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abstract

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

s t e e r  manure  a f t e r  two y e a r s  o f  f a l l o w i n g  o r  d o u b l e - c r o p p i n g .  The s t e e r  

manure  l o a d i n g  r a t e s  w e re  0 , 4 4 , 8 ,  1 3 4 , 4 ,  1 7 8 , 2 ,  2 2 4 , 0  and 4 4 8 ,0  m e t r i c  

t o n s  p e r  h e c t a r e  ( d r y  w e i g h t ) .  The f a l l o w e d  s e c t i o n  was u n c u l t i v a t e d  

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

s m a l l - g r a i n  c r o p s  p r o d u c e d  u n d e r  s t a n d a r d ,  c o m m e r c i a l - p r o d u c t i o n  /p ra c ­

t i c e s  u s e d  i n  t h e  i r r i g a t e d  d e s e r t .  S o u t h w e s t , '  One h u n d r e d  pounds HN4 NO3  

was a p p l i e d  b r o a d c a s t  t o  a l 1 f a l l o w e d  and Cropped  p l o t s  b e f o r e  s e e d i n g  . 

t h e  S u d a n g r a s s  i n d i c a t o r  c r o p .  The g r a s s  was sampled  t w i c e , ’ j u s t  p r i o r  

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

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

p h o s p h o r u s  u p t a k e  p l a n t  p a r a m e t e r s ,  and  two s o i l  p a r a m e t e r s , ,  t o t a l  o r ­

g a n i c  c a r b o n  and C O ^ - s o l u b l e  p h o s p h o r u s .

The s o i l  f e r t i l i t y  a n a l y s i s  r e v e a l e d  t h a t  any  manure  l o a d i n g  . . 

r a t e  may pose  a p o t e n t i a l  s a l i n i t y  h a z a r d .  Manure l o a d i n g  r a t e s  up t o  

a b o u t  180 m t / h a  a p p e a r e d  t o  i n c r e a s e  s o i l  f e r t i l i t y  b e n e f i t  o r  w h i l e  .. 

manure  l o a d i n g  r a t e s  o f  a t  l e a s t  180 m t / h a  a p p e a r e d  t o  m a i n t a i n  s o i l  

f e r t i l i t y ,  s t a t u s  n e a r  o r  above  n a t i v e  f e r t i l i t y  l e v e l s  a f t e r  two y e a r s  

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

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

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

t o  be t h e  p r i n c i p l e  y i e l d ^ l i m i t i n g  f a c t o r ,

v i i i



CHAPTER 1

. INTRODUCTION

Rapid  human and fo o d  a n im a l  p o p u l a t i o n  g ro w th  i n c r e a s e s  t h e  

demands upon a f i n i t e  amount  o f  s p a c e .  One o f  t h e  m a j o r  p rob lem s  a s s o ­

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

l a t i o n ,  L i v e s t o c k  and  p o u l t r y  rrianure. p r o d u c t i o n  and accumuTat  io n  h a s  

r e a c h e d  m a g n i t u d e s  t h a t  r e q u i r e  management  and d i s p o s a l  s o l u t i o n s  t o  

m in i m i z e  t h e  e n v i r o n m e n t a l  p o l l u t i o n  p o t e n t i a l , L o e h r  (1 9 6 8 )  e s t i m a t e s  

A m er ican  f  arms p ro d u c e  a p p ro x im a te ly . ;  two b i l l i o n  t o n s  o f  manure a n n u a l l y .  

An e s t i m a t e  o f  t h e  s c o p e  o f  t h e  p ro b le m  f a c i n g  t h e  A r i z o n a  b e e f - c a t t l e  

i n d u s t r y  i s  as  much as t e n  m i l l i o n  t o n s  o f  s t e e r  manure  p ro d u c e d  p e r  

y e a r .  S i m i l a r  e s t i m a t e s  o f  manure  p r o d u c t i o n  by  l i v e s t o c k  o r  p o u l t r y  

o p e r a t i o n s  may u t i l i z e  l i v e s t o c k  c e n s u s  i n f o r m a t i o n  f rom  t h e  U . S .  C e nsus  

B ureau  i n  c o n j u n c t i o n  w i t h ;p e r  c a p i t a  d a i l y  m anu re  p r o d u c t i o n  d a t a  s uc h ,  

a s  t h a t  i n  T a b l e  1 ( T a i g a n e d e s  1 9 6 4 ) ,

Even th o u g h  some manure  i s  d i s t r i b u t e d  o v e r  p a s t u r e  and r a n g e  . .

n a t u r a l l y ,  t h e  enorm ous  b u l k  o f  manure  h a s  a c c u m u l a t e d  and s t o c k p i l e d  

a t  t h e  p r o d u c t i o n  s i t e .  P r o x i m i t y  o f  l i v e s t o c k  and p o u l t r y  i n d u s t r i e s  

t o  human p o p u l a t i o n s ,  c u l t u r a l  p r a c t i c e s  and economic  f a c t o r s  have  r e ­

s u l t e d  i n  t h e  r e d i s t r i b u t i o n  f rom s m a l l , 1 o w - d e n s i t y - p o p u l a t i o n  o p e r a ­

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

b e e f - c a t t l e  f e e d l o t s  h a v e  up t o  f i v e  h u n d r e d  t h o u s a n d  ( 5 0 0 , 0 0 0 )  head  

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

i



T a b l e  .1» Some l i v e s t o c k  and p o u l t r y  manure  p r o d u c t i o n  and a n a l y s e s

Pounds A n a l y s i s  i n P e r c e n t
Animal ■ p e r  Day N i t ro g e n .  (N) . .P h o s p h a te (P.) P o t a s h  (K)

D a i r y  Cows 7 0 . 0 5 . 6  , 0 . 4 4 4 . 2

Bee f  C a t t l e 6 4 . 0 3 . 7 0 . 4 8 2 .5  ,

Hogs ■ 7 . 0 - 4 .5 1 .1 9 'V 3 .5

Hens (1000 ) 2 5 0 . 0 5 . 6 1 .8 9 1 .7

1
T a i g a n e d e s  1964
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b e e n  c o n c e n t r a t e d  a t  f e w e r  s i t e s ,  a c c e l e r a t i n g  a c c u m u l a t i o n  r a t e s , Rap id  

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

p o l l u t i o n  p o t e n t i a l .

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

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

t i a l ,  n i t r o g e n  and p h o s pho rus  c o n t a i n i n g  compounds,  s a l t s ,  t r a c e  e l e -  . 

m en ts  and h e a v y  m e t a l s .  The b i o l o g i c a l  component  i n c l u d e s  o r g a n i c  

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

o b n o x i o u s  o d o r s » The amount o f  t h e s e  c o n s t i t u e n t s  i s  d e p e n d e n t  upon t h e  

a n im a l  r a t i o n ,  method  o f  h o u s i n g  a n d :method  o f  c o l l e c t i o n  ( F u l l e r  1 9 7 6 ) .

T h e .m anne r  i n . w h i c h  t h e  m a n u r e - i s  h a n d l e d ,  s t o r e d  and u t i l i z e d  

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

( M cC al la  e t  a l .  1972)» The e r o s i o n a l  r u n o f f  p r o b le m  a s s o c i a t e d  w i t h  

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

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

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

n a t u r a l  d r a i n a g e  s y s t e m s » The r u n o f f  p r o b le m  i s  n o t  s t r i c t l y  a humid 

c l i m a t e  phenomenon, b u t  may^ o c c u r  i n  a r i d  c l i m a t e s  a s  w e l l .

When n i t r o g e n  and p h o s p h o r u s  become c o n c e n t r a t e d  i n  s t a n d i n g  

o r  s lo w -m ov ing  s u r f a c e  w a t e r s ,  e x c e s s i v e  growth ,  o f  a q u a t i c  p l a n t s  o f t e n  

r e s u l t s ,  w h ic h  may c l o g  w a t e r w a y s ,  l i m i t  t h e  oxygen s u p p l y ,  r e s t r i c t  

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

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

M ine r  and W i l l r i c h  ( 1 9 7 0 )  s t u d i e d  oxyg e n -d e m an d in g  o r g a n i c  m a t t e r  d e ­

c o m p o s i t i o n .  O r g a n ic  m a t t e r  f rom l i v e s t o c k  w a s t e s ,  a n o t h e r  manure  r u n ­

o f f  p o l l u t a n t  ,o f  s u r f a c e  w a t e r s ,  i s  a s u i t a b l e  s u b s t r a t e  f o r  a e r o b i c



b a c t e r i a .  Once manure  o r g a n i c  m a t t e r  e n t e r s  s u r f a c e  w a t e r s ,  b a c t e r i a  

u t i l i z e  any  a v a i l a b l e  d i s s o l v e d  oxygen f o r  d e c o m p o s i t i o n .  The decom­

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

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

Even when p r e c i p i t a t i o n  i s  n o t  h e a v y  enough t o  c a u s e  r u n o f f  c o n ­

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

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

c o n s i d e r a t i o n .  Movement t h r o u g h  s o i l s  by n i t r a t e ,  sod ium  and p o t a s s i u m  

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

G iv e n  s u f f i c i e n t  d r a i n a g e  and t im e , ,  t h e s e  s o l u b l e  i o n s  move f r e e l y  t o  

t h e  w a t e r  t a b l e  ( A d r i a n o ,  P r a t t ,  and B i s h o p  1 9 7 1 ) ;  Gi iham  and Webber 

(1968 )  and S t e w a r t  e t  a l /  (1967 )  r e p o r t  s i m i l a r  f i n d i n g s  and c o n c l u s i o n s  

W hile  g ro u n d  w a t e r  p o l l u t i o n ,  i s  p r i m a r i l y  a n i t r a t e  c o n t a m i n a t i o n  p r o b ­

lem, s a l t s  a r e .  a l s o  c o n t r i b u t o r s .  I n .semi^humid  .and s e m i - a r i d  r e g i o n s  . 

whe re  i r r i g a t e d  a g r i c u l t u r e  i s .  p r a c t i c e d ,  g round  w a t e r  may. be t h e - m a j o r  

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

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

t e n a n c e  ( C r o s s , M azurak ,  and C h e s n i n  1973)  and . s u c c e s s f u l  p l a n t ,  g e r m i n a ­

t i o n  and g r o w th  ( A d r i a n o  e t  a l ,  1 9 7 3 ) ,

A c c u m u l a t i o n  o f  f e e d l o t  m anu res  and t h e  s u b s e q u e n t  p o l l u t i o n  

h a z a r d  c r e a t e d  pose  a s e r i o u s  management  c o n c e r n ,  p a r t i c u l a r l y  when 

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

w a s t e  management must  d e a l  w i t h  t h e  e c onom ics  o f  manure  u t i l i z a t i o n  o r  

d i s p o s a l *  The v a l u e  p e r  u n i t  w e i g h t  o f  manure  i s  r e l a t i v e l y  low f o r  

any u t i l i z a t i o n  o p t i o n .  Because  manure  i s  b u l k y  and o f t e n  h i g h  i n  

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



o f t e n  t h a n  n o t ,  t h e  t r a n s p o r t a t i o n  c o s t s  e x c e e d  manure  u t i l i z a t i o n  or  

r e c y c l i n g  v a l u e  ( S t u b b l e f i e l d  and Sm ith  1964)* Economics e s s e n t i a l l y  

l i m i t s  manure  u t i l i z a t i o n  o r  d i s p o s a l  t o  t h e  im m e d ia te  v i c i n i t y  o f  t h e  

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

Manure may be r e c y c l e d  a t  t h e  p r o d u c t i o n  s i t e  a s  b e d d in g  o r  

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

n u t r i t i v e  food  e n e r g y  (Animal  S c i e n c e  R e s e a r c h  D i v i s i o n  1 9 7 1 ) ,  However 

manure f rom  p a t h o g e n i c a l l y  i n f e c t e d  a n i m a l s  may c o n t a i n  p a t h o g e n s  and 

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

d i s e a s e .  Another ,  a l t e r n a t i v e  may be u t i l i z a t i o n  as an e n e r g y  s o u r c e  

by b u r n i n g  o r  m e tha ne  g e n e r a t i o n  ( D a le  1 9 7 1 ) ,  A l t h o u g h  economic  and 

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

m a n u r in g  may be. .more a t t r a c t i v e  i n  t h e  f u t u r e .

Manure u t i l i z a t i o n  a s  a  s o i l  c o n d i t i o n e r  and f e r t i l i z e r ,  when 

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

s o l u t i o n .  M anur ing  n o t  o n l y  b u i l d s ,  s o i l  o r g a n i c  m a t t e r  and: t i l t h  b u t  

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

( P e t e r s o n ,  McCall  a,, and Smith. 1 9 7 1 ) .  However ,  m anures  a r e .  n o t  u s u a l l y  - 

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

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

(Meek e t  a i .  1 9 7 4 ) .

B ecause  m anures  a r e  v a r i a b l 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  

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

f e c t i v e  m anagem en t» F e e d l o t  manure  i s  u s u a l l y  c o l l e c t e d  w i t h  a b l a d e  

o r  s coop  l o a d e r .  I f  c o l l e c t e d  f rom  c o n c r e t e  f l o o r s ,  manure  may be 

r e l a t i v e l y  f r e e  o f  d i l u t e n t s . . However ,  when c o l l e c t e d  f rom  n a t u r a l
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f l o o r s ,  as  much as 50% o f  t h e  m a t e r i a l  c o l l e c t e d  may be u n d e r l y i n g  b e d ­

d i n g ,  l i t t e r ,  s o i l ,  s a nd  and g r a v e l .  Manures  r e f l e c t  t h e s e  d i l u t e n t s  i n  

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

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

l i v e s t o c k  o r  p o u l t r y  o p e r a t i o n  ( T a b l e  1)  b u t  a l s o  f rom f e e d l o t  t o  f e e d -  

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

C om par i son  o f  manure  c h e m i c a l  c o n s t i t u e n t s  ( T a b l e s  2,  3 ,  4 ,  and 6 , s e e  

p ,  15 ) f rom  f o u r  d e s e r t  S o u th w e s t  b e e f  c a t t l e  f e e d l o t s  i s  e v i d e n c e  o f  

t h i s  v a r i a b i l i t y ,

W hereve r  d r y - l a n d  o r  i r r i g a t e d  a g r i c u l t u r e  i s  p r a c t i c e d ,  s o i l  

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

g r o w t h .  S t e e r  m anures  o f  t h e  d e s e r t  S o u th w e s t  t e n d  t o  be  h i g h  in  

s o l u b l e  s a l t s ,  r a n g i n g  f rom 5 , 3 0  t o  12,10%, The t o t a l  s a l t  c o n t e n t  may 

v a r y  w i t h  t h e  q u a n t i t y  of  u r i n e  i n c o r p o r a t e d  i n t o  t h e  m an u re .  P o t a s s i u m  

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

i n  manure  f rom  u n p a v e d ,  o u t - o f - d o o r s  f e e d l o t s  where  c o l l e c t i o n  may i n ­

c o r p o r a t e  u n d e r l y i n g  m a t e r i a l s  ^ E l i m i n a t i o n  of.  ^ f r e e - c h o i c e ^  s a l t  

(NaCl)  f e e d i n g  may r e d u c e  manure  sod ium  c o n t e n t  (Meek e t  a l ,  1 9 7 5 ) ,  

N i t r o g e n  and p h o s p h o ru s  ' i n  m anu re s  a r e  o f  f e r t i l i z e r  v a l u e ,  

a s  t h e s e  p r i m a r y  n u t r i e n t s  a r e  r e q u i r e d  i n  r e l a t i v e l y  l a r g e  amounts  by 

p l a n t s , T o t a l  n i t r o g e n  and t o t a l  p h o s p h o ru s  v a l u e s  r e p o r t e d  i n  

T a b l e s  2 ,  3 ,  .4 and 6 -(p<. 15): r a n g e : f r o m  K 6 2 5  t o  2 ,390% and  0 ,2 7  t o  1,30%, 

r e s p e c t i v e l y .  Meek e t  a l ,  (1975 )  s t a t e  t h a t  t o t a l  f e e d l o t  manure 

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

m a t e l y  82-90% o f  t h a t  n i t r o g e n  may e x i s t  a s  o r g a n i c  f o r m s , M i c r o ­

b i o l o g i c a l  d e g r a d a t i o n  g r a d u a l l y  m i n e r a l i z e s  o r g a n i c  n i t r o g e n  t o
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T a b l e  2„ Some c h e m i c a l  c h a r a c t e r i s t i c s  o f  f e e d l o t ^ s t e e r  manure 
f rom T u c s o n ? A r i z o n a  i n  1975 ( o v e n - d r y )

C o n s t i t u e n t %

O r g a n ic  c a r b o n 2 5 . 0 0

. Ash 3 7 . 0 0

S o l u b l e  i o n s 1 2 . 1 0

Na 1 .2 6  : .

K 1 . 5 0

■ Ca 1 .7 2

Mg 0 ,5 6

T o t a l  N- • 2 ,3 9  ....

T o t a l  P 0 , 8 0

T r a c e  e l e m e n t s
Fe 0 .5 6 6 0

Mn 0 .0 1 5 9

Zn 0 .0 0 6 7

Cu 0 .0 0 3 2

Pb 0 ,0 0 1 5

Co 0 .0 0 0 8

Cr 0 .0 0 7 0

Ni 0 .0 042

A m o o z e g a r -F a rd ,  P u l l e r ,  and W a r r i c k  1975



T a b l e  3 .  Some c h e m i c a l  c h a r a c t e r i s t i c s  o f  f e e d l o t  s t e e r  manure 
f rom Phoenixj ,  . A r i z o n a  i n  1964 ( o v e n - d r y ) *

C o n s t i t u e n t  %

Ash 2 0 . 0 0

S o l u b l e  i o n s  6 .1 0

Na 0 . 5 0

K 1 .9 3

Ca 0 .1 2

Mg: ■ 0 . 0 8

T o t a l  N 1 .7 7

T o t a l  P 1 .3 0

^ S t u b b l e f i e l d  and .Smith 1964
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T a b l e  4 ,  Some c h e m i c a l  c h a r a c t e r i s t i c s  of  f e e d l o t  s t e e r
manure  f rom  B ra w le y ,  C a l i f o r n i a  i n  1972 ( o v e n - d r y )

C o n s t i t u e n t %

O r g a n i c  c a r b o n 6 3 .7 0

S o l u b l e  i o n s 1 0 . 0 0

Na 2 . 8 4

■ K - ■ 1 . 1 2

Ca . . : 2  . 80  ■

Mg 1 .5 3

' T o t a l  N 1 . 9 8

T o t a l  P 0 .2 7

T r a c e  e l e m e n t s
Fe 0 .4 8 0 0

Mn ■ 0 .0 1 5 3

Zn 0 .0 099

Cn 0 .0 0 3 0

B 0 .0 1 3 7

Li 0 .0 0 0 9

1
Meek e t  a l » 1974
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T e a c h a b l e ,  p l a n t - a v a i l a b l e  f o r m s . B i o l o g i c a l  r e a c t i o n s  do n o t  i n f l u e n c e  

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

t i o n  r e a c t i o n s  t e n d  t o  k e e p  p h o s p h o r u s  i n  decom pos ing  manures  o r  w i t h i n  

t h e  s o i l  vo lume  o f  i n c o r p o r a t i o n .

Manure t r a c e  e l e m e n t  c o n t e n t  may b e . s m a l l  b u t  n o t  i n s i g n i f i c a n t .  

A l t h o u g h  manure  may s u p p l y  many m i c r o n u t r i e n t s  a t  b e n e f i c i a l  l e v e l s ,  

manure  may s u p p l y  l i t h i u m  o r  b o r o n  a t  t o x i c  l e v e l s  f o r  c e r t a i n  s e n s i t i v e  

p l a n t s ,

P r o p e r  management i s  e s s e n t i a l . f o r  manure  a p p l i c a t i o n  t o  s o i l s . 

under:  c r o p  p r o d u c t i o n .  S a l i n i t y  h a z a r d  due t o  t h e  a d d i t i o n  o f  h i g h  

amounts  o f  sod ium and p o t a s s i u m  i n  manure  i s  a lw ays  p r e s e n t  and p a r ­

t i c u l a r l y  a c u t e  i n  s e m i - a r i d  and a r i d  c l i m a t e s » •:. Ammonia t o x i c i t y  t o  

p l a n t  l i f e  is,: a n o t h e r  p r o b le m  (Murphy e t  a l ,  1 9 7 2 ) ,  as  a r e  l i t h i u m  and 

b o r o n  t o x i c i t i e s .  Even s o ,  a l l  o f  t h e s e  p rob le m s  may be overcome w i t h  

p r o p e r  manure  a p p l i c a t i o n . r a t e ,  i r r i g a t i o n ,  s o i l  management  and t o l e r -  • 

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



CHAPTER 2

THE EXPERIMENTAL PROCEDURE

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

mine f e r t i l i t y  b e n e f i t s  and w a s t e  u t i l i z a t i o n  o r  d i s p o s a l  g u i d e l i n e s , 

The e x p e r i m e n t a t i o n  r e p o r t e d  h e r e ,  h o w e v e r ,  i s  u n i q u e  i n  t h a t  t h e  ma­

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

p r e v i o u s  s t u d i e s .

O b j e c t i v e  - r ; .

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

e f f e c t s  o f  s t e e r  manure  l o a d i n g  r a t e  and c r o p p i n g  p a t t e r n  upon s o i l  

f e r t i l i t y  s t a t u s ,  ..E v a l u a t i o n  of. t h e  s o i l  f e r t i l i t y  a n a l y s i s  i s  two-  

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

( 1 ) f o r  o p t i m a l  f e r t i l i t y  b e n e f i t  and ( 2 ) f o r  maximum manure  u t i l i z a ­

t i o n  o r  d i s p o s a l  as  a w a s t e  management  a l t e r n a t i v e .

M a t e r i a l s  and Methods

S o i l

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

F i e l d  A - l  a t  t h e  U n i v e r s i t y  o f  A r i z o n a  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n  

a t  M a ra n a , A r i z o n a  ( F i g u r e  - 1 ) , .  Grabe  l o a m , : a d e e p ,  w e l l  d r a i n e d ,  

f l o o d - p l a i n  s o i l ,  p r e d o m i n a t e s  t h e  f i e l d  s i t e .  P o s t , H e n d r i c k s , and 

P e r e i r a  (19 7 8 )  c l a s s i f i e d  t h e  Grabe  s o i l  s e r i e s  i n  t h e  c o u r s e - l o a m y ,  

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

' 11
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B - 4A - 4 D - 4

G e l

B - 3 D - 3C - 3A - 3 E - 3

B - 2A - 2 D - 2

Pe l

C - 1 D - 1 E - i

S C A L E

0 110 2 2 0  
M E T E R S

B u i l d i n g

F a  M o w e d  

C r o p p e d

Pel  -  P i m a  c l a y  l o a m  

GI  -  G r a b e  l o a m  

G e l  -  G r a b e  c l a y  l o a m

F i g u r e  1.  F i e l d  e x p e r i m e n t  s i t e  and s o i l  map o f  t h e  U n i v e r s i t y  of  
A r i z o n a  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n  a t  Marana
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The s u r f a c e  t e x t u r e  of  t h e  f i e l d  s i t e  s o i l  i s  c l a y  loam, com­

p o se d  o f  37,4% s a n d ,  33,6% s i l t  and 29,0% c l a y  and .a v e r a g e s  46 -50  cm i n  

d e p t h  ( P e r e i r a  1 9 7 1 ) ,  The brown,  c l a y  loam, s u r f a c e  s o i l  i s  u n d e r l a i n  

by s t r a t i f i e d  loam, s i l t  loam o r  f i n e  s i l t  loam s u b s o i l s .  The p r o f i l e  

i s  m o d e r a t e l y  a l k a l i n e , .  pH 7 , 7 8 - 7 , 8 3 ,  and g e n e r a l l y  c a l c a r e o u s  b u t  f r e e  

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

S o i l  c h a r a c t e r i s t i c s  o f  t h e  c o m p o s i t e  Ap h o r i z o n  ( 0 - 3 0  cm) f rom

' f i e l d . ' A - 1. a r e  p r e s e n t e d  i n  T a b l e  5 ,  The n a t i v e  o r g a n i c  c a r b o n  and 

CO£ - s o l u b l e  p h o s p h o r u s  v a l u e s  f o r . t h e  s u r f a c e  30 cm o f  s o i l  were  f a i r l y  : 

u n i f o r m  t h r o u g h o u t  t h e  s i t e  a v e r a g i n g  0,387% and 1 ,7 5  ppm, r e s p e c t i v e l y -

Manure

The f e e d l o t  s t e e r  manure  u s e d  i n  t h e  f i e l d  e x p e r i m e n t  came f rom

a l a r g e ,  h i g h - d e n s i t y - p o p u l a t i o n ,  c o m m e rc i a l  o p e r a t i o n  i n  Red Rock,

A r i z o n a ,  C om pa r i son  o f  c h e m i c a l  c h a r a c t e r i z a t i o n s  ( T a b l e s  2 , 3,  4 and 

6  ) i n d i c  a t  ed t h a t  t h e  c o n s t  i t u e n t  compos i t  i o n  ; and n u t r i e n t  v a l u e  w ere  

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

The s o l u b l e  i o n s  v a l u e ^  5,30%, ho w e v e r ,  f e l l  a t  t h e  l o w e r  end o f  t h e  

r a n g e .  Of t h e  t r a c e  e l e m e n t s  d e t e r m i n e d ,  i r o n  and m anganese  were  p r e -  ■ 

p o n d e r a n t  w i t h  v a l u e s  o f  0 , 6 7 0 0  and 0,0219%, r e s p e c t i v e l y .

I n d i c a t o r  Crop

S u d a n g r a s s ,  -anv antiu:ali:' g r a s ^ ■ • w e l l ^ a d a p t e d  • t o  t h e  d e s e r t  S o u t h w e s t ,  

was c h o s e n  a s . t h e  s o i l - n u t r i e n t - i n d i c a t o r  c r o p ,  \ B e c a u s e  a v i g o r o u s ,  • 

s o l i d  s t a n d  o f  S u d a n g r a s s  e x h i b i t s  a s p o n g e - l i k e  a b i l i t y  t o  a b s o r b  v i r ­

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

d i c a t o r  o f  s o i l  f e r t i l i t y  s t a t u s ,
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T a b l e  5„ Some c h a r a c t e r i s t i c s  o f  t h e  c o m p o s i t e  Ap h o r i z o n  ( 0 - 3 0  cm) 
c l a y  loam s o i l  f rom t h e  f i e l d  s i t e  ( A - l )  a t  t h e  U n i v e r s i t y  
of  A r i z o n a  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n  a t  Marana ,  . 
A r i z o n a

C h a r a c t e r i s t i c
%

( o v e n - d r y )  ; ppm

S o i l  p a s t e  pH r a n g e : 7 , 6 4  -  7 . 8 3  
mean: 7 . 7 8

T o t a l  o r g a n i c  c a r b o n  (C) r a n g e :
mean:

0 .3 1 7  - 0 . 4 8 6  
0 ,3 8 7

T o t a l  d i s s o l v e d  s a l t s  r a n g e :
mean:  ■■

693 - 861 
807

0 0 2 - s o l u b l e  p h o s p h o ru s  (P )  r a n g e : .
mean:

1 . 1 0  -  2 . 1 0  

1 .7 0
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T a b l e  6 * Some c h e m i c a l  c h a r a c t e r i s t i c s  o f  f e e d l o t  s t e e r  manure  
from  Red Rock,  A r i z o n a  a p p l i e d  i n  J u n e  1974 t o  t h e  
l o a d i n g - r a t e  f i e l d  e x p e r i m e n t  ( o v e n - d r y )

C o n s t i t u e n t  %

O r g a n i c  c a r b o n 49 .9 9

S o l u b l e  i o n s 5 . 3 0

Na • 0 .4 5

K 1 .5 2

' Ca 2 . 2 4

Mg 0 . 3 0

T o t a l  K . 1 .6 3

T o t a l  P 0 .4 7

T r a c e . e l e m e n t s  
Fe 0 .6 7 0 0

Mn 0 .0 2 1 9

Zn 0 .0 1 0 6

Cu . 0 .0 0 2 7  ..

Pb 0 .0 025

Ca 0 .0 042

Cr 0 .0 1 7 1

Mi . 0 . 0 0 9 2

1 A r t i o l a - F o r t u n y  1976



E x p e r i m e n t a l  Des i g n  

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

1 , F a l l o w e d  o r  c r o p p e d ,

2 , 0 , 4 4 , 8 ,  1 3 4 , 4 ,  1 7 8 . 2 ,  224 and. 448 m e t r i c  t o n s  p e r  h e c t a r e ,
( m t / h a )  s t e e r  manure  l o a d i n g  r a t e s  (on a d r y - w e i g h t  b a s i s ) ,

3 ,  F o u r  r e p l i c a t i o n s  p e r  l o a d i n g  r a t e .

The i n d i v i d u a l  p l o t s  w i t h i n  e a c h  r e p l i c a t i o n  as  w e l l  as  t h e  r e p l i c a t i o n s  

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

domized b l o c k  d e s i g n  t o  m in i m i z e  t h e  e f f e c t s  o f  n a t u r a l  s o i l  f e r t i l i t y  

o r  t e x t u r a l  v a r i a t i o n ' s  upon  y i e l d .  The 48 p l o t  (2 x  6  x  4)  e x p e r i m e n t a l  

l a y o u t  i s  i l l u s t r a t e d  i n  F i g u r e  2 .  T h e r e  was a f o u r - r o w  b u f f e r  b e tw e e n  

f a l l o w e d  and c r o p p e d  s e c t i o n s .  Each o f  t h e  48 i n d i v i d u a l  p l o t s  was 

e i g h t  rows o r  8 , 1 2  m e t e r s  w id e  by 2 1 , 3 4  m e t e r s  l o n g .  S o i l  and p l a n t  

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

I n  e f f e c t *  t h e n *  e a c h  .s ampl ing  p l o t  w a s , b u f f e r e d  f rom  t h e  r e s t  i n  an 

a t t e m p t  t o  m in i m i z e  s a m p l i n g  e r r o r  due t o  s o i l  f e r t i l i t y  g r a d a t i o n s  f rom  

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

t i l l a g e  o p e r a t i o n s » The s a m p l i n g  p l o t s  w e re  t h r e e  rows o r  3 , 0 4  mete rs ,  

w ide  and 1 3 ,4 1  m e t e r s  l o n g .

C r o p p i n g  H i s t o r y  

The f i e l d  e x p e r i m e n t  was begun  i n  J u l y ,  1974 ,  when com m e rc ia l  

s t e e r  manure  f rom  a Red Rock,  A r i z o n a  f e e d l o t  was a p p l i e d  t o  t h e  r a n ­

dom ized  p l o t s  a t  t h e  p r e s c r i b e d  r a t e s ^  The manure  was a p p l i e d  d u r i n g  

t h e  p e r i o d  J u l y  4 t h r o u g h  J u l y  12,  1974 and i n c o r p o r a t e d  i n t o  t h e  s o i l  

t o  a d e p t h  o f  15 cm.
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I
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p l o t
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2 - 4 4 . 8  

3 . - 1 3 4  4

4.  - 1 7 8  2

5 . - 2 2 4 . 0

6 . - 4 4 8 , 0

F i g u r e  2,  F i e l d  e x p e r i m e n t  p l o t  d e s i g n  showing  f a l l o w e d  and c ro p p e d  
s e c t i o n s ,  r e p l i c a t i o n s ,  and manure  l o a d i n g  r a t e s

17
0.
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H a l f  o f  t h e  p l o t s  were  l e f t  f a l l o w e d ,  t h a t  i s ,  u n c u l t i v a t e d  and 

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

sorghum ( Sorghum v u l g a r e ) on J u l y  17, 1974 .  H e n c e f o r t h ,  t h e  c ro p p e d  

p l o t s  were  d o u b l e - c r o p p e d  a l t e r n a t e l y  w i t h  g r a i n  sorghum and b a r l e y  

( Hordeum v u l g a r e ) f o r  two y e a r s . C u l t u r a l  p r a c t i c e s  were  s t a n d a r d , 

c o m m e r c i a l - p r o d u c t i o n  t e c h n i q u e s  u s e d  i n  t h e  i r r i g a t e d  d e s e r t  Sou thw es t  

f o r  g r a i n  sorghum and b a r l e y .  The g r a i n  y i e l d s  w ere  h a r v e s t e d  by com­

b i n e  and removed a t  m a t u r i t y .  C rop  r e s i d u e s  were  r e i n c o r p o r a t e d  i n t o  

t h e  s o i l .

The f i r s t  c r o p ,  sorghum, was s e v e r e l y  s t u n t e d  and d i d  n o t  p r o ­

duce  g r a i n .  The s u c c e s s i v e  c r o p s  p r o d u c e d  g r a i n  d r y - w e i g h t  y i e l d s  as  

r e p o r t e d  i n  T a b l e  7 .  A n a l y s i s  o f  t h e s e  y i e l d  d a t a  i n d i c a t e d  t h a t ,  

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

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

1 0 0  l b s  o f  NH4 NO3  f e r t i l i z e r  was a p p l i e d  b r o a d c a s t  t o  a l l  f a l l o w e d  and 

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

P r i o r  t o  s e e d i n g  t h e  S u d a n g r a s s  i n  J u l y ,  1976,  s o i l  s a m p le s  o f  

t h e  c o m p o s i t e  Ap h o r i z o n  ( 0 - 3 0  cm) w e re  c o l l e c t e d  f rom  a l l  s u b p l o t s  i n  

b o t h  f a l l o w e d  and c r o p p e d  s e c t i o n s .  The s o i l  s a m p le s  were  a n a l y z e d  f o r  

t o t a l  o r g a n i c  c a r b o n  (C) ( B l a c k  1 9 6 5 ) .  C G ^ - s o l u b l e  p h o s p h o ru s  (P)  was 

e x t r a c t e d  f rom  s o i l  s a m p le s  as  d e s c r i b e d  by MeGeorge, B e u h r e r , and 

B r e a z e a l e  ( 1 9 3 5 ) .  The Murphy and R i l e y  method a c c o r d i n g  t o  Watanabe 

and O l s e n  (1965 )  was u s e d  f o r  c o l o r i m e t r i c  m easu rem en t  o f  t h e  

C0 2 - e x t r a c t .  The c h e m i c a l  a n a l y s i s  d a t a  o f  t h e  s o i l  p a r a m e t e r s  a r e  

p r e s e n t e d  i n  t a b u l a r  fo rm  i n  Append ix  A.
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T a b l e  7.  G r a i n  sorghum and b a r l e y  d r y  w e i g h t  y i e l d s  f rom f o u r  c r o p s  
grown on c l a y  loam s o i l  o f  t h e  c r o p p e d  s e c t i o n  a f t e r  r e ­
c e i v i n g  s t e e r  manure a t  v a r i o u s  l o a d i n g  r a t e s ^

H a r v e s t
Date

S t e e r  Manure L o a d in g  Ra te mt / h a
0 4 4 , 8 1 3 4 , 4  1 7 8 ,2 224 448

k g / h a

1 2 / 1 9 7 4 - — - - --No G r a i n  Y i e l d — - -

6 /1975 2815 4152 5520 5466 5621 4385

12/1975 4131 4536 4905 5484 5529 4740

6 /1976 218 381 1065 1392 1687 3584

F u l l e r  1977
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The S u d a n g r a s s  was p l a n t e d  b r o a d c a s t  on a l l  f a l l o w e d  and c r o p p e d  

p l o t s  o v e r  100 cm b e d s . The p l a n t i n g  t e c h n i q u e  p ro d u c e d  a s o l i d ,  n o n ­

c u l t i v a t e d  s t a n d  o f  g r a s s . The g r a s s  was grown t o  t h e  b o o t i n g  s t a g e  and 

sam pled  Augus t  2,  1976.  A f t e r  s a m p l i n g ,  t h e  g r a s s  was c u t  and r e m o v e d ,

A se c o n d  sam ple  was t a k e n  Sep tem ber  14,  1976 a t  t h e  same g row th  s t a g e .

I n  b o t h  i n s t a n c e s ,  t h e  S u d a n g r a s s  was sam p led  j u s t  p r i o r  t o  b o o t i n g  when 

g r o w t h ,  n u t r i e n t  u p t a k e  u t i l i z a t i o n  a r e  m ax im iz e d .

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

from f a l l o w e d  and c r o p p e d  s e c t i o n s . M o i s t u r e  c o n t e n t  d a t a  f o r  a l l  sam­

p l e s  was d e t e r m i n e d  from f i e l d - g r e e n  and d r y  w e i g h t  d a t a .  I n  a d d i t i o n ,  

a l l  s a m p le s  were  a n a l y z e d  f o r  p l a n t  n i t r o g e n  (N) c o n t e n t  u s i n g  t h e  

K j e l d a h l  method ( B l a c k  1965)  and f o r  p l a n t  p h o s p h o r u s  (P )  c o n t e n t  u s i n g  

t h e  s p e c t r o p h o t o m e t r i c  m o ly b d o v a n a d o p h o s p h a t e  method ( K i t s o n  and M e l lo n  

1 9 4 4 ) ,  T o t a l  n i t r o g e n  (N) u p t a k e  and t o t a l  p h o s p h o ru s  (P)  u p t a k e  d a t a  

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

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

p l a n t  p a r a m e t e r s  a r e  d i s p l a y e d  i n  Appendix  B.

R e s u l t s  and D i s c u s s i o n  

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

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

t o  one a n o t h e r  and t o  s o i l  f e r t i l i t y  a s  i n f l u e n c e d  by s t e e r  manure l o a d ­

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

ance  a t  t h e  95% c o n f i d e n c e  l e v e l  t o  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  

b e tw e e n  r a t e s ,  h a r v e s t s  and c r o p p i n g  p a t t e r n .  S e p a r a t e  c o r r e l a t i o n  

a n a l y s e s , a l s o  a t  t h e  95% c o n f i d e n c e  l e v e l ,  f o r  t h e  two h a r v e s t s  show
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a d i f f e r e n c e  i n  t h e  number of  s i g n i f i c a n t  c o r r e l a t i o n s  b e tw e e n  t h e  

v a r i o u s  p a r a m e t e r s  f rom one h a r v e s t  t o  t h e  n e x t , s u p p o r t i n g  t h e  i n t u i t i v e  

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

t h o s e  o f  t h e  s e c o n d  h a r v e s t .

S o i l  P a r a m e t e r s

The s o i l  a n a l y s i s  d a t a  f o r  b o t h  t o t a l  o r g a n i c  c a r b o n  (C) and 

C0 2 - s o l u b l e  p h o s p h o ru s  (P )  c o n t e n t  o f  t h e  c o m p o s i t e  Ap h o r i z o n  a r e  s i g ­

n i f i c a n t l y  d i f f e r e n t  by manure l o a d i n g  r a t e  a s  w e l l  as  by c r o p p i n g  p a t ­

t e r n .  G e n e r a l  d i f f e r e n c e s  and t r e n d s  from r a t e  t o  r a t e  and be tw een  

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

d i s c e r n i b l e  f rom F i g u r e s  3 and 4.

T o t a l  O r g a n ic  C a r b o n . The mean t o t a l  o r g a n i c  c a r b o n  c o n t e n t ,  

0 .387%, o f  t h e  e x p e r i m e n t a l  f i e l d  s o i l  p r i o r  t o  manure a p p l i c a t i o n  i s  

l o w e r  t h a n  t h a t  o f  t h e  n o n -m a n u r e d ,  f a l l o w e d ,  c o n t r o l  p l o t s  sampled  two 

y e a r s  l a t e r .  S in c e  no o r g a n i c  m a t t e r  was added t o  t h e  c o n t r o l  p l o t s ,  

t h e  d i f f e r e n c e  p r e s u m a b ly  i s  due t o  r e s i d u a l  weed g r o w th  and w ind -  

t r a n s p o r t e d  c r o p  r e s i d u e s  from n e i g h b o r i n g  f i e l d s .  Even s o ,  f rom t h e  

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

f i e l d  s o i l  ( s e e  T a b l e  5 ) ,  0.49% i s  n o t  u n r e a s o n a b l e  and seems r e p r e ­

s e n t a t i v e  enough  t o  be assumed t o  be t h e  b a s e  o r  n a t i v e  l e v e l  f o r  

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

c o n t r o l  v a l u e ,  0 .49%, f o r  a l l  r a t e s  o f  f a l l o w e d  and c r o p p e d  s e c t i o n s ,  

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

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

f a l l o w e d  and c r o p p e d  s e c t i o n s ,  e ve n  a f t e r  two y e a r s . I n  b o t h  s e c t i o n s .
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F i g u r e  3 .  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  
upon s o i l  t o t a l  o r g a n i c  c a r b o n  c o n t e n t  
as  i n f l u e n c e d  by c r o p p i n g  p a t t e r n
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L_J F o l l o w e d  

1 3  C r o p p e d
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134.4 178.2 224.00 44.8 4 48.0
M A N U R E  L O A D I N G  RATE -  m l / h o

F i g u r e  4 .  The e f f e c t s  of  s t e e r  manure l o a d i n g  r a t e  
upon s o i l  C C U -s o lu b le  p h o s p h o ru s  c o n t e n t  
as  i n f l u e n c e d  by c r o p p i n g  p a t t e r n
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t h e  o r g a n i c  c a r b o n  c o n t e n t  f o r . t h e  448 m t / h a - r a t e  i s  a b o u t  t h r e e  t i m e s

t h a t  o f  t h e  0 m t / h a - r a t e *  The t o t a l  o r g a n i c  c a r b o n  c o n t e n t  o f  t h e  s u r ­

f a c e  30 cm o f  s o i l  i s  s t a t i s t i c a l l y  g r e a t e r  f o r  t h e  c r o p p e d  s e c t i o n  t h a n  

f o r  t h e  f a l l o w e d  s e c t i o n ,  a t  a l l  r a t e s  * One may s u r m i s e  t h a t  t h i s  e f ^  

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

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

C O g ^ s o lu b le  P h o s p h o r u s  ( P ) . Even t h o u g h  t h e  mean s o i l  COg- 

s o l u b l e  p h o s p h o ru s  c o n t e n t ,  1 .1 7  ppm, o f  t h e  n o n -m a n u r e d ,  f a l l o w e d ,  

c o n t r o l  p l o t s . i s  l o w e r  a f t e r  t w o : y e a r p  t h a n  t h e  mean n a t i v e  l e v e l  of. 

t h e  e x p e r i m e n t a l  f  i e l d  p r i o r  t o  b e g i n n i n g  t h e  e x p e r i m e n t  -  one mus t  a s^  

sume t h a t  1 . 1 7  pm r e p r e s e n t s  t h e  n a t i v e  l e v e l  f o r  s u b s e q u e n t  d i s c u s ­

s i o n s .  S o i l  C0 2 ws o l u b l e  p h o s p h o r u s  d a t a  f o r  both,  f a l l o w e d  and c r o p p e d  

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

s i g n i f i c a n t l y  w i t h  i n c r e a s i n g  m a n u r in g  r a t e .  The h i g h e s t  r a t e  shows . 

s u b s t a n t i a l l y  more C ^ - s o l u b l e  p h o s p h o r u s ,  a b o u t  f o r t y  t i m e s  as much 

f o r  b o t h  c r o p p i n g  p a t t e r n s , t h a n  t h e  no manure  r a t e , The a p p a r e n t  r e ­

l a t i o n s h i p  o f  s o i l  C C ^ - s o l u b l e  p h o s p h o ru s  t o  m a n u r in g  r a t e  i n d i c a t e s  

t h a t  p h o s p h o ru s  seems t o  remain-: i n  : t h  manure  w i t h  v e r y

l i t t l e ,  i f  any ,  l e a c h i n g .

G r a i n  c r o p s ,  such  as  g r a i n  so rghum and b a r l e y ,  g e n e r a l l y  r e ­

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

g r a i n  p r o d u c i n g  c r o p s .  T h e r e f o r e ,  s i n c e  c r o p  r e s i d u e s  w ere  

r e i n c o r p o r a t e d  a f t e r  g r a i n  h a r v e s t i n g ,  one  may e x p e c t  t h e  s o i l  

C0 2 - s o l u b l e  p h o s p h o ru s  l e v e l s  t o  be. lower,  i n  t h e  c r o p p e d  s e c t i o n  t h a n  

i n  t h e  f a l l o w e d  s e c t i o n ,  a t  any g i v e n  r a t e ,  by t h e  p h o s p h o r u s . c o n t e n t
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of  t h e  h a r v e s t e d  g r a i n  c r o p s , The d a t a  s u p p o r t  t h i s  p r o p o s i t i o n  a t  

a l l  r a t e s «

A l th o u g h  s t a t i s t i c a l  a n a l y s i s  does  n o t  c o r r e l a t e  t o t a l  o r g a n i c  

c a r b o n  w i t h  s o i l  -CO ^-so lub le  p h o s p h o r u s ,  t h e  r e l a t i o n s h i p  be tw e en  t h e s e  

p a r a m e t e r s  seems u n d e n i a b l e .

P l a n t  P a r a m e t e r s

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

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

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

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

and d r y  weigh t-  y i e l d s  a r e  m e a s u r e s  o f  a n n b a l - p l a n t  g r o w th  and r e f l e c t  

a l l  e n v i r o n m e n t a l -  f a c t o r s  4 I n i t i a l l y ,  . a n n u a l V p l a n t  g r o w t h  o r  y i e l d  

p r o c e e d s  r a p i d l y ' t o  a c e r t a i n  l e v e l  a n d v t h e n ,  a a  t h e  p l a n t  a p p r o a c h e s  

m a t u r i t y ,  i n c r e a s e s  by s u c c e s s i v e l y  s m a l l e r  i n c r e m e n t s ,  c h a r a c t e r i z i n g  . 

t h e  ^g row th  c u r v e V 1 Assuming, a l l  o t h e r  f a c t o r s  a r e  f a v o r a b l e ,  soi l"?  

s o l u t i o n  n u t r i e n t  c o n c e n t r a t i o n s  as  w e l l  a s  thei,  s o i l 1 s : a b i l i t y ,  t o  s u s ­

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

y i e l d  p a r a m e t e r s , P l a n t  t i s s u e  n u t r i e n t  c o n t e n t  ( n i t r o g e n . and; p h o s ­

p h o r u s )  p a r a m e t e r s  a r e  an e x p r e s s i o n  o f  n u t r i e n t  a v a i l a b i l i t y  o r  r e l a ­

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

s a m p l i n g .  P l a n t • : t i : s : sue . ' ; nu t t i e t i t  • •content ," ;depend' ihg.  on many f a c t o r s , 

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

n o t  a lw a ys  w e l l - r e l a t e d  t o  y i e l d .  Dry w e i g h t  d a t a  and p l a n t  t i s s u e  

n u t r i e n t  c o n t e n t  d a t a  combine  t o  g e n e r a t e  t o t a l  n u t r i e n t  u p t a k e  d a t a ,  

w h ich  may b e s t  r e p r e s e n t  t h e  s o i l ' s  a b i l i t y  t o  s u p p l y  a n u t r i e n t  d u r i n g
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a g i v e n  g ro w th  p e r i o d .  T o g e t h e r ,  t h e  r e l a t i o n s h i p s  among f i e l d - g r e e n  

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

" h a n d l e "  f o r  s o i l  f e r t i l i t y  e v a l u a t i o n  and may s e r v e  as  t h e  m a j o r  p l a n t  

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

The numerous p l a n t  p a r a m e t e r s  ou g h t  t o  be e x t e n s i v e  enough t o  

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

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

t i l i t y  s t a t u s .  However ,  b e c a u s e  t h e  d a t a  a r e  somewhat  cumbersome t o  

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

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

d a t a  i n  h i s t o g r a m s ,  F i g u r e s  5 t h r o u g h  18,  may e l u c i d a t e  t h e  u n d e r l y i n g  

t r e n d s  and r e l a t i o n s h i p s  among t h e  v a r i o u s  p a r a m e t e r s ,

A n a l y s i s  by. R a t e .., A n a l y s i s  o f :v a r l a n c e y  by r a t e ^  I n d i c a t e s  

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

p a r a m e t e r s  except .:  f  a l l b w e d - s e c t i o n  p l a n t  p h o s p h b ru s  c o n t e n t , One. .may 

e x p e c t  y i e l d  and t o t a l  u p t a k e  p a r a m e t e r s .  ( F i g u r e s  5 ,  6 , 9 and 1 1 ) and 

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

manure  l o a d i n g  r a t e  o r  t o t a l  o r g a n i c  c a r b o n  c o n t e n t ,  as  an i n d e x  o f  

s u b s t r a t e  f rom  w h ic h  many n u t r i e n t s  may become p l a n t a v a i l a b l e  v i a  • 

o r g a n i c  m a t t e r  d e c o m p o s i t i o n  o v e r  an e x t e n d e d  number o f  c r o p p i n g s .  The 

y i e l d  and t o t a l  u p t a k e  p a r a m e t e r s  o f  t h e  f i r s t  h a r v e s t  o f  t h e  f a l l o w e d  . 

s e c t i o n  do n o t  seem t o  f o l l o w  m a n u r in g  r a t e  b u t  a p p e a r  t o  be g o v e rn e d  . 

by some g r o w th  d e p r e s s i n g  f a c t o r .  I n c r e a s i n g  p l a n t  n i t r o g e n  c o n t e n t . a s  

r a t e  i n c r e a s e s  i n  t h e  f i r s t - h a r v e s t ,  f a l l o w e d - s e c t i o n  d a t a  ( F i g u r e  8 ) 

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



S
U

D
A

N
G

R
A

S
S

 
W

ET
 

W
E

IG
H

T
6000

F a l l o w e d

5000 8 / 2

4000

3000

2000

01

1000

6000

C r o p p e d

5000

4000

3000

2000

1000

I
1 I
0 44.8 448.0134.4 178.2 224.0

M A N U R E  L O A D I N G  RATE -  m t / h a

F ig u r e  5 .  The e f f e c t s  of  s t e e r  manure l o a d in g  r a t e  and
c r op p in g  p a t t e r n  upon wet  w e igh t  o f  two
c o n s e c u t i v e  h a r v e s t s  o f  Sudangrass
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F ig u r e  6 .  The e f f e c t s  o f  s t e e r  manure l o a d in g  r a t e  and
cropp ing  p a t t e r n  upon dry w e ight  o f  two
c o n s e c u t i v e  h a r v e s t s  o f  Sudangrass
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F ig u r e  7.  The e f f e c t s  o f  s t e e r  manure lo a d in g  r a t e  and
c r op p in g  p a t t e r n  upon m o is t u r e  c o n t e n t  o f  two
c o n s e c u t i v e  h a r v e s t s  o f  Sudangrass
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F ig u r e  8 .  The e f f e c t s  of  s t e e r  manure l o a d in g  r a t e  and
c r op p in g  p a t t e r n  upon n i t r o g e n  c o n t e n t  o f  two
c o n s e c u t i v e  h a r v e s t s  of  Sudangrass
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F ig u r e  9 ,  The e f f e c t s  o f  s t e e r  manure l o a d in g  r a t e  and
cr op p in g  p a t t e r n  upon t o t a l  n i t r o g e n  uptake
of  two c o n s e c u t i v e  h a r v e s t s  of  Sudangrass
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F ig u r e  10 ,  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  and
c r opp ing  p a t t e r n  upon phosphorus c o n t e n t  of
two c o n s e c u t i v e  h a r v e s t s  o f  Sudangrass
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F ig u r e  11 ,  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  and
c r op p in g  p a t t e r n  upon t o t a l  phosphorus uptake
o f  two c o n s e c u t i v e  h a r v e s t s  o f  Sudangrass
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F ig u r e  12,  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  and
h a r v e s t i n g  sequence  upon Sudangrass  wet  w e igh t
as i n f l u e n c e d  by cropp ing  p a t t e r n
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F ig u r e  13.  The e f f e c t s  o f  s t e e r  manure l o a d in g  r a t e  and
h a r v e s t i n g  sequence  upon Sudangrass  dry w e ig h t
as i n f l u e n c e d  by c r o p p in g  p a t te r n
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F ig u r e  14,  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  and
h a r v e s t i n g  sequence  upon Sudangrass  m o i s t u r e
c o n t e n t  as i n f l u e n c e d  by cropping  p a t t e r n
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F ig u r e  15.  The e f f e c t s  o f  s t e e r  manure l o a d in g  r a t e  and
h a r v e s t i n g  sequence  upon Sudangrass  n i t r o g e n
c o n t e n t  as i n f l u e n c e d  by cropping  p a t t e r n
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F i g u r e  16.  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  and 
h a r v e s t i n g  s e q u e n c e  upon S u d a n g r a s s  t o t a l  
n i t r o g e n  u p t a k e  as  i n f l u e n c e d  by c r o p p i n g  
p a t t e r n



S
U

D
A

N
G

R
A

SS
 

P
H

O
S

P
H

O
R

U
S

 
(P

;

39

0.30

8/2

F a l l o w e d0.25

C r o p p e d
0.20

0.15

5̂  010

005

0 0 0

0.30

0.25

0.20

0.15

0.10

0.05

0.00 I
0 44.8 134.4 178.2 224.0

M A N U R E  LO ADI NG  RATE

i  1--------1-------- r

-  m t / h a

448.0

F ig u r e  17 ,  The e f f e c t s  o f  s t e e r  manure l o a d in g  r a t e  and
h a r v e s t i n g  sequence  upon Sudangrass  phosphorus
c o n t e n t  as i n f l u e n c e d  by cropping  p a t t e r n
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F i g u r e  18.  The e f f e c t s  o f  s t e e r  manure l o a d i n g  r a t e  and 
h a r v e s t i n g  s e q u e n c e  upon S u d a n g r a s s  t o t a l  
p h o s p h o ru s  u p t a k e  as  i n f l u e n c e d  by c r o p p i n g  
p a t t e r n



n o t  n e c e s s a r i l y 9 n i t r o g e n  a c c u m u l a t i o n  b y . t h e  c r o p ,  I r r e g a r d l e s s ,  

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

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

n i t r o g e n  f e r t i l i z a t i o n .  P l a n t  n i t r o g e n  l e v e l s  o f  t h e  s e c o n d - h a r v e s t ,  

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

i n c r e a s e s ,  r e f l e c t i n g  n i t r o g e n  f e r t i l i z a t i o n  e f f e c t s .  I n  b o t h  h a r ­

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

l o a d i n g  r a t e .  The 100 l b  NH^NO^ f e r t i l i z e r  a p p l i c a t i o n  seems t o  i n ­

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

l e v e l s  more a t  t h e  lower ,  manure  l o a d i n g  r a t e s  t h a n  a t  t h e  h i g h e r  r a t e s .  

At t h e  h i g h e r  manure  l o a d i n g ;  r a t e s ,  r a t e  seems t o  be t h e  p r e d o m i n a n t  ; 

i n f l u e n c e  upon s o i l  n i t r o g e n  f e r t i l i t y  l e v e l s .  I n  s p i t e  o f  t h e  s i g -  : 

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

1 0 ) ,  t h i s  p a r a m e t e r  seems t o  v a r y  l i t t l e  o r  e ven  d e c r e a s e  w i t h  i n ­

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

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

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

t a k e  . and y i e l d  i n c r e a s e  w i t h  r a t e  seems t o  i n d i c a t e  t h a t  even  t h e  l o w e s t  

p l a n t  p h o s p h o ru s  c o n t e n t  l e v e l  may be s u f f i c i e n t  f o r  c r o p  n u t r i t i o n a l  

r e q u i r e m e n t s  and maximum y i e l d s ,  A n a la g o u s  r e a s o n i n g  may be an a l t e r ­

n a t i v e  e x p l a n a t i o n  to. s i m i l a r  n i t r o g e n  and y i e l d  p a r a m e t e r  r e l a t i o n ­

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

t o t a l  p h o s p h o ru s  u p t a k e  and s o i l  C O g - s o l u b l e  p h o s p h o r u s  c o n t e n t  may 

b o t h  be i n d i c a t o r s  o f  p h o s p h o ru s  a v a i l a b i l i t y  and a p p e a r  t o  be s i g ?  

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

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



f e r t i l i t y  seems t o  f o l l o w  m a n u r in g  r a t e  o r  s o i l  t o t a l  o r g a n i c  c a r b o n  

c o n t e n t ,  t h e r e  a r e  no s i g n i f i c a n t  c o r r e l a t i o n s  o f  any p l a n t  p a r a m e t e r s  

w i t h  t o t a l  o r g a n i c  c a r b o n  c o n t e n t  of  t h e  s o i l *

The f e r t i l i t y  b e n e f i t  o r  a p p a r e n t  f e r t i l i t y  i n c r e a s e  as  manure 

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

t a k e  p a r a m e t e r s  ( F i g u r e s  5 ,  6 , 9 and 1 1 ) ,  a p p e a r s  t o  be opt imum n e a r  

t h e  180 m t / h a  r a t e  f o r  b o t h  c r o p p i n g  p a t t e r n s , M anur ing  r a t e s  above 

180 m t / h a  do n o t  a p p e a r  t o  be o f  any  a d d i t i o n a l  b e n e f i t ;  t h a t  i s ,  

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

i n  e x c e s s  o f  180 m t /h a *

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

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

d i f f e r e n c e s  b e tw e e n  t h e  h a r v e s t s ^  P l a n t  p a r a m e t e r  d i f f e r e n c e s  by h a r ­

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

s t a t u s .  An e xam ple  o f  t h e  f o r m e r  may be t h e  change  i n  p l a n t  m o i s t u r e  

c o n t e n t  f r o m  f i r s t  t o  s e c o n d  h a r v e s t  ( F i g u r e  7 ) ,  The c a l c u l a t e d ,  mean,  

m o i s t u r e  c o n t e n t  d i f f e r e n c e s  o f  t h e  S u d a n g r a s s  a r e  3 , 1 5  and 3,98% g r e a t  

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

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

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

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

f e r e n c e s  b e tw e e n  h a r v e s t s  may, b u t  n o t  a l w a y s ,  r e f l e c t  c h a n g e s  i n  s o i l  

f e r t i l i t y  a s  n u t r i e n t s  a r e  removed by  c r o p p i n g  o r  s o i l  e q u i l i b r i u m ,  i s . 

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

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



43

and n u t r i e n t s  a r e  u t i l i z e d  o r  removed f ro m  t h e  r o o t  z o n e .  A l l  p l a n t  

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

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

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

does  n o t  r e v e a l  t h e  n a t u r e  o f  t h e  d i f f e r e n c e ;  t h a t  i s ,  w h e t h e r  a pa ram ­

e t e r  i n c r e a s e s  o r  d e c r e a s e s  f rom f i r s t  t o  s e c o n d  h a r v e s t . F i g u r e s  5 

t h r o u g h  1 1  i l l u s t r a t e  t h a t  d i f f e r e n c e s  by h a r v e s t  may b e  b e t t e r  r e l a t e d  

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

p a r a m e t e r  d i f f e r e n c e s  by h a r v e s t  may be  more r e l e v a n t  i f  p r e s e n t e d  

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

F a l l o w e d  S e c t i o n . ' The u p p e r  h i s t o g r a m s  o f  F i g u r e s  5 t h r o u g h  11 

Show t h e  p a r a m e t e r  t r e n d s  by h a r v e s t  f o r  t h e  f a l l o w e d  s e c t i o n .  One may 

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

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

s e c o n d  h a r v e s t  i n  r e s p o n s e  t o  t h e  more im m e d ia te  e f f e c t  o f  t h e  p r e ­

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

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

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

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

u p t a k e  p a r a m e t e r s  do n o t  s u p p o r t  t h e  e x p e c t e d  n i t r o g e n - f e r t i l i z a t i o n  

g ro w th  r e s p o n s e , g r e a t e r  y i e l d  and c o n s e q u e n t  g r e a t e r  n i t r o g e n  and 

p h o s p h o ru s  u p t a k e ,  by t h e  f i r s t  g r o w t h .  The y i e l d  and t o t a l  u p t a k e  

p a r a m e t e r s  ( t h e  .upper  g r a p h s  o f  F i g u r e s  5 ,  6 , 9 and 11)  i n c r e a s e  s i g ­

n i f i c a n t l y  d u r i n g  t h e  s e c o n d  g ro w th  i n d i c a t i n g  e i t h e r  a  r a t h e r  sudden  

i n c r e a s e  i n  s o i l  f e r t i l i t y  d u r i n g  t h e  s e c o n d  g row th  o r  p l a n t  g ro w th
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i n h i b i t i o n  by a t r a n s i e n t  s o i l  f a c t o r  d u r i n g  the '  f i r s t  g r o w t h ,  A sudden  

i n c r e a s e  i n  s o i l  f e r t i l i t y  l e v e l s  seems u n l i k e l y  s i n c e  no f e r t i l i z e r s  o r  

amendments  w e re  a p p l i e d  b e tw e e n  h a r v e s t s ,  n o r  were  any  c u l t u r a l  p r a c ­

t i c e s  changed* I f  t h e  s e c o n d - h a r v e s t  d a t a  may be c o n s i d e r e d  a t r u e r  

r e p r e s e n t a t i o n  o f  s o i l  f e r t i l i t y  o r  p o t e n t i a l  y i e l d ,  and t o t a l , u p t a k e  

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

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

t h e s e  d a t a  p a r a m e t e r s  in. t h e  f i r s t  h a r v e s t »

The most  l i k e l y  s o i l  f a c t o r  t h a t  seems t o  f i t  t h e  d a t a  may be 

s a l i n i t y  e f f e c t s  due t o  s a l t  a c c u m u l a t i o n .  The o v e r a l l  e f f e c t s  of. h i g h  

s a l i n i t y  a r e  g e r m i n a t i o n  r e d u c t i o n  and. g ro w th  i n h i b i t i o n , .  When s a l t s  

a r e  added  t o  s o i l  as  a c o n s t i t u e n t  . of ,  m anu re ,  ^one e x p e c t s  s a l t  accumu­

l a t i o n  and s a 1  i n  i t  y  e f  f e e t  s. t o  i n c r e a s e  i n  p r o p o r t i o n  t o  manur  i n g  r a t e , . ;  . 

I f  t h e  s e c o n d - h a r v e s t  d a t a  may be assumed t o  be an  a c c u r a t e  i n d i c a t i o n  

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

t h e  e x p e c t e d  b e n e f i c i a l  e f f e c t s  o f  manuring: ;  t h a t  i s ,  h i g h e r  y i e l d s  i n  

t h e  f i r s t  h a r v e s t .  I n  f a l l o w e d  l a n d s  s o l u b l e  s a l t s  do n o t  t e n d  t o  move : 

downward w i t h o u t  p r e c i p i t a t i o n  o r  i r r i g a t i o n , ; Under  h i g h  e v a p o r a t i o n  

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

s u r f a c e .  The c u l t u r a l  p r a c t i c e  o f  " b e d d i n g  u p Tf f o r  f u r r o w  i r r i g a t i o n  

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

With  p r o p e r  i r r i g a t i o n  m anagemen t , s a l i n i t y  e f f e c t s  a r e  t r a n s i e n t  and 

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

o f  t h e  s u r f a c e  s a l t  a c c u m u l a t i o n  z o n e ,  '

Of t h e  two h a r v e s t s ,  t h e  s e c o n d - h a r v e s t  d a t a  seems t o  be t h e  

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

t h e  d a t a  shows m i n i m a l ,  i f  any ,  g r o w t h - i n h i b i t i n g  o f  y i e l d - d e p r e s s i n g  

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

t o  s e e d i n g  do e s  n o t  a p p e a r  t o  e x e r t  any  d i s c e r n a b l e  i n f l u e n c e  upon y i e l d  

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

Cropped S e c t i o n . S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  

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

l o w e r  h i s t o g r a m s  o f  F i g u r e s  5 ,  6 , 8 , 9 and 11 show t h a t  t h e  d i f f e r e n c e s  

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

p a r a m e t e r s  r e s u l t  f rom  d e c r e a s e d  p a r a m e t e r  l e v e l s  o f  t h e  s e cond  h a r v e s t .  

A f t e r  two y e a r s  o f  d o u b l e - c r o p p i n g  w i t h o u t  f e r t i l i z a t i o n  o t h e r  t h a n  

m a n u r i n g ,  one  a n t i c i p a t e s  low s o i l  n i t r o g e n  f e r t i l i t y  due  t o  Crop r e -  

m ova l ,  l e a c h i n g  and den  i t  r  i  f i e  a t  i o n , • e s p e c i a l l y  f o r  t h e  l o w e r  manure  * 

l o a d i n g  r a t e s ,  w h ich  may be d e p l e t e d  s o o n e r .  The d a t a  t r e n d s  s u p p o r t  

t h e  p r e d i c t i o n  t h a t  t h e  1 0 0  l b s  NH^NOg p e r  p l o t  a p p l i c a t i o n  p r i o r  t o  

p l a n t i n g  would  p r o d u c e  a  g r e a t e r  g ro w th  r e s p o n s e ,  a s  e v i d e n c e d  by s i g ­

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

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

( l o w e r  g r a p h .  F i g u r e  10)  a p p e a r s  h i g h e r  i n  t h e  s e c o n d  h a r v e s t ,  t h e  d i f ­

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

n i f i c a n t .  I r r e g a r d l e s s ,  t h e  c r o p  a p p e a r s  t o  be w e l l  enough s u p p l i e d  

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

b a l a n c e s ,

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

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



s e c o n d - h a r v e s t 3 c r o p p e d - s e c t i o n  d a t e  seems t o . b e  a t r u e r  i n d i c a t i o n  o f  

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

A n a l y s i s  by Cropping; P a t t e r n , I n  t h i s  s e c t i o n  a c o m p a r i s o n  o f  

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

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

c ro p p e d  o r  f a l l o w e d  f o r  two y e a r s ,  upon s o i l  f e r t i l i t y  s t a t u s .  The p r e ­

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

t h e  f i r s t - h a r v e s t  d a t a  may n o t  be as  r e p r e s e n t a t i v e  a s  t h e  s e c o n d -  

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

D ur ing  t h e  f i r s t  g r o w t h ,  t h e  f a l l o w e d - s e c t i o n  p a r a m e t e r s  a p p e a r  t o  be . .

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

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

p a r a m e t e r s  o f  b o t h  c r o p p i n g  p a t t e r n s , , F u r t h e r m o r e ,  t h e r e  a r e  more s i g -  , 

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

h a r v e s t  t h a n  o f  f h e  f i r s t  h a r v e s t , P o s i t i v e  c o r r e l a t i o n s  a t  t h e  95% 

c o n f i d e n c e  l e v e l  i n c l u d e . f i e l d - g r e e n  w i t h  d r y  w e i g h t  y i e l d s ,  d r y  w e i g h t  : 

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

n i t r o g e n  u p t a k e , ,  p l a n t  p h o s p h o ru s  c o n t e n t  w i t h  t o t a l  phosphorus ,  u p t a k e  

and t o t a l ,  n i t r o g e n  u p t a k e  w i t h  t o t a l  p h o s p h o ru s  u p t a k e .  The c o r r e l a ­

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

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

as  may be a p p a r e n t  f rom  t h e  low e r  g r a p h s  o f  F i g u r e s  12 t h r o u g h  18,  I f  

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

t h e  s e c o n d  h a r v e s t  d a t a  f o r  b o t h  f a l l o w e d  and c r o p p e d  t r e a t m e n t s  may be 

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

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

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

d a t a .

A n a l y s i s  o f  v a r i a n c e  of  t h e  s e c o n d - h a r v e s t  d a t a  e s t i m a t e s  s i g ­

n i f i c a n t  d i f f e r e n c e s  b e tw e e n  f a l l o w e d  and c ro p p e d  s e c t i o n s  f o r  a l l  p l a n t  

p a r a m e t e r s .  The l o w e r  g r a p h s  o f  F i g u r e s  12,  13,  15 and 16 show t h a t  t h e  

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

t e n t  and t o t a l  n i t r o g e n  u p t a k e  v a l u e s  a r e  Tower o v e r  a l l  r a t e s  t h a n - t h e  

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

n i t r o g e n -  c o n t e n t  and t o t a l  n i t r o g e n  u p t a k e  a r e  l o w e r  o v e r  a l l  r a t e s  

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

t i o n .  The mean m o i s t u r e  c o n t e n t  ( F i g u r e  14)  o f  t h e  c r o p p e d - s e c t i o n  

S u d a n g r a s s  i s  3,35% l o w e r  t h a n  t h a t  o f  t h e  f a l l o w e d - s e c t i o n ,  w h ich  may 

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

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

m a t t e r :b i o d e g r a d a t i o n  and  s u b s e q u e n t  o x i d a t i o n  of .  o r g a n i c  n i t r o g e n  fo rm s  

t o  p l a r i t - a v a l l a b l e ;  i n o r g a n i c  f o rm s ,  one  may e x p e c t  more i n o r g a n i c  n i t r o ­

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

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

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

t h e  p l a n t - a v a i l a b l e  n i t r a t e ,  r e l e a s e d :  f rom  t h e  o r g a n i c  m a t t e r  d e g r a d a t i o n ,  

t h i s v  i n o r g a n i c • fo rm  • o f  n i t r o g e n : i s : s u s c e p t i b 1e t o  T e a c h i n g ,  d e n i t r i f i c a ­

t i o n  and  v o T a r i l i z a t  i o n  l o s s e s ,  T h e r e f o r e ,  e v e n  i f  m os t  o f  t h e  c r o p -  

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

v o l a t i l i z e d ,  n i t r o g e n  may a c c o u n t  f o r  a p p a r e n t  l o w e r  c r o p p e d r - s e c t i o n  s o i l  

n i t r o g e n  a v a i l a b i l i t y .  S o i l  n i t r o g e n  d e p l e t i o n  seems, t o  be more



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

on t h e  o t h e r  ha n d ,  i s  g e n e r a l l y  h i g h e r  o v e r  a l l  r a t e s  i n  b o t h  h a r v e s t s  

( F i g u r e  17) f o r  t h e  c r o p p e d  s e c t i o n  t h a n  f o r  t h e  f a l l o w e d  s e c t i o n ,  e v e n  

t h o u g h  s o i l  C C ^ s o l u b l e  p h o s p h o ru s  l e v e l s  a r e  l o w e r  o v e r  a l l  r a t e s  f o r  

t h e  c r o p p e d  s e c t i o n *  The s o i l  C C ^ - s o l u b l e  p h o s p h o ru s  c o n t e n t  d a t a  o f  

s o i l  s am p led  a f t e r  t h e  p r e v i o u s  c r o p  does  n o t  i n c l u d e  n o r  r e f l e c t  t h e  

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

q u e n t  c r o p  r e s i d u e  b i o d e g r a d a t i o n * . .A n o t h e r  e x p l a n a t i o n ,  f o r , h i g h e r  p l a n t  

p h o s p h o ru s  l e v e l s  and p o s s i b l y  h i g h e r  s o i l  p h o s p h o ru s  a v a i l a b i l i t y  f o r  

t h e  c r o p p e d  s e c t i o n  may be b e t t e r  c r o p p e d ^ s e c t i q n  t l i t h  r e s u l t i n g  f rom  

h i g h e r  o r g a n i c  m a t t e r  c o n t e n t .  o v e r  a l l  r a t e s v -  > B e t t e r  t i l t h  u s u a l l y  

p rom o te s  more e x t e n s i v e  r o o t  d e v e l o p m e n t w h i c h  i s  i m p o r t a n t  i n . p i a n t  . 

a c q u i s i t i o n  o f  r e l a t i v e l y -  immobil e  n u t r i e n t s ,  such- a s  ;p h o s p h o ru s *

F i n a l l y ,  h i g h e r  c r o p p e d ~ s e c t i o n  p l a n t  p h o s p h o r u s  c o n t e n t  may r e s u l t  f rom  

a b e t t e r  d e v e l o p e d  r o o t  s y s t e m  t h a n  t h e  no do u b t  s a l i n i t y  i n h i b i t e d  o r  

s t u n t e d ;  f a l l o w e d  s e c t i o n  r o o t  s y s t e m ,  as e v i d e n c e d  by t h e  f a c t  t h a t  t h e  

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

w h i l e  b e i n g  l e s s  w e l l  s u p p l i e d  w i t h  t h e ‘imm obil e  n u t r i e n t ,  p h o s p h o r u s ,  

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

e x e r t  a combined  i n f l u e n c e  upon  p l a n t  p h o s p h o ru s  c o n t e n t  and s o i l  

p h o s p h o r u s  a v a i l a b i l i t y  seems most  l i k e l y *  T h e r e f o r e , . . a l t h o u g h  t h e  

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

p a t t e r n ,  t h e  d i f f e r e n c e s  m a y :not .  be s i g n i f i c a n t l y  i m p o r t a n t  t o  t h e  c r o p  

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

c o n s i d e r s  t h a t  t h e  maximum r a n g e  of  t h e  d i f f e r e n c e s  by c r o p p i n g  p a t t e r n  

i s  o n l y  0*07%* Tha t  t h e  t o t a l  p h o s p h o ru s  u p t a k e  i s  s i g n i f i c a n t 1y
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d i f f e r e n t  b e tw e e n  f a l l o w e d  and c r o p p e d  s e c t i o n  i s  d i f f i c u l t  t o  d i s c e r n  

( l o w e r  h i s t o g r a m , . F i g u r e  18)„ M o re o v e r ,  s i m u l t a n e o u s  c o m p a r i s o n  o f  t h e  

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

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

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

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

as  a f u n c t i o n  o f  o v e r a l l  s o i l  f e r t i l i t y  s t a t u s ,  i n d i c a t e s  l o w e r  s o i l  

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

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

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

c o n t e n t  by. c r o p p i n g  p a t t e r n ,  w h i l e  t o t a l  p h o s p h o r u s •• u p t a k e  l e v e l s  and \ 

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

a b i l i t y  , i s r s u f f i c i e n t : :  f o r  higher^;. :dfcpp.e4-sect ion•^•yields•  ^than a c h i e v e d  

and i s  n o t  t h e ^ c r o p p e d - s e c t i o n ,  y i e l d - l i m i t i n g ,  f e r t i l i t y  f a c t o t v  I f  

t o t a l  p h o s p h o ru s  u p t a k e  l e v e l s . a n d  t r e n d s  a r e  assumed t o  be a n a l a g o u s  

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

n i t r o g e n . u p t a k e  and y i e l d  l e v e l s  o v e r  a l l  r a t e s , as  w e l l  as  t h e  s t r o n g  

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

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

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

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

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

: .The •:l 'O n g W tW m ^ - f e r£ i l i t y  ̂ benef  i t ; - o f ' m an u r in g  may become a p p a r e n t  

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

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

t h e  c r o p p e d - s e c t i o n  m a n u r in g  r a t e s  a t  o r  above 180 m t / h a „  Even a f t e r



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

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

same l e v e l s  as t h e  n o n -m a n u re d ,  f a l l o w e d  p l o t s ,  w h ic h  r e p r e s e n t  t h e  

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

C o n c l u s i o n s

1» A l l  manure  l o a d i n g  r a t e s  may po s e  a p o t e n t i a l  s a l i n i t y  h a z a r d .

2 .  Manure l o a d i n g  r a t e s  up t o  a b o u t  180 m t / h a  a p p e a r  t o  i n c r e a s e

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

3 e, ; M anur ing  r a i t e s  o f  - o r  , i n : excdss -  ofc 180 m t / h a  m a i n t a i n  s o i l  f e r ­

t i l i t y  s t a t u s  n e a r  o r  above  n a t i v e  s o i l  f e r t i l i t y  l e v e l s ,  even  

a f t e r  ^two y e a r s  o f  d p u b i e - c r o p p i n g .  ^

. 4 » , : A f t e r  two y e a r s  o f  d o u b l e - c r o p p i n g ,  s o i l  f e r t i l i t y  s t a t u s  i s

g e n e r a l l y  . lower o v e r  a l l  r a t e s  t h a n  a f t e r  two y e a r s  o f . f a l l o w -  

, i n g  ^.: ; , ' .  : /  % ; /  .. ' . . - . ;

5 .  S p e c i f i c a l l y ,  a f t e r . t w o  y e a r s  o f  d o u b l e - c r o p p i n g ,  low e r  o r  de^

- p l e t e d  s o i l ;  n i t r o g e n  . f e r t i l i t y  s t a t u s  seems t o  be t h e  p r i n c i p l e  - 

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

s t a t u s  s e e m s . s u f f i c i e n t  fo r .  b o t h  c r o p p i n g  p a t t e r n s »



CHAPTER 3

RESEARCH APPLICATION

Economics  e s s e n t i a l l y ,  g o v e r n s  modern c o m m e rc i a l  a g r i c u l t u r a l  

p r o d u c t i o n .  Com m erc ia l  f a r m  management s e e k s  t o  m ax imize  economic 

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

c o s t s *  ■ F e r t i l i z a t i o n  econom ics  demands t h a t  f e r t i l i z e r s  be c h o s e n  and . 

a p p l i e d  on a m in im a l  c o s t  p e r  u n i t  n u t r i e n t  o r  y i e l d  b e n e f i t  b a s i s  

s i n c e  maximum, p r o f i t  i s  o b t a i n e d  when t h e  added  y i e l d  r e t u r n  j u s t  e q u a l s  

t h e  c o s t  o f  t h e  l a s t  i n c r e m e n t  o f  f e r t i l i z e r *  Manure b u l k i n e s s ,  v a r i ­

a b i l i t y  i n  m o i s t u r e  and n u t r i e n t  c o n t e n t ,  g e n e r a l l y  low n u t r i e n t  a n a l ­

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

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

t i v e  e c o n o m ic  v a l u e .  R e c e n t  f a rm  b u d g e t i n g  i n f o r m a t i o n  ( H a th o r n  and 

C l u f f  1 9 7 8 ) . f o r  c o m m e rc i a l  a g r i c u l t u r a l  p r o d u c t i o n  i n  s o u t h e a s t e r n  

A r i z o n a  i l l u s t r a t e s  t h e  econom ic  n p n e o m p e t i t i v e n e s s  of. manure  as com- 

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

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

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

The s o i l  f e r t i l i t y  a n a l y s i s  i n d i c a t e s  t h a t  t h e  180 m t / h a . s t e e r  

manure l o a d i n g  r a t e  may p r o v i d e  o p t i m a l  l o n g - t e r m  f e r t i l i t y  b e n e f i t  f o r  

two y e a r s  o f  s m a l l  g r a i n  d o u b l e - c r o p p i n g  ( tw o  c r o p s  o f  - g r a i n  sorghum 

and two c r o p s  o f  b a r l e y ) * Based on H a t h o r n  and C l u f f 1s 1978 b u d g e t  d a t a ,  

t h e  c o s t  f o r  t h e  180 m t / h a  manure  f e r t i l i z a t i o n  i s  a b o u t  $ 8 3 0 / h a ,  w h i l e

. 51 .
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t h e  combined c o s t  o f  i n o r g a n i c  f e r t i l i z e r  f e r t i l i z a t i o n  f o r  two c r o p s  

o f  g r a i n  sorghum and two c r o p s  o f  b a r l e y  i s  a b o u t  $260 / h a .  Commerc ial  

f a rm  management s i m p l y  c a n n o t  j u s t i f y  more t h a n  t r i p l i n g  f e r t i l i z a t i o n  

i n p u t  c o s t  by u s i n g  manure i n s t e a d  o f  i n o r g a n i c  f e r t i l i z e r ,  p a r t i c u -  ■ 

l a r l y  when o p e r a t i n g  u n d e r  p r e s e n t - d a y ,  m a r g i n a l ,  e conomic  p r o f i t  c o n ­

d i t i o n s  » F u r t h e r m o r e ,  p o t e n t i a l  h a z a r d s  and management  p r ob le m s  make 

m a n u r i n g  e v e n  l e s s  a t t r a c t i v e  t o  c o m m e rc i a l  a g r i c u l t u r e ,

By t h e  same t o k e n ,  econom ics  c r e a t e  a c o n s i d e r a b l e . w a s t e  d i s ­

p o s a l  p r o b le m  f o r  c o m m e rc i a l  f e e d l o t  m anagem en t» However ,  manure d i s ­

p o s a l  and r e c y c l i n g  as  f e r t i l i z e r  i n  a c r o p p i n g  s y s t e m  on'  a d j a c e n t  ... 

a c r e a g e  may, be more e c o n o m i c a l l y  a t t r a c t i v e  t o  f e e d l o t  management t h a n :  

t o  c o m m e rc i a l  .farm management .  M a n u r e - u t i l i z a t i o n  i n  t h i s  manner  S e r v e s  

two . .purposes  s i m u l ' t a n e o u s l y - ^ m a n u r e  d i s p p s a l  and s o i l  f e r t i l i z a t i o n  f o r  : 

maximum y i e l d  p r o d u c t i o n  o f  c r o p s  w h i c h : C a n  b e ' u s e d  f o r  a n im a 1 consump- . 

■tion-. .. The key. f a c t o r  i s  t h e , t r a n s p o r t a t i o n  d i s t a n c e  f rom  t h e  f e e d l o t  

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

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

and s p r e a d i n g . c o s t s  may be m in im a l  w h i l e  f e r t i l i t y  b e n e f i t s  may be 

o p t i m a l ,  ..

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

d e a l  w i t h  p o t e n t i a l  h a z a r d s  t h a t  may a r i s e  f rom s t e e r  manure  l o a d i n g  . 

r a t e s  as  h i g h  as  180 m t / h a .  Under  i r r i g a t e d  a g r i c u l t u r a l  p r o d u c t i o n ,  

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

h e a v y  p r e - p l a n t  i r r i g a t i o n  and t o l e r a n t  c r o p  s e l e c t i o n  a r e  management  

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

s e e d l i n g  damage and l o s s e s  due t o  s a l i n i t y ,  ammonia,  l i t h i u m ,  b o r o n  o r
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o t h e r  m i c r o n u t r i e n t  t o x i c i t i e s „ Under  d r y - l a n d  a g r i c u l t u r a l  p r o d u c t i o n ,  

ho w e v e r ,  such  h i g h  s t e e r  manure l o a d in g ,  r a t e s  may n o t  be a d v i s a b l e  s i n c e  

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

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

F i n a l l y ,  c r o p s  may a c c u m u l a t e  n i t r a t e  when grown on s o i l s  c o n -  

t a i n i n g  n i t r o g e n  i n  e x c e s s  o f  p l a n t  n u t r i t i o n a l  r e q u i r e m e n t s ,  as  may be 

t h e  c a s e  w i t h  h e a v i l y  m anured-  s o i l s A l t h o u g h  n i t r a t e  a c c u m u l a t i o n  may 

n o t  be i n j u r i o u s . t o  t h e  c r o p ,  h igh ;  l e v e l s  o f  p l a n t  t i s s u e  n i t r a t e  may.: 

c a u s e  n i t r a t e  p o i s o n i n g  when f e d  t o  l i v e s t o c k  ( B r a d l e y ,  Eppsoh,  and 

Death  1940s and D a v i s o n  1966)» Even t h o u g h  t o x i c i t y  l e v e l s  o f  p l a n t  

m a t e r i a l  n i t r a t e  c o n t e n t  r e s u l t i n g  f rom  h i g h  m an u r in g  r a t e s  are .  i n c l u d e d  

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

u e s ,  w h ic h  seem t o  v a r y  w i t h  a n im a l  s p e c i e s .  L i m i t i n g  s o i l  s u l f u r  s u p ­

p l y  may a c c e n t u a t e  n i t r a t e  a c c u m u l a t i o n  i n  p l a n t  t i s s u e s  ( O d e l i e n  1 9 6 3 ) ,  

O d e l i e n  (19 6 3 )  c o n c l u d e s ,  t h a t  t h e  d a n g e r  of  a n im a l  n i t r a t e  p o i s o n i n g  

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

r a t i o  (N :S)  i n  t h e  p l a n t  m a t e r i a l  i s  m a i n t a i n e d  b e tw e e n  1 0 : 1  and 2 0 : 1  

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

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

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

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



APPENDIX A

SOIL PARAMETER DATA

T a b l e  A - I .  T o t a l  o r g a n i c  c a r b o n  c o n t e n t  o f  t h e  s u r f a c e  30 cm of  
c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure a t  v a r i o u s
l o a d i n g  r a t e s  
two y e a r s '

and f a l l o w i n g  o r d o u b l e  c r o p p i n g f o r

S t e e r  Manure R e p l i c a t i o n s
L o a d in g  R a t e  I  

mt / h a
: i i

.C-—%
I I I IV Mean .

0 0 . 5 6
F a l l o w e d  

0 ,5 7  0 . 4 0 0 . 4 4  • ■ 0 .4 9

4 4 . 8 0 . 5 6 0 . 6 1 0 . 5 5 ' 0 . 5 1 0 .5 6

1 3 4 . 4 0 . 7 4 0 . 8 3 0 . 7 5 0 . 7 8 0 /7 8

: 1 7 8 .2 0 . 8 0 : 0 . 8 6 0 .8 6 0 . 9 3  : 0 . 8 6

. 2 2 4 .0 0 . 9 8 0 . 9 3 0 . 9 6 0 . 9 6 0 .9 6

4 4 8 .0 1 .2 7 1 .5 1 1 . 6 0 1 . 4 4 1 .4 6

Cropped

0 0 ,6 6 0 .5 6 0 . 5 1 0 . 5 7 0 .5 8

4 4 . 8 0 . 7 6  . 0 . 7 7 0 . 6 5 . 0 ,7 9 0 . 7 4

1 3 4 . 4 0 .9 2 0 . 8 4 0 . 8 5 0 . 9 1 0 . 8 8

1 7 8 .2 0 . 9 3 1 , 0 0 1 .0 7 1 . 0 0 1 .0 0

2 2 4 . 0 1 .0 8 1 . 1 0 1 .1 6 1 .0 6 1 . 1 0

4 4 8 . 0 1 , 5 6 1 .5 6 1 . 5 0 1 .4 2 1 .5 1

54
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T a b l e  A - 2 . S o i l  C O ^ - s o l u b l e  p h o s p h o r u s  c o n t e n t  o f  t h e  s u r f a c e  
30 cm o f  c l a y  loam a f t e r  r e c e i v i n g  s t e e r  m anure  a t  
v a r i o u s  l o a d i n g  r a t e s  and f a l l o w i n g  o r  d o u b l e  
c r o p p i n g  f o r  two y e a r s

S t e e r  Manure - R e p l i c a t i o n s Mean
L o a d in g  R a t e  

mt / h a
•I.".-. I I

P~
I I I  ■

-ppm
IV

0 1 . 0 0
F a l l o w e d  

. 0 . 8 5  1 . 6 3 1 . 1 8 1 .1 7

4 4 . 8 4 , 5 0 1 0 .9 8 2 .9 5 0 . 9 0 . 4 .8 3

1 3 4 . 4 1 3 .1 8 1 3 .5 0 1 0 ,7 5 1 5 .6 3 1 3 ,2 7

1 7 8 ,2 2 0 .8 8 2 2 .5 0 2 4 . 5 0 . 2 0 . 3 3 ' 2 2 ,0 5

2 2 4 . 0  : 2 5 .2 5 2 8 .7 5 2 9 . 2 5 3 1 . 5 0 v 28 .6 9

4 4 8 ,0 5 0 . 5 0 4 6 . 5 0  : 3 3 . 5 0 4 0 .3 8 4 2 .7 2

Cropped

0 0 . 9 3 0 . 5 0 0 .9 5 0 .79

4 4 , 8 5 i00 3 . 0 0 6 . 0 0 3 . 2 0  . 4 .3 0

1 3 4 . 4 9 .7 5 5 . 8 3  . 7 . 8 8 6 , 0 0 7 .3 7

1 7 8 .2 1 3 . 0 0 1 4 .8 3 1 9 . 7 0 1 6 .7 5 1 6 .0 7

2 2 4 .0 2 0 . 1 3 2 3 .2 5  . 2 5 .2 5 1 9 .8 8 2 2 ,1 3

4 4 8 ,0 4 1 . 0 0 4 9 .6 3 3 6 . 8 8 4 0 .1 3 4 1 . 9 1



APPENDIX B

PLANT PARAMETER DATA

T a b l e  B - l ,  F i e l d - r g r e e n  w e i g h t s  o f  two s a m p l i n g s  o f  S u d a n g r a s s  
grown on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure  a t  
v a r i o u s  l o a d i n g  r a t e s  and f a l l o w i n g  f o r  two y e a r s

S t e e r  M a n u re . 
L o a d i n g  R a t e  

mt / h a
I

R e p l i c a t i o n s  
I I  0 H I  

g /m2
IV ■ Mean .-

0 1820
Sampled 8 / 2 / 1 9 7 6  
197 0 —— : 1750 : 1847 -

4 4 .8 : 2255 1680 1645 2070 1913

. 1 3 4 . 4 V. 1550 • 1745 .. 2390 . 2300 ' 1996

. 178 .  2 ; > 2195 ■ 1840 2050 2500 2146

2 2 4 .0 1875 2200 2140 2590 2201

448 o0 2300 2525 2560 , ,, 2570 2489

: ; V ;
2460

Sampled 9 / 1 4 / 1 9 7 6  
2050 2620 2100 2308

4 4 .8 2770 2510 2070 2430 2445

1 3 4 . 4 3110 2060 3260 3240 2918

1 7 8 .2 4930 3190 3510 2900 3633

2 2 4 . 0 4115 3410 3780 3490 3699 .

4 4 8 . 0 4470 3955 3800 3685 3978

56
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T a b l e  B~2. F i e l d - g r e e n  w e i g h t s  o f  two s a m p l i n g s  o f  S u d a n g r a s s  
grown on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure  a t  
v a r i o u s  l o a d i n g  r a t e s  and d o u b l e - c r o p p i n g  f o r  two 
y e a r s

S t e e r  Manure 
L o a d in g  R a te  

mt / h a
Y I

. R e p l i c a t i o n s  
. I I  , 2 I I I  

g/m :
. IV . Mean

0 1490
Sampled 8 / 2 / 1 9 7 6  
1770 .1808 ; 1720 1697

4 4 . 8 1980 1770 1935 1860 1886 • ,

1 3 4 . 4 2520 . 1850 2675 2300 Y 2336

1 7 8 . 2 2640 2510 2450 2670 2568

2 2 4 . 0 2800 3050 3200 3070 3030

4 4 8 .0 2390 3290 2575 " 2430 2671

0 , 1300
Sampled 9 / 1 4 / 1 9 7 6  

590 740 680 . 828

4 4 .8 ' 1440 810 1330 940 1130

1 3 4 . 4 1770 1780 1400 "  . 1650

1 7 8 .2 2470 1990 2850 1630 2235

2 2 4 . 0 2675. 2330 2980 2380 2591

4 4 8 ,0 2330 , 2345 2700 2940 2579
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T a b l e  B-3 ,  Dry w e i g h t s  .of two s a m p l i n g s  o f  S u d a n g r a s s  grown on 
c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure a t  v a r i o u s  
l o a d i n g  r a t e s  and f a l l o w i n g  f o r  two y e a r s

S t e e r  Manure 
L o a d in g  R a te  

mt / h a
I

R e p l i c a t i o n s  
I I  9 I I I  

. g / m  .

IV Mean

0 176 .
Sampled 8 / 2 / 1 9 7 6  
183 252 . 266 218

4 4 . 8 210 204 188 296 225

1 3 4 . 4 174 194 181 242 223

1 7 8 .2  . 228 - 168 201 240 209

2 2 4 . 0 208 222 271 284 246

4 4 8 . 0 223 287 185 310 251

0 349
Sampled 9 / 1 4 / 1 9 7 6  
243 395 299 322

4 4 , 8 351 340 313 363 . 342

1 3 4 . 4 398 321 445, 451 404

1 7 8 .2 631 443 463 534 518

2 2 4 . 0 624 474 468 490 514

4 4 8 .0 578. 558 509 410 514
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T a b l e  B-4 .  Dry w e i g h t s  o f  two s a m p l i n g s  o f  S u d a n g r a s s  grown 
on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure a t  
v a r i o u s  l o a d i n g  r a t e s  and d o u b l e - c r o p p i n g  f o r  
two y e a r s

S t e e r  Manure R e p l i c a t i o n s , .
L oa d ing  R a te  

mt / h a  •
I • 1 1  - o

g/m
I I I  ■- ' IV . Mean

. 241: :
Sampled 8 / 2 / 1 9 7 6  

, 269 208 7 U  239

: . 44v8\ :  : : : :  y 281 ; 240' v" 349 ' . 7 / •: 256 - - 282 " ;7 . y 7,"

: 1 3 4 . 4 368 2727 320 326 322

■ 178:.2V 7 ' 387 ; .316  7 y ■ V 245 'y  . ; 362 1  328:; v ,

2 2 4 . 0  : 313 401 343 428 371 :

4 4 8 .0 315 7 404 312 288 330

/  0 180 7
Sampled 9 / 1 4 / 1 9 7 6  
136 174 212 176

4 4 .8 . 267 188 - 227 7: 241 231

1 3 4 . 4 319 261 .7 246 229 264

17 8 .2 288 198 420 362 317

2 2 4 . 0 370 367 , 443 251 358 7

4 4 8 .0 /  415 ; 280 ' 350 ■: 414 365
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T a b l e  B-S ,  M o i s t u r e - c o n t e n t  o f  two s a m p l i n g s  o f  S u d a n g r a s s  grown 
on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure  a t  v a r i o u s  
l o a d i n g  r a t e s  and f a l l o w i n g  f o r  two y e a r s

S t e e r  Manure 
L o a d i r i g . R a t e  - ' 

mt / h a : A 1;
Re p i  i c  a t  
I I

' H20 - -

i o n s . A 
I I I  .

<7 ■ A1 , . 
to  .

: i v  : . Mean

0 9 0 . 3 2
Sampled 8 / 2 / 1 9 7 6  
9 0 . 7 1 8 4 .8 0 88 .61

4 4 .8  ' 9 0 .6 9 87 .8 6 8 8 .5 7  ' 00 Vi o 8 8 .21

1 3 4 . 4  . 8 8 . 7 2 8 8 .8 8 9 2 .4 3 ' 8 9 .4 8 89 .89

: 1 7 8 .2 00 VO M 9 0 .8 7 9 0 .1 9 9 0 . 4 0 9 0 .2 7

2 2 4 .0 8 8 .9 1 8 9 .9 1 8 7 . 3 4 8 9 ,0 3 8 8 ,8 0

4 4 8 .0 9 0 . 3 0 8 8 .6 3 9 2 . 7 7 8 7 , 9 4 89 .91

0 :g 00

Sampled 9 / 1 4 / 1 9 7 6  
8 8 .1 5  8 4 ,8 9 8 5 .7 6 . 86 .15

.44.8 8 7 . 3 3 86 .4 5 8 4 .8 8 8 5 .0 6 85 .93

1 3 4 .4 8 7 . 2 0 8 4 .4 2 8 6 .3 5 8 6 .0 8 A 86 ,0 1

1 7 8 .2 8 7 .2 0 8 6 .1 1 8 6 .8 1 81 .5 9 85 .4 3

2 2 4 . 0 8 4 . 8 4 8 6 .1 0 . 8 7 .6 2 8 5 .9 6 8 6 .1 3

4 4 8 . 0 8 7 .0 7 85 .8 9 . 8 6 .6 1 8 8 .8 7 87 .11
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T a b l e  B-6 .  M o i s t u r e  c o n t e n t  of  two s a m p l i n g s  o f  S u d a n g r a s s  grown 
on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure  a t  v a r i o u s  
l o a d i n g  r a t e s  and d o u b l e - c r o p p i n g  f o r  two y e a r s

S t e e r  Manure . R e p l i c a t i o n s
L o a d i n g  R a t e  

mt / h a
I I I -

HgO--
I I I  .

%
IV Mean

0 8 3 ,8 2
Sampled 8 / 2 / 1 9 7 6  
8 4 .8 0  8 8 . 5 0 . 8 6 .2 2 8 5 . 8 4

\  4 4 .8 : 8 5 ,8 1 8 6 . 4 4 8 1 .9 6 8 6 . 2 4 8 5 .1 1

1 3 4 . 4 8 5 , 4 0 8 5 ,3 0 8 8 . 0 4 8 5 .8 3 8 6 .1 4

17 8 .2 8 5 , 3 4 8 7 .4 1  ■ 9 0 . 0 0 8 7 . 7 2 87 .6 2

2 2 4 .0 8 8 .8 2 ■ ' 86 .85 8 9 .2 8 8 7 .9 2 8 8 ,2 3

4 4 8 .0 - 8 6 .8 2 8 7 .7 2 8 7 . 8 8 - 88 .1 5 8 7 .6 4

0 8 6 . 1 5
Sampled 9 / 1 4 / 1 9 7 6  
76 .95  : 76 .4 9 6 8 .8 2 7 7 .1 0

4 4 .8 , 8 1 .4 6 7 6 .7 9 8 2 .9 3 7 4 .3 6 78.89

1 3 4 . 4 8 1 .9 8 8 5 . 3 4 8 2 .4 3 83 .25

17 8 .2 8 8 . 3 4 9 0 .0 5 8 5 .2 6 7 7 .7 9 85 .3 6

2 2 4 . 0 8 6 .1 7 84 .25 8 5 .1 3 8 9 .4 5 86 .2 5

4 4 8 .0 82 .1 9 88 .0 6 8 7 . 0 4 8 5 . 9 2 85 .8 0
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T a b l e  B-7 .  N i t r o g e n  c o n t e n t  of  two s a m p l i n g s  o f  S u d a n g r a s s  grown 
on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure a t  v a r i o u s  
l o a d i n g  r a t e s  and f a l l o w i n g  f o r  two y e a r s

S t e e r  Manure: : R e p l i c a t i o n s
L o a d in g  Rate:  

m t / h a
I I I

N--/c
I I I IV Mean

° ; 1 .8 2
Sampled 8 / 2 / 1 9 7 6  
1 .3 1  1 .8 2 1 . 8 0 1 .69

4 4 . 8 2 .0 9 2 .1 0 1 . 3 4 1 .8 1 1 . 8 4

' 1 3 4 . 4  , 1 . 8 4 2 . 2 0 2 . 0 8 1 . 9 8 2 .0 2  ;

1 7 8 .2 ■ 2 .3 5 2 . 2 3 1 .9 2 2 . 0 3 2 .1 3

2 2 4 ,0  ' ; 2 . 3 2 1 . 9 0 2 .0 1 1 .9 5 2 .0 5

4 4 8 .0  ,  : 2 . 3 1 1 . 8 8 2 . 1 3  . 1 . 9 1  . 2 . 0 6

0  '
1 . 4 3  .

Sampled 9 / 1 4 / 1 9 7 6  
1 . 5 3  1 .3 9 1 . 2 3 1 .3 9

4 4 .8 1 .4 9 1 .4 6 1 . 3 0 1 . 3 4  . 1 . 4 0  .

1 3 4 .4 1 .5 6 1 .4 8 1 .3 7 1 .2 7 1 .4 2

17 8 .2 - - 1 .3 6 1 .5 3 1 . 3 3 1 .4 1

2 2 4 .0 1 .4 1 1 .4 5 1 .4 9 1 .4 7 1 .4 6

4 4 8 .0 1 .5 9 . 1 . 5 0 1 .3 9 1 . 6 2 1 .5 8  ;
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T a b l e  B -8 ,  N i t roge n ,  c o n t e n t  o f  two s a m p l i n g s  o f  S u d a n g r a s s  grown 
on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure  a t  v a r i o u s  
l o a d i n g  r a t e s  and. d o u b l e - c r o p p i n g  f  o r  two y e a r s

S t e e r  Manure R e p l i c a t i o n s
L o a d in g  R a te  

mt / h a
I I I

N-—?
I I I IV. " M ean '

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

. 4 4 . 8  . 1 .2 9 . 1 .2 9 1 .1 3 1 .2 9 ' ; 1 .2 5

1 3 4 . 4  . 1 . 2 0 1 .2 0  - ■ 1 . 3 3  /  : 0 . 9 6 : 1 .17 :

1 7 8 .2 1 .3 5 1 .1 9 . 1 . 3 4 1 .2 3 1 .2 8

2 2 4 . 0 1 .1 3 1 .5 5 1 . 3 8 1 . 3 4 : 1 .3 5

' 4 4 8 . 0 1 .7 5 1 . 7 3 1 . 7 1 1 . 5 0 1 . 6 7 :

d. 1 .2 6
Sampled 9 / 1 4 / 1 9 7 6  
0 . 9 2  , 0 . 8 7  . . 0 . 7 6 0 .9 5

4 4 . 8 1 .1 6 , 0 .9 9 1 . 1 4 1 . 1 0 1 .1 0

1 3 4 . 4  . 1 . 2 8 1 .0 7 , 1 . 1 3 1 . 2 0 1 .17  ...

1 7 8 .2 1 .3 3 1 .4 2 1 . 3 4 1 .3 9 1 .3 7

2 2 4 . 0 1 .6 1 1 . 3 4 1 . 4 4 1 .4 5 1 .4 6

4 4 8 .0 1 .6 6 1 .5 7  ■ 1 .5 1 1 .4 9 ; 1 .5 6
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T a b l e  B - 9 . T o t a l  n i t r o g e n  u p t a k e  p e r  s q u a r e  m e t e r  o f  two s a m p l in g s  
o f  S u d a n g r a s s  grown on c l a y  loam a f t e r  r e c e i v i n g  s t e e r
manure a t  v a r i o u s  l o a d i n g  r a t e s  and f a l l o w i n g f o r  two
y e a r s

S t e e r  Manure R e p i i c a t i o n s
L o a d in g  R a te  

m t / h a
i 11 2 gN/m

I I I IV Mean

' V 3 .1 9
S ampled 8 / 2 / 1 9  7 6 
2 .3 9  4 .5 9 4 .7 9 3 . 7 4

. 4 4 .8 4 .3 8 4 .2 8 2 . 5 2 5 . 3 8 . 4 . 1 4  .

1 3 4 .4 3 . 2 0 4 .2 6  , : 5 / 8 4  /  y: : 4 . 7 9 - 4 .5 2

1 7 8 . 2 -  ' 5 . 3 5 3 . 7 4  . /  3 . 8 7 4  ( 4 .8 7 4 .4 6

, 2 2 4 .0 4 .8 2 4 . 2 4 5 . 4 6 5 . 5 2 5 . 0 1

4 4 8 .0 5 . 1 5 5 . 4 0 3 . 9 4 5 . 9 2 5 . 1 0

o . ; y 4 . 9 7
Sampled 9 / 1 4 / 1 9 7 6  
3 . 7 2  4 . 8 3 3 .6 6 4 . 3 0

. 4 4 .8 5 . 2 3 . . 4 . 9 8  . . 4 . 0 6 4 .8 8 4 .7 9

1 3 4 .4 6 .2 2 ■ .4,75-. 6 . 1 1  . 5 . 7 3 . 5 . 7 0  . .

1 7 8 .2 6 . 0 1 7 . 1 1 7 . 1 0 6 . 7 4

2 2 4 .0 8 .7 9 6 . 8 8 6 . 9 7 7 . 2 1 7 .46

' 4 4 8 . 0 9 . 2 1 8 .4 0 7 .0 6 6 . 6 3 7 .8 3
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T a b l e  B - 1 0 . T o t a l  n i t r o g e n  u p t a k e  p e r  s q u a r e  m e t e r  o f  two s a m p l in g s  
o f  S u d a n g r a s s  grown on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  
manure  a t  v a r i o u s  l o a d i n g  r a t e s  and d o u b l e - c r o p p i n g  f o r  
two y e a r s

S t e e r  Manure . . 
L o a d in g  Rate, 

m t / h a  . ■.
I

R e p l i c a t i o n s  
, I I  £ 111 

gN/m
IV Mean

0 3 . 5 1
Sampled 8 / 2 / 1 9 7 6  
2 . 6 7  2 . 5 7 3 .2 9 3 ,0 1

4 4 .8 3 . 6 2 3 .1 1 3 . 9 2 3 . 3 0 3 ,4 9

1 3 4 . 4 4 . 4 1 3 .2 6 4 . 2 7  : 3 . 1 4 3 .7 7

1 7 8 .2 5 . 2 1 3 . 7 8 3 . 2 8 4 . 4 4 4 . 1 8

2 2 4 . 0  v V 3 . 5 3 6 . 2 0 ■ 4 . 7 4 5 .7 5 5 . 0 6

4 4 8 .0 . 5 . 5 1 7 .0 1 5 . 3 4 4 ,3 2 5 ,5 5

; o 2 .2 6
Sampled 9 / 1 4 / 1 9 7 6  
1 .25  1 .5 2 1 . 6 1 1 .6 6

4 4 . 8 3 .0 9 1 .8 6 2 . 5 8 2 .6 5 2 .5 5

1 3 4 .4 4 . 1 0 2 ,7 8 2 .7 9 2 . 7 5 3 .1 1

1 7 8 .2 3 . 8 4 2 .8 1 5 . 6 1 5 . 0 4 4 .3 3

224.0, 5 . 9 7 4 . 9 2 6 . 3 6 3 . 6 4 5 .2 2

4 4 8 . 0 6 . 8 8 4 ,4 0 5 . 3 0 6 . 1 6 5 . 6 9
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T a b l e  B ~ l l , P h o s p h o r u s  c o n t e n t  o f  two s a m p l i n g s  o f  S u d a n g r a s s  
grown on c l a y  loam a f t e r  r e c e i v i n g  s t e e r  manure  
a t  v a r i o u s  l o a d i n g  r a t e s  and f a l l o w i n g  f o r  two 

' y e a r s

S t e e r  Manure 
L o a d in g  R a t e  

mt / h a
I

R e p l i c a t i o n s  
. I I  . I l l ■ IV Mean

0 ;v 0 . 0 8
Sampled
0 .0 9

8 / 2 / 1 9 7 6
0 . 1 0 0 . 0 8 0 .0 9

-  4 4 , 8  : 0 . 0 7 0 . 0 8 0 .0 7 . 0 .0 8 0 .0 8

1 3 4 . 4  :• - 0 . 0 7 0 .0 8 0 .0 8 0 . 0 7 0 .0 8

1 7 8 .2 0 .0 8 0 . 0 8 0 . 0 8 0 , 0 9 0 . 0 8

: 2 2 4 .0 0 . 0 8 0 ,0 9 0 . 0 9 0 ,0 9 0 .09

4 4 8 , 0 0 . 1 0 0 .09 0 .0 9 0 .0 9 0 .09

. 0 . 0 8
Sampled 9 / 1 4 / 1 9 7 6  
0 .0 9  0 . 0 8 0 . 0 7 0 .0 8

4 4 . 8 0 . 1 0 0 .0 7 0 . 1 0 0 .0 9 0 .0 9

1 3 4 . 4 . 0 . 0 8 0 . 1 0 0 .0 7 0 .0 8 0 .0 8

1 7 8 .2 — 0 . 0 7 0 .0 7 0 . 0 8 0 .0 7

2 2 4 . 0 0 . 0 8 0 .0 9 0 . 0 8 0 . 0 7 0 .0 8

4 4 8 .0 0 .1 1 0 . 0 8 0 ,0 7 0 . 0 9 0 .09  .
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T a b l e  B - 1 2 „ Pho s p h o ru s  c o n t e n t  o f  two s a m p l i n g s  o f  S u d a n g r a s s  
grown on c l a y  loam a f t e r  r e c e i v i n g  s t e e r - m a n u r e  
a t  v a r i o u s  l o a d i n g  r a t e s  and d o u b l e - c r o p p i n g  f o r  
two y e a r s

S t e e r  M a n u r e . 
L oa d ing  R a t e  

m t / h a
. I

R e p l i c a t i o n s  
I I  • I l l  .

P—%
IV Mean

0 .0 9
Sampled 8 / 2 / 1 9 7 6  

; 0 .09  ■ 0^10 ; r 0 . 0 7 ' 0 .0 9

4 4 . 8 0 . 0 8 0 . 1 0 0 . 9 0 0 . 1 2 : :  0 . 1 0

1 3 4 , 4 . . 0 . 1 2 ■: 0 , 0 9 ; : 0 . 1 4  , - 0 . 1 2  ' 0 . 1 2  ,

- 1 7 8 .2 0 . 1 1 0 .09 -  ; 0 . 1 5 0 . 1 4 : 0 . 1 2  : /

2 2 4 . 0 0 . 1 0 0 . 1 1 ■ 0 . 1 2 0 . 1 2 0 .1 1

4 4 8 .0 0 .1 3 0 .1 1 0 . 1 3 0 . 1 4 0 .1 3  :

0 0 . 1 0
Sampled 9 / 1 4 / 1 9 7 6  
0 . 1 0  0 . 1 0 0 . 1 0 >  o . i d

4 4 ,8 0 . 1 2 0 . 1 2 0 . 1 3 . 0 . 1 2 0 .1 2

1 3 4 . 4 0 . 1 3 0 . 1 4 0 . 1 5 0 .1 2 0 . 1 3

1 7 8 .2  . 0 . 1 2 0 . 1 8 0 . 1 2 0 .1 1 0 . 1 4

2 2 4 .0 0 . 1 3  / 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1 2

. 4 4 8 . 0 • 0 .0 9 . 0 .1 1 0 . 1 3 0 . 1 1 : 0 .1 1
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T a b l e  B - 1 3 , T o t a l  p h o s p h o r u s  u p t a k e  p e r  s q u a r e  m e t e r  o f  two 
s a m p l i n g s  o f  S u d a n g r a s s  grown on c l a y  loam a f t e r  
r e c e i v i n g  s t e e r  manure  a t  v a r i o u s  l o a d i n g  r a t e s  
and f a l l o w i n g  f o r  two y e a r s

S t e e r .  Manure 
L o a d i n g  R a te  

m t / h a
I

R e p l i c a t i o n s
I I  ,  H I  

gP/mZ
IV Mean .

' - 0 . 1 4
Sampled 8/2/19 .76 
0 .1 6  0 .2 6 0 . 2 1 0 .1 9

1 4 4 . 8 0 . 1 5 0 .1 6  0 . 1 4 0 . 2 4 0 .1 7  :

1 3 4 . 4 0 . 1 2 0 .1 5  0 . 2 3 0 . 1 6  . . 0 .1 7

1 7 8 .2 0 .1 9 0 . 1 4  . 0 . 1 6 0 . 2 0 0 .17

2 2 4 . 0 0 .1 8 0 . 2 0  0 . 2 3 0 . 2 4 0 .2 1

4 4 8 . 0 0 .2 2 0 . 2 6  0 . 1 7  - 0 . 2 8 0 . 2 3

. 0 .2 7
Sampled 9 / 1 4 / 1 9 7 6  
0 , 2 2  . 0 . 3 2 0 . 2 2 0 .2 6

4 4 .8 0 . 3 7 0 . 2 3  0 . 3 3 0 . 3 3 0 .31

1 3 4 .4 0 . 3 0 0 .3 1  0 . 3 2 0 . 3 9 0 .3 3

1 7 8 .2 ' « • :—  - - 0 . 3 1  0 . 3 4 0 . 4 1 0 .3 5

2 2 4 . 0 0 . 4 8 0 .4 3  0 . 4 0 0 . 3 3 0 .4 1

4 4 8 .0 0 .6 1 0 . 4 4  0 . 3 7 0 . 3 9 0 .4 5
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T a b l e  B-14 .  T o t a l  p h o s p h o ru s  u p t a k e  p e r  s q u a r e  m e t e r  o f  two 
s a m p l i n g s  o f  S u d a n g r a s s  g row n  on c l a y  loam a f t e r  
r e c e i v i n g  s t e e r  manure  a t  v a r i o u s  l o a d i n g  r a t e s
and d o u b l e - c r o p p i n g  f o r two y e a r s

S t e e r  Manure 
L o a d in g  R a te  

m t / h a
i .

. R e p l i c a t i o n s  
I I  : ? I I I  

g P/m
—  \  . Mean -

0 . 0 . 2 3
Sampled 8 / 2 / 1 9 7 6  
0 . 2 4  0 . 2 2 0.1:7 0 .2 1

4 4 . 8 0 . 2 3 0 . 2 3  . 0 . 3 1 0 . 3 2  . 0 . 2 8

1 3 4 . 4 0 . 4 4 0 .2 5 . 0 . 4 5 0 , 3 8 0 .3 8

1 7 8 .2 0 . 4 4 0 . 2 7 0 . 3 7  • 0 . 5 0 0 .4 0

2 2 4 . 0 0 . 3 2 0 . 4 4 0 . 4 0 0 . 5 0 0 ,4 2  .

448 .0 : 0 . 4 0 0 . 4 5 . 0 . 4 0 0 .4 2 0 .4 2  .

0 0 . 1 7
Sampled 9 / 1 4 / 1 9 7 6  
0 . 1 3  0 . 1 7 0 , 2 1 . 0 .1 7

4 4 .8 0 . 3 2 0 . 2 2 0 .2 9  . 0 . 2 9 0 .2 8

1 3 4 . 4 0 .2 7 0 .3 6 0 . 3 8 0 . 2 6 0 .3 2

1 7 8 .2 0 . 3 4 0 ,3 7 0 . 5 2 0 . 4 1 0 ,4 1

2 2 4 .0 0 . 4 7 0 .4 6 0 . 5 4 0 . 3 1 0 . 4 4

4 4 8 . 0 0 .3 6 0 .3 1 0 . 4 4 0 . 4 5 0 .3 9
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