d r y  w o i l  w ere  w e ig h e d ,  o v e n -  

d r i e d ,  an d  r e w e i g h e d .  The p e r c e n t  m o i s t u r e  (on  t h e  o v en -  

d r y  s o i l  b a s i s )  was c a l c u l a t e d  and  i s  shown i n  T a b le  f?»
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TABLE !(.

PERCENT MOISTURE OF SOILS TREATED WITH DIFFERENT RATES 
OF "LIGNIN” AT MOISTURE EQUIVALENT

L 0 L 2 . 5 L 5 . 0 L 7 . 5

Miami s a n d y  lo am 13 *98 1 3 . 7 6 1I+.16 li|.o21

B r o o k s t o n  c l a y  loam 21 .51 . 2 2 .  0i|. 2 2 .1 8 2 2 .5 9

" L i g n i n "

PERCENT MOISTURE OF 
OF "LIGNIN"

TABLE 5

SOILS TREATED 
AT HYGROSCOPIC

WITH DIFFERENT 
COEFFICIENT

RATES

L 0 L 2 . 5 L 5 . 0 L 7 . 5

Miami s a n d y  loam 0 .I4.6 0 .5 3 0 , 5 2 0 .5 3

B r o o k s t o n  c l a y  loam 

" L i g n i n "

1 . 3 3  1.14-05 1 . 6 0 1 .7 2

4 . 2 9
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I n  s t u d y i n g  s o i l  m o i s t u r e ,  one i s  o f t e n  c o n c e r n e d  

w i t h  t h e  amount o f  w a t e r  a v a i l a b l e  t o  p l a n t s  w h ich  may o r  

may n o t  b e  i n c r e a s e d  b y  t h e  a d d i t i o n  o f  o r g a n i c  m a t t e r ,  as 

c l e a r l y  shown b y  F e u s t e l  and B y e r s  ( 2 0 )«  F o r  p r a c t i c a l  

p u r p o s e s ,  t h e  t e r m  ’’a v a i l a b l e  w a t e r ” c o u l d  be  i n t e r p r e t e d  

a s  t h e  amount o f  w a t e r  h e l d  a t  f i e l d  c a p a c i t y  minus  t h e  

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

l o a m s ,  t h e  amount o f  w a t e r  h e l d  a t  m o i s t u r e  e q u i v a l e n t  

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

s i n c e  i t  h a s  b e e n  f o u n d  ( 2 , 5 2 ) t h a t  t h e  f i e l d  c a p a c i t y  

f o r  lo a m s  was a b o u t  t h e  same a s  m o i s t u r e  e q u i v a l e n t .  The 

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

com pared  i n  F i g u r e  I I I .  N o te  t h e  s l i g h t  i n c r e a s e  i n  

a v a i l a b l e  w a t e r  f o r  t r e a t e d  s o i l s  o v e r  t h a t  o f  check  s o i l ,  

and t h e  t r e m e n d o u s  amount  o f  a v a i l a b l e  w a t e r  h e l d  b y  ’’l i g n i n ” .

(J4.) R h e o l o g i c a l  p r o p e r t i e s

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

d e t e r m i n e d  b y  A t t e r b e r g ’ s p r o c e d u r e  ( 6 ) .  Shown i n  T a b le  6 

a r e  p e r c e n t  m o i s t u r e  a t  u p p e r  and l o w e r  p l a s t i c  l i m i t s ,  

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

As i n d i c a t e d  i n  T a b le  6 , t h e  a d d i t i o n  o f  ’’l i g n i n ” 

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

l i m i t s  and  s t i c k y  p o i n t  d e s p i t e  t h e  f a c t  t h a t  ’’l i g n i n ” 

i t s e l f  does  n o t  d i s p l a y  any p l a s t i c i t y .

I t  h a s  b e en  d e m o n s t r a t e d  t h a t  i n  o r d e r  f o r  a s o i l  to  

become p l a s t i c ,  s u f f i c i e n t  w a t e r  m u s t  be  ad d e d  to  p r o v i d e
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TABLE 6

PERCENT MOISTURE OP SOILS TREATED WITH DIFFERENT RATES OF 
"LIGNIN" AT UPPER AND LOWER PLASTIC LIMITS,

STICKY POINT AND PLASTICITY NUMBER

L 0 L 2 . 5 L 5o0 l  7 . 5

U p p er  p l a s t i c  l i m i t  
Miami s a n d y  loam 2 ^ . 3 2 2 5 .2 7 2 5 ,1 8 2 6 .0 8

B r o o k s t o n  c l a y  loam 3 8 .7 2 4 0 .6 7 4 2 .7 5 4 0 .7 1

Low er  p l a s t i c  l i m i t  
Miami san d y  loam 1 7 . 2 8 1 7 . 5 2 1 8 ,3 8 18,144

B r o o k s t o n  c l a y  lo am 2i|.* 02 2 4 . 9 4 2 5 .3 5 2 4 .7 1

S t i c k y  p o i n t
Miami s a n d y  loam 1 7 . 3 7 1 7 .3 6 1 8 .0 0 1 8 .4 9

B r o o k s t o n  c l a y  lo am 2 4 , 0 6 2 4 .9 0 2 5 .9 0 2 5 .4 5

P l a s t i c i t y  number 
Miami s a n d y  loam 7 . 0 5 7 . 7 5 6 ,8 0 7 . 6 4

B r o o k s t o n  c l a y  loam 1 4 . 7 0 1 6 .7 3 1 7 .4 0 1 6 .0 0
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a f i l m  a r o u n d  e a c h  p a r t i c l e .  The o r i e n t a t i o n  o f  p a r t i c l e s  

and  t h e i r  s u b s e q u e n t  s l i d i n g  o v e r  one a n o t h e r  t h e n  t a k e s  

p l a c e .  Such  o r i e n t a t i o n  i n c r e a s e s  t h e  amount o f  c o n t a c t  

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

t o g e t h e r  w i t h  an  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  w a t e r - f i l m  

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

t h e  p l a s t i c  e f f e c t .

I s o l a t e d  l i g n i n - l i k e  o r g a n i c  m a t t e r  h a s  a h i g h  a b s o r p 

t i v e  c a p a c i t y  f o r  w a t e r .  I t  t a k e s  up t h e  f i r s t  w a t e r  

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

s o i l  p a r t i c l e s .  H y d r a t i o n  o f  l i g n i n  m u s t  be  f a i r l y  c o m p le te  

b e f o r e  s u f f i c i e n t  w a t e r  becomes a v a i l a b l e  f o r  f i l m  f o r m a t i o n  

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

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

c o n t e n t .  T h i s  means  t h a t  t h e  l i g n i n - t r e a t e d  s o i l  w ou ld  be 

l e s 3 e a s i l y  p u d d l e d .  I t  means  a l s o  t h a t  s o i l  w o r k in g  t o o l s  

w o u ld  be  l e s s  l i k e l y  t o  " s c o u r "  i n  s o i l  w h e re  l i g n i n  was 

addedo

R u s s e l  (50)  h a s  r e p o r t e d  t h a t  t h e  p l a s t i c i t y  number  

i s  a  l i n e a r  f u n c t i o n  o f  t h e  c l a y  c o n t e n t  (5  u  p a r t i c l e s ) .

The p l a s t i c i t y  num ber  a s  shown i n  T a b le  6 c h a n g e s  w i t h  

' ' l i g n i n ” a d d i t i o n  a l t h o u g h  t h e  c l a y  c o n t e n t  r e m a i n s  r e l a 

t i v e l y  c o n s t a n t .  B a v e r  (1 1 )  p o i n t e d  o u t  t h a t  t h e  p l a s t i c 

i t y  number  was  p r o p o r t i o n a l  t o  t h e  r a t i o  ( p l  -  P2 N where
p l p 2 }F-  ̂ and F£ a r e  t h e  f i l m  t e n s i o n s  a t  u p p e r  and  l o w e r  

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

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

p o s s i b l e  f o r  i t  t o  a f f e c t  t h i s  c o n s t a n t #

(5)  P o r o s i t y

The m e th o d  o f  L e a r n e r  a n d  Shaw (31 )  was u s e d  f o r  t h e  

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

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

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

n e c e s s a r y  b e c a u s e  o f  a  l i m i t e d  amount o f  s o i l .  A p p r o x i 

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

c y l i n d e r s  a n d  d e t e r m i n a t i o n s  w ere  made f o r  t o t a l  p o r o s i t y ,  

c a p i l l a r y  p o r o s i t y  and  p o r o s i t y  a t  1 0 ,  2 0 ,  30,  ip0, and  60 

cm w a t e r  t e n s i o n s .  The d a t a  a r e  t a b u l a t e d  i n  T a b l e s  7 

an d  8»

I n  o r d e r  t o  h a v e  a  b e t t e r  e v a l u a t i o n  o f  t h e  d a t a  

p r e s e n t e d  i n  T a b l e s  7 a-n(3. 8 ,  p e r c e n t  p o r o s i t y  a t  v a r i o u s  

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

i s  shown g r a p h i c a l l y  i n  F i g u r e  IV#

I t  c a n  be  n o t e d  f ro m  F i g u r e  IV t h a t  ” l i g n i n ” a l o n e  

showed v e r y  low p o r o s i t y  b u t  when i t  was  added  t o  s o i l  

and  a l l o w e d  t o  s t a n d  f o r  f i v e  w eeks  d u r i n g  w h ic h  w a t e r  

was ad d e d  p e r i o d i c a l l y  a s  d e s c r i b e d  u n d e r  p r o c e d u r e  f o r  

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

v a r i o u s  t e n s i o n s  and d e c r e a s e d  t h e  c a p i l l a r y  p o r o s i t y  ( T a b l e s  

7 an d  8 ) .  T h i s  r e l a t i o n  c a n  be e x p l a i n e d  by t h e  f a c t  t h a t  

" l i g n i n ” a l o n e ,  due t o  i t s  lo w  f o r c e  o f  c o h e s i o n ,  does  n o t  

fo rm  s t a b l e  a g g r e g a t e s  and  i t  h o l d s  w a t e r  a g a i n s t  v a r i o u s
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TABLE 7

PERCENT POROSTTY OF MIAMI SANDY LOAM SOIL TREATED WITH 
DIFFERENT RATES OF "LIGNIN" AT VARIOUS TENSIONS

L 0 L 2 . 5 L 5 . 0 L 7 . 5

T o t a l  p o r o s i t y 51+.71+ 51+. 95 51+.85 5 5 . 6 7  •
P o r o s i t y  a t  

10  cm H20 6 . 9 8 7 . 0 7 ’7 .7 1 8 . 0 3
20 1 0 . 9 2 1 1 .5 8 1 2 . 72. 1 3 . 6 5
30 1 2 . 5 1 1 3 . 2 8 11+.27 1 5 . 3 5
i+o 1 3 . 2 5 li+.i+i 15.1+3 1 6 . 6 5
60 114-85 15.81+ 1 7 . 1 3 1 8 . 3 9

C a p i l l a r y  p o r o s i t y i+1 oi+8 1+0.51+ 39.1+2 3 9 .0 2

TABLE 8

PERCENT POROSITY OF BROOKSTON CLAY LOAM SOIL TREATED 
WITH DIFFERENT RATES OF "LIGNIN" AT VARIOUS TENSIONS

L 0 L 2 . 5 L 5 . 0 L 7 . 5 " L i g n i n "

T o t a l  p o r o s i t y 6 3 .8 3 66.1+7 6 6 . 6 5 65.1+2 6 5 .2 0

P o r o s i t y  a t  
10 cm H2O 11.51+ 1 2 . 7 9 1 3 . 9 3 1 2 . 7 6 3 . 3 3
20 1 8 .3 2 2 0 . 2 0 1 9 . 9 2 20.51+ 3 .3 3
30 2 1 . 6 5 2 3 .9 9 2 3 .2 7 2 3 . 6 0 5 .7 1
1+0 2 3 .8 2 2 6 . 5 0 2 7 . 7 2 2 5 . 8 3 7 .6 3
60 2 7 . 1 5 2 9 . 7 0 2 8 . 0 5 28.1+5 1 3 .8 1

C a p i l l a r y  p o r o s i t y 1+0.01 3 9 .9 7 3 8 .9 3 3 9 .6 1 57«57
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t e n s i o n s  w i t h  g r e a t e r  f o r c e  b e c a u s e  o f  i t s  h i g h  w a t e r  

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

a b l y .  When i t  was a d d e d  t o  s o i l  on  t h e  o t h e r  h a n d ,  i t  

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

a d h e s i v e  f o r c e  a s  i l l u s t r a t e d  i n  T a b l e s  2 and  3 . The 

r e l a t i o n s h i p  b e t w e e n  s i z e  o f  a g g r e g a t e s  and p e r c e n t  

p o r o s i t y  h a s  b e e n  d e m o n s t r a t e d  b y  D o ia r e n k o  ( 3 0 ) .  He 

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

p o r o s i t y  and n o n - c a p i l l a r y  p o r o s i t y  i n c r e a s e d  w h i l e  t h e  

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

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

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

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

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

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

t o t a l  s p a c e  ( 1 1 ) .  The n a r r o w e r  t h e  p r o p o r t i o n  o f  c a p i l l a r y  

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

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

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

e q u a l l y  d i v i d e d .  The a d d i t i o n  o f  " l i g n i n "  t o  s o i l  t e n d s  

t o  n a r r o w  t h i s  p r o p o r t i o n  and  t h e r e f o r e  im p ro v e s  t h e  

s t r u c t u r e  o f  t h e  s o i l  ( T a b l e s  7 an d  8 ) .

B. C h em ica l

(1)  Exchange  c a p a c i t y  d e t e r m i n a t i o n s  w ere  made a c c o r d i n g  

t o  t h e  m e th o d s  p r e s c r i b e d  by P e ec h ,  Dean,  an d  Reed ( ^ 6)0

T w e n t y - f i v e  grams o f  a i r  d r y  s o i l  was s h a k e n  w i t h  2%0 

ml n e u t r a l  N ammonium a c e t a t e  s o l u t i o n ,  a l l o w e d  t o  s t a n d
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f o r  20 m i n u t e s ,  and  f i l t e r e d .

E x c e s s  ammonium a c e t a t e  was w ashed  o u t  f ro m  t h e  

a m m o n iu m - s a tu r a t e d  s o i l  w i t h  2j?0 ml 9^ p e r c e n t  e t h y l  

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

w e l l  e a c h  t im e *  Then t h e  s o i l  was l e a c h e d  w i t h  200 ml 

10 p e r c e n t  NaCl s o l u t i o n  t o  e x t r a c t  a d s o r b e d  ammonium f ro m  

t h e  s o i l .

The NaCl e x t r a c t  was t r a n s f e r r e d  t o  a  K j e l d a h l  f l a s k ,  

t o  w h ic h  NaOH was a d d e d  t o  make an a p p r o x i m a t e l y  N s o l u t i o n ,  

and  d i s t i l l e d  i n t o  5>0 ml o f  If. p e r c e n t  b o r i c  a c i d .  The 

d i s t i l l a t e  was t i t r a t e d  w i t h  s t a n d a r d  0 . 1  N HC1, u s i n g  

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

o f  . t h e  s o i l s  t h u s  d e t e r m i n e d  a r e  shown i n  T a b le  9o

The r e s u l t s  o f  t h e  a n a l y s e s  o f  t h e  b a s e  exchange  

c a p a c i t i e s ,  g i v e n  i n  T a b le  9# t e n d  t o  d e m o n s t r a t e  t h a t  

" l i g n i n ” when ad d e d  t o  s o i l  s l i g h t l y  i n c r e a s e s  t h e  ex change  

c a p a c i t y .  D i f f e r e n t  v i e w s  h a v e  b e e n  e x p r e s s e d  b y  v a r i o u s  

a u t h o r s  a s  t o  t h e  c a u s e  o f  t h i s  i n c r e a s e ,  B a r t l e t t  and  

Norman (9)  b e l i e v e d  t h a t  t h e  i n c r e a s e  i n  b a s e  ex change  

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

M i l l a r  and  h i s  c o - w o r k e r s  (37)  a g r e e d  w i t h  them i n  t h a t  

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

o c c u r r e d  on d e c o m p o s i t i o n .  Waksman a n d  I y e r  ( 6 8 ) ,  on t h e  

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

t o  t h e  f o r m a t i o n  o f  a l i g n o - p r o t e i n  com plex  w h ic h  h a s  an 

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

o r  p r o t e i n  a l o n e .  I t  i s  n o t  p o s s i b l e  t o  t e l l  f ro m  t h e

r



TABLE 9

EXCHANGE CAPACITIES OP SOILS TREATED WITH 
DIFFERENT RATES OF "LIGNIN"

______ M il l ie q u iv a le n t s  per 100 gram3____________
Miami sandy B rookston '’L ignin"

lo a n  c la y  loam

L 0 7 d 7 1 8 .1 8 1 9 . 0 0

L 2*5 7.i+3 1 8 . 3 7

L 5*o 7 J-i-2 1 8 . 3 9

l  7 . 5 7 . 5 9 1 8 .6 1
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d a t a  r e p o r t e d  i n  t h i s  s t u d y  w h ic h  h y p o t h e s i s  s h o u l d  b e  

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

The g r o u p i n g s  a c t i v e  i n  r e t e n t i o n  o f  c a t i o n s  a r e  

l i k e l y  t o  be  p h e n o l i c  h y d r o x y l  g r o u p s  and p o s s i b l y  c a r 

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

a r e  p r e s e n t  i n  n o r m a l  l i g n i n  ( 9 ) .

I t  i s  b e l i e v e d  t h a t  i f  a  l a r g e r  amount o f  " l i g n i n ” 

w ere  u s e d ,  t h e  d e g r e e  o f  i n c r e a s e  i n  exch an g e  c a p a c i t y  

w o u ld  a l s o  b e  i n c r e a s e d .  I n  t h i s  e x p e r i m e n t ,  t h e  h i g h e s t  

l e v e l  o f  " l i g n i n "  a p p l i c a t i o n  was 0 .7 5  p e r c e n t  (on  a  s o i l  

b a s i s )  o f  w h i c h  o n l y  ij.2 .5 3  p e r c e n t  was r e p o r t e d  t o  be 

a c t u a l  l i g n i n  ( s e e  T a b le  1 ) .

The e x c h a n g e  c a p a c i t y  o f  t h e  " l i g n i n "  u s e d  i n  t h i s  

s t u d y  was f o u n d  t o  b e  19 m i l l i e q u i v a l e n t s  p e r  100  grams 

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

o f  17»9 r e p o r t e d  b y  Waksman an d  I y e r  ( 6 8 ) .

(2)  pH m e a s u re m e n t

To 25 grams o f  a i r  d r y  s o i l  was ad d ed  100 ml o f  d i s 

t i l l e d  w a t e r .  A f t e r  s t i r r i n g  f o r  one m i n u t e  t h e  pH o f  t h e  

sam ple  was d e t e r m i n e d  w i t h  a Beckman pH m e t e r .  The r e s u l t s  

a r e  r e p o r t e d  i n  T a b l e  1 0 ,

D e s p i t e  t h e  lo w  pH o f  t h e  " l i g n i n "  m a t e r i a l  u s e d ,  

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

t h e  s o i l  s l i g h t l y  ( s e e  T a b le  1 0 ) .  A r i e s  (If.) a l s o  fo u n d  

t h i s  same t y p e  o f  i n c r e a s e .  The i n c r e a s e  i n  pH o f  t h e  s o i l  

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

t o  e i t h e r  one  o r  b o t h  o f  t h e  f o l l o w i n g  two f a c t o r s :  F i r s t ,



TABLE 10

pH OP SOILS TREATED WITH DIFFERENT RA.TES OF "LrGNIN"

Miami s a n d y  
loam

B r o o k s t o n  
c l a y  loam

" L i g n i n "

L 0 6 . 5 2 6 . 5 2 1 . 9 9

L 2 . 5 .6 »8l 6 . 8 9

L 5 . 0 6 . 8 8 6 .5 6

L 7 o5 6 .9 0 6 ,5 8
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t h e  i n c r e a s e d  a d s o r p t i v e  c a p a c i t y  o f  t h e  t r e a t e d  s o i l  w h ich  

may r e t a i n  more  b a s e s  t h a n  t h e  u n t r e a t e d  s o i l ,  and  s e c o n d ,  

t h e  p o s s i b l e  c h a n g e s  w h i c h  l i g n i n  u n d e r g o e s  on  d e c o m p o s i t i o n *  

B e r t r a m s o n  an d  W h i te  (1 3 )  p o i n t e d  o u t  t h a t  t h e r e  a r e  a t  

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

l i g n i n  w h ic h  e x p o s e  OH g r o u p s  o f  t h e  l i g n i n  m o l e c u l e .  These  

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

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

(3)  N i t r a t e  d e t e r m i n a t i o n s  w ere  made a c c o r d i n g  t o  t h e  

m e thod  s u g g e s t e d  b y  P r i n c e  ( 4 9 ) •

F i f t y  grams a i r  d r y  s o i l  w e re  p l a c e d  i n  a 500 ml 

f l a s k ,  t o  w h ich  was ad d e d  1 ,5  g rams o f  p u l v e r i z e d  q u i c k 

l i m e  (CaO) and  200 ml d i s t i l l e d  w a t e r .  Shaken  f o r  3 - 5  

m i n u t e s ,  a l l o w e d  t o  s t a n d  f o r  20 m i n u t e s  an d  f i l t e r e d .

F i f t y  ml o f  t h e  f i l t r a t e  was  p l a c e d  i n  a 100 ml b e a k e r  

and  e v a p o r a t e d  j u s t  t o  d r y n e s s  on warm p l a t e .  When c o o l ,  

t h e  r e s i d u e s  were  m o i s t e n e d  q u i c k l y  and  t h o r o u g h l y  w i t h  

two ml p h e n o l d i s u l f o n i c  a c i d .  The s i d e s  o f  d i s h  were  

ru b b e d  w i t h  a f l a t  s t i r r i n g  r o d  an d  a l l o w e d  t o  s t a n d  f o r  

10 m i n u t e s .

A f t e r  d i l u t e d  w i t h  20 ml w a t e r ,  e x c e s s  ammonium h y d r 

o x i d e  was a d d e d  u n t i l  y e l l o w  c o l o r  was f u l l y  d e v e l o p e d .

The s o l u t i o n  was made up t o  50 ml w i t h  w a t e r  and  t h e  

n i t r a t e  c o n t e n t  was d e t e r m i n e d  c o l o r i m e t r i c a l l y ,  u s i n g  a 

b l u e  f i l t e r .
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(i|.) P h o s p h a t e  d e t e r m i n a t i o n s  were  made a c c o r d i n g  t o  

m e th o d s  s u g g e s t e d  b y  B r a y  and  K u r t z  ( l 5 ) »

’’A c id  s o l u b l e  a n d  a d s o r b e d ” p h o s p h a te ?

S e v e n  ml o f  0«1 N H C 1 -0 .0 3  N NH^F s o l u t i o n  a n d  one 

gram o f  a i r  d r y  s o i l  was  p l a c e d  i n t o  a  f l a s k ,  s h a k e n  f o r  

one m i n u t e  a n d  f i l t e r e d .

To s i x  ml o f  t h e  f i l t r a t e  w e r e  ad d ed  f i v e  d r o p s  o f  

NH[j_Mo-HCl s o l u t i o n  and  f i v e  d r o p s  F -S  r e a g e n t .  The t r a n s 

m i s s i o n  was r e a d  on L u m e t r o n  c o l o r i m e t e r  i n  5 -6  m i n u t e s ,  

u s i n g  r e d  f i l t e r  (650  m u ) .

’’A d s o r b e d ” p h o s p h a t e :

Same a s  above e x c e p t  t h e  e x t r a c t i n g  r e a g e n t  was 

0 . 0 2 5  N HCI-O.O3 N NH^F.

(5)  Ca, Mg d e t e r m i n a t i o n s  were  made a c c o r d i n g  t o  m e thods  

s u g g e s t e d  by  Cheng an d  B ra y  ( 1 7 ) •

Ca:

F i v e  grams a i r  d r y  s o i l  w e re  s h a k e n  w i t h  10 ml 23 p e r 

c e n t  NaNO^ f o r  one  m i n u t e  an d  f i l t e r e d .  F i v e  ml o f  t h e  

f i l t r a t e  w e re  d i l u t e d  t o  50 ml w i t h  w a t e r ,  t o  w h ic h  were  

ad d ed  two ml 10 p e r c e n t  KOH s o l u t i o n  and  0 . 3  gram o f  i n d i 

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

0 . 4. p e r c e n t  v e r s e n a t e  s o l u t i o n  t o  en d  p o i n t .  The c o l o r  

was com pared  w i t h  s t a n d a r d s .  The s o l u t i o n s  w ere  s a v e d  f o r  

Mg d e t e r m i n a t i o n s .

Mg:

F i v e  ml KH^_C1-NH^0H b u f f e r ,  one ml 2 p e r c e n t  KCN
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s o l u t i o n  and  s i x  d r o p s  F-2l |2  i n d i c a t o r  were  a d d e d ,  The 

s o l u t i o n  was s t i r r e d  an d  t i t r a t e d  w i t h  O.ij. p e r c e n t  v e r s e n -  

a t e  s o l u t i o n  t o  end  p o i n t #

N ote  — one  ml o f  O.I4. p e r c e n t  v e r s e n a t e  s o l u t i o n  i s  

e q u i v a l e n t  t o  0#i^35 mgm Ca o r  0 .1 9 8  mgm Mg#

( 6 ) D e t e r m i n a t i o n  o f  e x c h a n g e a b l e  Na and K i n  s o i l  

To f i v e  g rams o f  s o i l  was added  0 . 5  gram ammonium 

o x a l a t e  c r y s t a l  and 50 ml o f  e x t r a c t i n g  s o l u t i o n  (2  N NH^Ac 

and  O.OI4. N ammonium o x a l a t e ) .  The s o l u t i o n  was s h a k e n ,  

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

r i n s e d  t h r e e  t i m e s  w i t h  t h e  e x t r a c t i n g  s o l u t i o n .  Made up 

t o  100  ml an d  t h e  c o n c e n t r a t i o n s  o f  Na and K w e re  d e t e r 

m in e d  w i t h  f l a m e  p h o t o p i e t e r .

The r e s u l t s  o f  c h e m i c a l  anaL y ses  a r e  shown i n  T a b l e  11# 

A l t h o u g h  A r i e s  (ij.) r e p o r t e d  an i n c r e a s e  i n  s o l u b l e  

P an d  Ca o f  s u l f i t e  l i g n i n - t r e a t e d  s o i l ,  i t  was  n o t  o b s e r v e d  

i n  t h i s  e x p e r i m e n t .  As c a n  be s e e n  f ro m  T a b le  11 ,  t h e  

r e s u l t s  o f  P, Ca, Mg, an d  Na d e t e r m i n a t i o n s  w ere  r a t h e r  

i n c o n s i s t e n t .  " L i g n i n "  d i d ,  h o w e v e r ,  c a u s e  an  i n c r e a s e  

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

a h i g h e r  t o t a l  c o n t e n t  o f  e x c h a n g e a b l e  Ca, Mg, Na and  K 

t h a n  d i d  t h e  u n t r e a t e d  s o i l .  I t  s h o u ld  a l s o  be  n o t e d  t h a t  

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

( F i g u r e  V ) .  T h i s  c h a n g e  c an  be  a t t r i b u t e d  t o  t h e  i n c r e a s e d



TABLE 11

TOTAL AND ADSORBED P (PPM), EXCHANGEABLE Ca, Mg, Na, K, AND'NO. (MGMS PER 100 
GRAMS OP SOIL) OP SOILS TREATED WITH DIFFERENT RATES OF^'LIGNIN"

Miami s an d y  loam B r o o k s t o n c l a y  loam ' 'L ign . in"
L 0 L 2 . 5 L 5 . 0 L 7 . 5 L 0 L 2 . 5 L 5»o L 7 . 5

T o t a l  P 7o09 7 . 0 5 5 . 5 2 5 ci^6 3 1 .5 3 3 0 .9 0 3O0I4.2 3 0 .6 6 1 . 2

Ad. P 3 .6 0 2 .9 9 3 .0 0 3 .1 2 I4.26 4 . 5 0 14.09 1 .2

Ca 3 9 .6 0 3 9 .2 0 3 6 ,6 0 3 7 .6 0 9 1 .2 0 9 7 . 8 0 9 9 . 0 0 8 7 . 8 0 2 5 . 8 0

Mg 3 . 0 2 ^-•72 1 .9 9 3 . 2 0 9 J 4I4 17 .76- 1 1 . 5 2 12.81]. 0

Na I4.80 14-.92 14-72 7 . 2 0 3.1^2 3 .3 8 3 . 9 k 14.142 7 . 0 0

K 3 .0 i | 2 . 9 2 3 .7 2 3 . 3 2 1 2 . 9 0 1-14-514- 114.56 1 6 .6 6 0 . 5 0

NO 3 3 .2 9 2 . 7 2 1 . 9 2 1 .7 6 I48.08 38.61]. 3 8 .5 6 2 6 .9 0 14.56
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m i c r o b i a l  a c t i v i t y  ( s e e  T a b l e  12)  w h i c h  im m o b i l iz e d ,  t h e  

s o i l  a v a i l a b l e  n i t r a t e .

(7)  B u f f e r  c u rv e

T w e n t y - f i v e  grams o f  a i r  d r y  s o i l  a n d  100 ml 0 . 1  N 

HC1 w e r e  p l a c e d  i n t o  a  2 $ 0  ml E r l e n m e y e r  f l a s k ,  s h a k e n ,  

a l l o w e d  t o  s t a n d  o v e r n i g h t  and f i l t e r e d .  I t  was l e a c h e d  

w i t h  a d d i t i o n a l  200 ml 0 . 1  N HC1 and  w ashed  w i t h  250 ml 

95 p e r c e n t  a l c o h o l  an d  t h e n  w i t h  300 ml o f  d i s t i l l e d  w a t e r ,  

a d d i n g  a  s m a l l  p o r t i o n  a t  a t i m e .  The s o i l  was t r a n s f e r r e d  

t o  250 ml b e a k e r  and  a l l o w e d  t o  a i r  d r y .  T w e n ty - f iv O  ml 

o f  w a t e r  w ere  ad d ed  and  t h e  s o i l  was t i t r a t e d  w i t h  0 . 1  N 

NaOH p o t e n t i o m e t r i c a l l y .  The ’’l i g n i n "  was w ash ed  o n l y  

w i t h  w a t e r .  A f t e r  a i r  d r y i n g ,  25 ml w a t e r  and  BaC l2 i n  

e x c e s s  w e r e  a d d e d  an d  t h e n  t i t r a t e d  w i t h  0 .1 0 6  N NaOH 

p o t e n t i o m e t r i c a l l y .  The r e s u l t s  a r e  shown i n  F i g u r e s  V I ,  

V I I ,  and  V I I I .

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

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

The g r e a t e s t  b u f f e r  a c t i o n  o f  " l i g n i n "  l i e s  b e t w e e n  pH 

6 , 5  an d  8 . 0  ( s e e  F i g u r e  V I I I ) .

A c o m p a r i s o n  b e t w e e n  t h e  pH o f  t h e  H - s a t u r a t e d " l i g n i n "  

and  t h a t  o f  o r i g i n a l  " l i g n i n "  r e v e a l s  t h a t  t h e r e  was an 

i n c r e a s e  o f  0 . 7 1  i n  t h e  pH v a l u e  o f  t h e  f o r m e r .  T h i s  

d i f f e r e n c e  l e a d s  one t o  s u s p e c t  t h a t  some change  h ad  t a k e n  

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

o f  t h e  c h a n g e  i s  unknown* .





Figure  VII .  Buffer  curves : of:: 
Brooks-;on> c lay  loam treated;  wi 
d i f f e r e n t  r a t e s  of "ligninw   :o_

w
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C. B i o l o g i c a l

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

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

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

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

Waksmanf s m e th o d  ( 6 2 ) ,  One h u n d r e d  grams o f  a i r  d*ry s o i l  

was p l a c e d  i n  a  125  ml E r l e n m e y e r  f l a s k .  S u f f i c i e n t  w a t e r  

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

i n g  t o  t h e  d a t a  r e c o r d e d  i n  T a b le  ip* The a p p a r a t u s  u s e d  i n  

t h i s  e x p e r i m e n t  i s  d iagram med i n  F i g u r e  X. A i r  was p a s s e d  

s u c c e s s i v e l y  t h r o u g h  a  s t r o n g  NaOH s o l u t i o n ,  o v e r  t h e  s o i l ,  

an d  t h r o u g h  a s t a n d a r d  KOH s o l u t i o n .  A i r  f lo w  was r e g u 

l a t e d  t o  a p p r o x i m a t e l y  20 b u b b l e s  p e r  m i n u t e  and  a l l o w e d  

t o  f lo w  f o r  a p e r i o d  o f  f i v e  m i n u t e s .  T h i s  p r o c e s s  was 

r e p e a t e d  a f t e r  a  p e r i o d  o f  two d a y s  and a g a i n  b e f o r e  

t i t r a t i o n  two d ay s  l a t e r .  The KOH s o l u t i o n  was t i t r a t e d  

w i t h  s t a n d a r d  HC1 an d  t h e  w e i g h t  o f  c a r b o n  d i o x i d e  e v o l v e d  

f rom  t h e  s o i l  c a l c u l a t e d .  The d a t a  o b t a i n e d  i n  t h i s  

e x p e r i m e n t  a r e  shown i n  T a b le  12•

The r e s u l t s  o f  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  t h e  a d d 

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

a c t i v i t y .  The i n c r e a s e  i n  c a r b o n  d i o x i d e ,  a s  i l l u s t r a t e d  

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

m a t e r i a l  was t a k i n g  p l a c e .  As shown by t h e  d a t a  r e p o r t e d  

i n  T a b le  1 ,  t h e  " l i g n i n ” m a t e r i a l  u s e d  i n  t h i s  s t u d y  c o n 

t a i n s  5 6 . 3  p e r c e n t  c e l l u l o s e  and  1+2• 53 p e r c e n t  l i g n i n .  T h is



ion of carbon dioxide 
. without " l igevolution s o i l treatm entand

S o



TABLE 12

CARBON DIOXIDE PRODUCTION OF SOILS TREATED WITH 
DIFFERENT RATES -OF "LIGNIN”

____________ M i l l i g r a m s  p e r  100 grams s o i l ___________
Miami s a n d y  B r o o k s t o n  " L i g n i n "

loam  c l a y  loam

0 6 .7 0 6 8 1 2 . 0 7 5 l 8 .l4.OO

2 . 5 7 .2 8 1 8 1 3 .1 1 0

5 . o 7 . ^ 5 7 0 1 5 .6 9 9

7 . 5 8 .2 8 0 0 1 6 .1 6 0



. ' 37

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

o r  t h e  c e l l u l o s e  was  b e i n g  a t t a c k e d  by t h e  s o i l  m i c r o r g a n -  

.ismso Many w o r k e r s  hav e  shown t h a t  i s o l a t e d  l i g n i n  was 

q u i t e  r e s i s t a n t  t o  m i c r o b i a l  a t t a c k .  O t h e r s  ( 6 3 ) i n d i c a t e d  

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

b u t  c o u l d  be  g r a d u a l l y  o x i d i z e d  by c e r t a i n  f u n g i .  The 

l a t t e r ,  h o w e v e r ,  t a k e s  a  r e l a t i v e l y  l o n g  t i m e  w h e r e a s  t h e  

" l i g n i n "  an d  s o i l  i n  t h i s  e x p e r i m e n t  were i n c u b a t e d  o n l y  

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

i n  t h i s  e x p e r i m e n t  was n o t  l o n g  enough t o  b r i n g  a b o u t  any  

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

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

d i o x i d e  p r o d u c t i o n  w h ich  r e s u l t e d  from t h e  a p p l i e d  " l i g n i n "  

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

t h e  " l i g n i n "  m a t e r i a l *



IV . GREENHOUSE STUDIES

P r o c e d u r e :

Two s p l i t  p l o t  e x p e r i m e n t s  w ere  d e s i g n e d  t o  s t u d y  t h e  

e f f e c t  o f  '’l i g n i n 1’ u s e d  a s  a  m u lch  and m ix e d  w i t h  s o i l  on

t h e  y i e l d  o f  t o m a t o e s  ( S t o k e s d a l e )  and  s p r i n g  w h e a t  ( H e n r y ) ,

w i t h  a n d  w i t h o u t  f e r t i l i z e r  and  l i m e  on Miami s a n d y  loam  

s o i l .  The p l a n t s  w e re  grown i n  t w o - g a l l o n  j a r s  and  e a c h  

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

u s e d  i n  t h e s e  e x p e r i m e n t s  a r e  o u t l i n e d  b e lo w :

1 .  ’’L i g n i n

R a t e  o f  a p p l i c a t i o n  0 t o n s  p e r  a c r e  L 0
2*5 t o n s  p e r  a c r e  L 2*5
5 . 0  t o n s  p e r  a c r e  L 5 . 0
7 . 5  t o n s  p e r  a c r e  L 7 . 5

2 .  F e r t i l i z e r

I4. - I 6 -8  f o r  t o m a t o e s ;  3 - 1 2 -1 2  f o r  s p r i n g  w h e a t

R a t e  o f  a p p l i c a t i o n  0 l b s / a c r e  F 0
• 1000 l b s / a c r e  F 1

3 .  Lime

R a te  o f  a p p l i c a t i o n  0 l b s / a c r e
1000 l b s / a c r e

" L i g n i n ' ' ,  f e r t i l i z e r  and  l i m e  w e re  m ix ed  w i t h  t h e  s o i l  

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

o f  s p r i n g  w h e a t .  " L i g n i n "  was a p p l i e d  as  a m u lch  when t h e  

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

i n  c a s e  o f  w h e a t .  W a t e r i n g  was done w i t h  d i s t i l l e d  w a te r , .
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Ao E x p e r i m e n t  with .  Tom atoes  on  Miami Sandy Loam

The e f f e c t  o f  '’l i g n i n "  on to m a to  y i e l d s  i s  shown i n  

T a b l e  1 3 .

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

o f  t o m a t o e s  i n  " l i g n i n " - t r e a t e d  s o i l s  e x c e e d e d  s i g n i f i c a n t l y  

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

t o  t h e  " l i g n i n "  t r e a t m e n t  up  t o  t h e  f i v e  t o n  r a t e ,  The 

r e l a t i o n s h i p  d i d  n o t  h o l d  f o r  t h e  7 e5  t o n  " l i g n i n "  a p p l i 

c a t i o n .  T h i s  c o i n c i d e s  w i t h  t h e  r e s u l t s  r e p o r t e d  by A r i e s  

( I).) and  U. S .  F o r e s t  P r o d u c t  L a b o r a t o r y  ( 2 6 ) .

A b r e a k d o w n  o f  T a b l e  13 g i v e s  i n t e r e s t i n g  r e s u l t s  

w h ic h  a r e  t a b u l a t e d  i n  T a b le  lip.

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

an d  l i m i n g  i n c r e a s e d  t h e  e f f e c t i v e n e s s  o f  " l i g n i n " ,  Note  

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

a p p l i c a t i o n  w h e re  no f e r t i l i z e r  and  l i m e  w e re  u s e d .  T h i s  

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

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

B. E x p e r i m e n t  w i t h  W heat  on Miami Sandy  Loam

Tw enty  w h e a t  s e e d s  w e re  sown i n  e a c h  p o t .  A f t e r  t h e  

s e e d l i n g s  r e a c h e d  1 - 1 . 5  i n c h e s  h i g h ,  t h e y  w ere  t h i n n e d  down 

t o  s i x  p l a n t s  p e r  p o t .  A f t e r  t h e  p l a n t s  w ere  m a t u r e ,  t h e  

h e a d s  w e re  h a r v e s t e d ,  t h r e s h e d  an d  t h e  w e i g h t  o f  g r a i n s  

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

d i f f e r e n t  r a t e s  o f  " l i g n i n "  a p p l i c a t i o n  i s  shown i n  T a b le  l5 o
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TABLE 13

EFFECT OF "LIGNIN" ON THE YIELD OF TOMATO PLANTS 
GROWN ON A MIAMI SANDY LOAM SOIL

Grams p e r  p o t  A verage
F e r t i l i z e d  Not  f e r t i l i z e d

Lime No l i m e  Lime No l im e

L 0 1 6 2 .2 1 2 3 .6 1 4 1 . 4 1 0 3 . 1 1 3 2 . 6*
L 2 . 5 m u lc h e d

m ixed
l 8 0 .0
1 6 5 . 5

11+8.7
1 7 9 . 5

1 7 4 . 7
1 7 6 . 5

2 0 1 .2
1 6 4 .7

1 7 3 .8

L 5« o m u lc h e d
m ixed

2 1 4 .5
1 9 3 . 5

2 1 8 .7
1 6 3 .7

2 2 1 . 5
1 5 5 . 2

1 9 5 . 2
1 7 6 .0

1 9 2 .3

L 7 . 5 m u lc h e d
m ix e d

2 2 8 .8
1 6 1 .7

1 9 9 .7
1 7 0 . 0

2 1 8 .5
8 4 . 5

20/+.5
7 6 .0

1 6 7 .9

i_< • o  • u . 5% -  6 . 39 :  1%  - 8.1+6

TABLE 11+

EFFECT OF MULCHING, FERTILIZER AND LIMING ON THE USE
OF "LIGNIN" —  MIAMI SANDY LOAM SOIL

Y i e l d o f  t o m a to i n  grams p e r  p o t
M ulched Mixed F e r t i l i z e d Not

f e r t i l i z e d
Lime- No

l im e

L 0 1 3 2 . 6 1 4 2 .9 0 1 2 2 . 3 0 1 5 1 . 85 1 1 3 .4 0

L 2 . 5 1 7 6 . 1 5 1 7 1 . 5 5 1 6 8 . 1+0 1 7 9 . 3 0 1 7 4 .2 0 1 7 3 .5 0

L 5*0 2 1 2 .4 8 1 7 2 .1 0 1 9 7 .6 0 1 8 7 .2 0 1 9 6 ,0 5 1 8 8 , 1+0

L 7 . 5 2 1 2 .9 8 1 3 3 .0 5 1 9 0 .0 5 1 4 5 . 9 0 1 7 3 .4 0 1 6 2 ,5 5

A v e . 2 0 0 .5 3 1 5 2 .3 2 1 7 4 . 7 4 1 5 8 . 7 0 1 7 3 .8 8 1 5 9 .4 8

L « S • D.
5^

-
4 . 3 4
5 . 7 5

4e40
5 . 8 3

4 . 3 1
5 . 7 5
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TABLE 15

EFFECT OF "LIGNIN” ON THE YIELD OF SPRING WHEAT 
GROWN ON MIAMI SANDY LOAM SOIL

Grams p e r s i x  p l a n t s A v e ra g e
F e r t i l i z e d Not f e r t i l i z e d

Lime No l i m e Lime No l i m e

L 0 2 . 1 3 2 .3 8 1 . 7 0 1 . 5 1 1 . 9 3 *

L 2 . 5 m u lc h e d 3*4-5 2 . 7 5 1 .9 6 1 . 5 1 2 . 5 5

m ix e d 3*20 2 . 9 1 2 . 2 9 2 . 3 8

L 5eO m u lc h e d 3 . 1 6 3 . 2 9 2 . 7 7 2 . 3 3 2 . 8 9

m ix e d 2 . 6 9 3 . 3 4 2 .4 7 2 . 6 6

L 7 . 5 m u lc h e d 2 . 4 7 3 . 3 9 1 . 8 5 2 . 3 6 2 . 3 3

m ix e d 2 .0 8 3 .2 7 1 . 7 3 1 . 5 1

'L. S .D . 5%  -  0 .1 0 5 -  0 . 1 3 5



A g a in ,  t h e  a v e r a g e  y i e l d  o f  w h e a t  g row n on " l i g n i n " -  

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

s o i l .  The i n c r e a s e s  show a s i m i l a r  t r e n d  t o  t h a t  o b t a i n e d

w i t h  tomato-es  ( T a b l e  1 3 ) .  M u lc h i n g  a n d  l i m i n g ,  h o w e v e r ,  

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

w h ic h  r e s u l t e d  f ro m  ’’l i g n i n "  a p p l i c a t i o n .  T h i s  i s  shown 

i n  T a b l e  1 6 .

From t h e s e  two e x p e r i m e n t s ,  i t  seems t h a t  t h e  

optimum r a t e  o f  " l i g n i n "  a p p l i c a t i o n  was  f i v e  t o n s  p e r  a c r e .

C o m p a r i so n  o f  t h e  E f f e c t  o f  " L i g n i n "  w i t h  Ground 
C o rn co b s  and  S a w d u s t  U sed  a s  M u lc h e s  an d  a s  M i x t u r e

A n o t h e r  two e x p e r i m e n t s  w ere  d e s i g n e d  t o  com pare  t h e  

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

a r e  o f t e n  u s e d  as  m u l c h i n g  m a t e r i a l  and  m ix e d  w i t h  s o i l .  

T h ese  two e x p e r i m e n t s  w ere  c a r r i e d  o u t  w i t h  B r o o k s t o n  c l a y  

lo am  s o i l  u n d e r  g r e e n h o u s e  c o n d i t i o n s .  The t r e a t m e n t s  

i n v o l v e d  w e r e  a s  f o l l o w s :

w i t h  B r o o k s t o n  C la y  Loam on t h e  Y i e l d  o f  
T o m ato es  an d  S p r i n g  Wheat

R a t e  o f  a p p l i c a t i o n

1 .  M a t e r i a l

Check
" L i g n i n "
Ground  c o r n c o b s  
S aw d u s t

1 »T. -T 3 t o n s  p e r  a c r e  
5 t o n s  p e r  a c r e  
5 t o n s  p e r  a c r e

2 .  F e r t i l i z e r s

0 - 1 2 -1 2
6 - 12-12

1 2 - 1 2 -1 2
18- 12-12

1000 l b s .  p e r  a c r e  Nq 
1000 l b s .  p e r  a c r e  
1000 l b s .  p e r  a c r e  N2 
1000 l b s .  p e r  a c r e



TABLE 16

EFFECT OF MULCHING, FERTILIZER, AND LIMING ON THE USE 
OF nLIGNIN” —  MIAMI SANDY LOAM SOIL

Y i e l d  o f s p r i n g  w h e a t  - grams p e r s i x  p l a n t s
M ulched M ixed F e r t i l i z e d Not

f e r t i l i z e d
Lime No

l i m e

L 0 1 . 9 4 2 .2 8 1 . 6 0 1.9i|- 1 . 9 4

L 2 , 5 2 .ip. 2 . 7 9 3 .1 8 2 . 0 2 2 . 8 3 2 .3 8

L 5 . 0 2 . 8 9 2 . 7 9 3 . 1 2 2 , 5 6 2 .7 7 2 . 9 1

L 7 . 5 2 . 5 0 2 . 1 5 2 .8 1 1 . 8 6 2 . 0 9 2 . 6 5

Ave. 2 . 4 5 2 o k l 2 . 8 5 2 . 0 1 2.142 2 . 4 7

L . S .D .
% 0 . 0 7 9 0 . 08l 0 . 0 7 9
1% OolO< 0 .1 0 8 0 . 1 0 5



k k

C. E x p e r i m e n t  w i t h  Tom atoes  on  B r o o k s t o n  C la y  Loam

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

w i t h o u t  n i t r o g e n  on  t h e  y i e l d  o f  t o m a t o e s  i s  shown i n  T a b l e  

1 7 .

The r e s u l t s  o f  t h i s  e x p e r i m e n t  ( T a b l e  17)  i n d i c a t e  

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

d e c r e a s e s  t h e  t o m a t o  y i e l d .  A l l i s o n  (1 )  a t t r i b u t e d  t h e  

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

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

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

a b l e  n i t r o g e n .

The a v e r a g e  y i e l d s  o f  t o m a t o e s  on s o i l s  t r e a t e d  w i t h  

c o r n c o b s  and  '’l i g n i n ” w ere  n o t  s i g n i f i c a n t l y  l a r g e r  t h a n  

t h e y  w e r e  on  t h e  c o n t r o l  s o i l s .  I t  s h o u l d  be  n o t e d , " how

e v e r ,  when n i t r o g e n  was s u p p l i e d  a t  a  r a t e  o f  180 p o u n d s  

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

s i g n i f i c a n t l y  i n c r e a s e d  o v e r  t h o s e  o b t a i n e d  w h e re  " l i g n i n ” 

was n o t  a p p l i e d  b u t  w h e re  n i t r o g e n  was a p p l i e d , ,

D« E x p e r i m e n t  w i t h  S p r i n g  Wheat on B r o o k s t o n  C la y  Loam

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

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

o f  t h r e e  r e p l i c a t i o n s  a r e  shown i n  T a b le  18•

The r e s i x l t s  o f  t h e  e x p e r i m e n t  i n d i c a t e  ( T a b l e  18)  t h a t  

a p p l i c a t i o n  o f  " l i g n i n ” , g r o u n d  c o r n c o b s ,  a n d  s a w d u s t  

s i g n i f i c a n t l y  i n c r e a s e d  t h e  y i e l d  o f  s p r i n g  w h e a t .  A
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TABLE 17

COMPARISON OP THE EFFECT OF "LIGNIN'' ,  SAWDUST, AND 
GROUND CORNCOBS ON THE YIELD OF TOMATO PLANTS

GROWN ON BROOKSTON CLAY LOAM: s o i l

Grams p e r  p o t
Check C o rn c o b s Saw dus t " L i g n i n "

No m u lc h e  d 126 II4I 113 111+
m ix e d 90 80 113

N1 m u lc h e d 170 2i+0 191 161

m ix e d 11+9 l i +0 181+

n 2 m u lc h e d 261 267 21+1 222

m ix e d 228 187 2 3 k
n 3 m u lc h e d 278 281 179 329

m ix ed 293 263 316

A v e ra g e 2 0 6 .1 2 0 7 . 3 1 7 0 .1 209*1

L . S . D .  %  -  1 5 . 8 3 ; 1%  -  2 0 . 96

TABLE 18

COMPARISON OF THE EFFECT OF "LIGNIN", SAWDUST, AND GROUND 
CORNCOBS ON THE YIELD OF SPRING WHEAT GROWN ON 

BROOKSTON CLAY LOAM SOIL

Grams p e r s i x  p l a n t s
Check C o rn co b s S aw d u s t  " L i g n i n "

Nq m u lc h e d 3.21+ 1+.23 3 .3 7 1+.18
m ix e d 2 . 9 3 3 . 1 6 2 .9 8

N  ̂ m u lc h e d 3 . 3 2 5 .1 9 If. 63 !+• 69
m ix e d 3.71+ 3 . 7 6 l+o 61+

N2 m u lc h e d 3.71+ 3 .8 1 3 . 9 9 4*52
m ix e d 1+.02 3*1+7 1+.1+7

A v e ra g e 3.1+3 3 . 9 9 3 . 7 3 1+.25
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c o m p a r i s o n  o f  t h e  r e s u l t s  f ro m  t h e s e  t h r e e  m a t e r i a l s  show 

t h a t  a v e r a g e  y i e l d  o f  w h e a t  was h i g h e s t  on  " l i g n i n ,,- t r e a t e d  

s o i l ,  i n t e r m e d i a t e  on  c o r n c o b - t r e a t e d  s o i l  and l e a s t  on t h e  

s a w d u s t - t r e a t e d  s o i l .

M u lc h in g  i n  t h i s  e x p e r i m e n t  r e s u l t e d  i n  y i e l d s  d e f i n 

itely?- h i g h e r  t h a n  w ere  o b t a i n e d  w h e re  t h e  m a t e r i a l s  were  

m ix ed  w i t h  s o i l  a t  a low n i t r o g e n  l e v e l .  At  t h e  h i g h e s t  

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

i n g  was  l e s s  marl® d .



V. FIELD STUDIES

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

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

l o c a t e d  on M e te a  lo am y  s a n d  s o i l  on t h e  M i c h i g a n  S t a t e  

C o l l e g e  Farm a t  E a s t  L a n s i n g ,  M i c h i g a n ,  S oy b ean s  w ere  

p l a n t e d  on  J u n e  9, 1 9 5 2 ,  i n  28 i n c h  rows lL). f e e t  l o n g .

T h e re  w e r e  f o u r  rows i n  e a c h  p l o t .  On J u n e  25» 0 - 2 0 - 2 0  

a t  t h e  r a t e  o f  1000  p o u n d s  p e r  a c r e  w as  s i d e d r e s s e d  and  

enough  ammonium n i t r a t e  t o  make f o u r  l e v e l s  o f  n i t r o g e n  

was a p p l i e d  by  b r o a d c a s t i n g .  The n i t r o g e n  a p p l i e d  was 

enough  t o  r a i s e  t h e  0 - 2 0 - 2 0  g r a d e  t o  g r a d e s  c o n t a i n i n g  0 ,

6 , 12 ,  18 p e r c e n t  n i t r o g e n ,  r e s p e c t i v e l y .  Ground c o r n 

c o b s ,  w h ea t  s t r a w  a n d  s a w d u s t  w e re  a p p l i e d  as  m u lc h e s  a t  

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

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

The b e a n s  o f  t h e  c e n t r a l  two rows w e r e  h a r v e s t e d  on O c t o b e r  

7« The a v e r a g e  y i e l d s  o f  s h e l l e d  b e a n s  a r e  shown i n  

T a b l e  1 9 ,

The r e s u l t s  o f  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  t h e  u s e  

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

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

a t  a r a t e  o f  60 pou n d s  p e r  a c r e ,  t h e  d e p r e s s i v e  e f f e c t  

was m i n i m i z e d .  A s l i g h t  i n c r e a s e  i n  y i e l d  b y  m u l c h i n g  

w i t h  t h e  e x c e p t i o n  o f  w h e a t  s t r a w  was  o b t a i n e d  when 120
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TABLE 19

EFFECT OF VARIOUS MULCHING MATERIALS ON THE YIELD OF 
SOYBEANS GROWN ON METEA LOAMY SAND SOIL

Grams p e r two rows
Check C o rn c o b s Wheat

s t r a w
S aw d u s t A v e ra g e

No 1007 794 8 1 6 817 858

Nl 1085 1085 1072 1079 1080

N2 1167 1280 1245 1188 1220

N3 1313 1329 1 2 9 4 1345 1320

Ave , 1143 1122 1107 1107
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and  180 p o u n d s  o f  n i t r o g e n  p e r  a c r e  was a p p l i e d ,

O t h e r s  ( Ip8 , 60)  h a v e  o b s e r v e d  s i m i l a r  d e p r e s s i n g  

r e s u l t s  i n  y i e l d  when no n i t r o g e n  was a d d e d .  The f a c t o r s  

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

n i t r o g e n  l e v e l s  c a n  b e  su m m ar ized  a s  f o l l o w s :

1 . r e d u c t i o n  o f  n i t r a t e  p r o d u c t i o n  ( 5 8 > 3 9 )

2 . r e t a r d e d  a c c u m u l a t i o n  o f  n i t r a t e  i n  s o i l  ( 11+, 2 7 ,

2 9 ,  W

3 . d e c r e a s e  i n  t o t a l  e x c h a n g e a b l e  b a s e s  ( 5 9 )

I4.. i n c r e a s e d  b i o l o g i c a l  a c t i v i t y  i m m o b i l i z e s  t h e  a v a i l 

a b l e  n i t r o g e n  i n  s o i l  ( 2 1 , ij.0 )

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

( 1 ,  56)

60 i n c r e a s e  i n  s o i l  a c i d i t y  (1 )

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

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

m u lc h  ( 7 , 8 , 7 3 > 7 4̂-) an d  im p ro v e m e n t  i n  p h y s i c a l  p r o p e r t i e s  

o f  s o i l .

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

t h a t  when no n i t r o g e n  was a d d e d  t h e  d e t r i m e n t a l  e f f e c t s  

o f  m u l c h i n g  m a sk e d  t h e  b e n e f i c i a l  e f f e c t s .  When s u f f i c i e n t  

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

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

was o b t a i n e d  i f  180  p o u n d s  o f  n i t r o g e n  p e r  a c r e  was a d d e d .



V I. SUMMARY

S u r f a c e  s o i l  f ro m  Miami s a n d y  loam  an d  B r o o k s t o n  c l a y  

lo am ,  w e l l  m ix e d  w i t h  " l i g n i n "  a t  0 ,  2 . 5 ,  5*0 ,  and  7*5 

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

a t  m o i s t u r e  e q u i v a l e n t  f o r  f i v e  weeks w e r e  b r o u g h t  t o  

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

and b i o l o g i c a l  p r o p e r t i e s .

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

g a t e s  g r e a t e r  t h a n  0 o25 m i l l i m e t e r ,  p e r c e n t  m o i s t u r e  a t  

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

l i m i t s ,  s t i c k y  p o i n t  and  amount o f  a v a i l a b l e  w a t e r .  I t  

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

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

M ix in g  " l i g n i n "  w i t h  s o i l  i n c r e a s e d  s l i g h t l y  t h e  b a s e  

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

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

c a l c i u m ,  m agnes ium  and sod ium  were  n o t  a f f e c t e d .

I n  g r e e n h o u s e  e x p e r i m e n t ,  Miami s a n d y  loam  s u r f a c e  

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

on " l i g n i n " - t r e a t e d  s o i l s .  The a v e r a g e  y i e l d  was h i g h e s t  

on s o i l  w h ich  r e c e i v e d  f i v e  t o n s  p e r  a c r e  o f  " l i g n i n " .  

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

t h e  e f f e c t i v e n e s s  o f  " l i g n i n "  on t h e  y i e l d  I n c r e a s e  o f  

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

t h a t  o f  s p r i n g  w h e a t s



5o A c o m p a r i s o n  b e t w e e n  t h e  e f f e c t  o f  g r o u n d  c o r n c o b s ,  

s a w d u s t  and  " l i g n i n "  ( a t  f i v e  t o n s  p e r  a c r e )  u s e d  a s  

m u lch  and  m ix e d  w i t h  s o i l  on  t h e  y i e l d  o f  t o m a t o  and 

s p r i n g  w h e a t  was s t u d i e d  on  B r o o k s t o n  c l a y  loam  s u r f a c e  

s o i l  i n  t h e  g r e e n h o u s e .  The r e s u l t s  showed t h a t  ’’l i g n i n "  

was p r e f e r a b l e  t ^  c o r n c o b s  an d  s a w d u s t  when m ix e d  w i t h  

s o i l .  When u s e d  a s  m u l c h e s ,  " l i g n i n "  an d  c o r n c o b s  were  

p r e f e r a b l e  t o  s a w d u s t .

6 0 M ix in g  t h e s e  m a t e r i a l s  w i t h  s o i l s  r e s u l t e d  i n  d e c r e a s e d  

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

The d e p r e s s i v e  e f f e c t  g r a d u a l l y  d i s a p p e a r e d  as  t h e  r a t e  

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

7 .  The e f f e c t  o f  s a w d u s t ,  w h e a t  s t r a w  and  g r o u n d  c o rn c o b  

m u l c h e s  on t h e  y i e l d  o f  s o y b e a n s  w as  s t u d i e d  on. t h e  

M e te a  loam y s a n d  s o i l  a t  t h e  M i c h i g a n  S t a t e  C o l l e g e  

Farm,  E a s t  L a n s i n g ,  M i c h i g a n .  The r e s u l t s  i n d i c a t e d  

t h a t  when no n i t r o g e n  was a p p l i e d  t h e y  a l l  d e c r e a s e d  

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

i n  t h e  f o l l o w i n g  o r d e r :  w h e a t  s t r a w  = s a w d u s t  >  g ro u n d  

c o r n c o b s .  The d e p r e s s i v e  e f f e c t  was m i n i m i z e d  when 

n i t r o g e n  was a p p l i e d  a t  a r a t e  o f  60 p o u n d s  p e r  a c r e .  

Where 1 2 0 ,  an d  l 8 0  p o u n d s  o f  n i t r o g e n  p e r  a c r e  w e re  

a d d e d ,  an  i n c r e a s e  i n  s o y b e a n  y i e l d  was o b t a i n e d .

1



vri. CONCLUSIONS

’’L i g n i n ” p r o d u c e d  f ro m  s a c c h a r i f i c a t i o n  o f  c o r n c o b s  

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

t h e  s u r f a c e  s o i l s  f ro m  Miami s an d y  loam  and  B r o o k s t o n  

c l a y  l o a m .

The i n c o r p o r a t i o n  o f  ’’l i g n i n "  d e p l e t e s  a v a i l a b l e  s o i l  

n i t r o g e n  b u t  t o  a l e s s e r  e x t e n t  t h a n  was t h e  c a s e  w i t h  

g r o u n d  c o r n c o b s  an d  s a w d u s t .

On t h e  a v e r a g e ,  " l i g n i n "  a p p l i e d  a t  a  r a t e  o f  f i v e  t o n s  

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

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

Where " l i g n i n "  i s  a v a i l a b l e  and  c a n  b e  p r o c u r e d  a t  

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

c o r n c o b s  and s a w d u s t  when a p p l i e d  a t  f i v e  t o n s  p e r  a c r e .
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