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INTRODUCTION

R u n o ff  and sed im en t  l o s s e s  a r e  two c r i t i c a l  f a c t o r s  

t h a t  p r e v e n t  c o n t in u o u s  econom ic cro p  p r o d u c t io n  on s l o p i n g  

a g r i c u l t u r a l  l a n d s .  R u n o ff  o c c u r s  when r a i n f a l l  r a t e  e x 

c e e d s  t h e  r a t e  o f  w a te r  in t a k e  by s o i l .  S e d im e n t  l o s s e s  on 

t h e  o th e r  hand are a r e s u l t  o f  t h e  d i s i n t e g r a t i o n  o f  s o i l  

a g g r e g a t e s  by r a in d r o p  im pact f o l l o w e d  by th e  t r a n s p o r t  

a c t i o n  o f  w a te r .  B oth  r u n o f f  and s e d im e n t  l o s s e s  c a r r y  

w i t h  them n o t  o n ly  t h e  i r r e p l a c e a b l e  d e ta c h e d  t o p s o i l  and 

w a te r  e s s e n t i a l  f o r  c r o p  grow th , b u t a l s o  f e r t i l i z e r  and  

h e r b i c i d e s  from fa rm la n d s  i n t o  v a l l e y  bottom s and s tr e a m s .

S ed im en t and r u n o f f  l o s s e s  a l s o  enhance t h e  d e g r a d a t io n  

o f  s o i l  s t r u c t u r a l  com ponents and t h e  r e d u c t io n  o f  s o i l  

f e r t i l i t y  and th u s  r e p r e s e n t s  a permanent econom ic l o s s  to  

t h e  farm er . A c o n s id e r a b l e  amount o f  s o l u b l e  and ad sorbed  

p l a n t  n u t r i e n t s  may be removed from  an a g r i c u l t u r a l  la n d  

d u r in g  t h e  e r o s i o n  p r o c e s s .  Of prime im p o rta n ce  i s  t h e  

s e l e c t i v e  rem ova l o f  t h e  f i n e r  s o i l  p a r t i c l e s  and lo w  

s p e c i f i c  g r a v i t y  s o i l  components* p a r t i c u l a r l y  o r g a n ic  m atter ,  

a l l  o f  w hich  c o n s t i t u t e  most o f  t h e  in h e r e n t  s o i l  f e r t i l i t y  

s t a t u s .

1



2

C o n s id e r a b le  r e t e n t i o n  o f  r a i n  w a ter  i n  t h e  s o i l  and 

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

by r a i n f a l l  a c t i o n  have b een  a c h ie v e d  by p r o t e c t i n g  th e  

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

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

o f  th e  h ig h  i n t e n s i t y  and lo n g  d u r a t io n  r a i n s  o c c u r  when 

t h e  s o i l  s u r f a c e  i s  d ry  and d e v o id  o f  a l l  v e g e t a l  c o v e r .

The s l o t  m u lc h in g  and s l o t  t r e n c h in g  s o i l  p r o f i l e  

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

t h e  r e d u c t i o n  o f  r u n o f f  and s e d im e n t  l o s s e s  d u r in g  major  

s to rm  e v e n t s .  The e f f e c t i v e n e s s  o f  t h e s e  management t e c h 

n iq u e s  on e r o s i o n  c o n t r o l  depends on t h e i r  p o t e n t i a l  a b i l i t y  

t o  i n c r e a s e  s o i l  w a te r  s t o r a g e  d u r in g  s to rm  e v e n t s  and su b 

s e q u e n t l y  d e c r e a s e  t h e  amount o f  w a ter  a v a i l a b l e  f o r  r u n o f f .  

The t o t a l  amount o f  r a i n f a l l  f o r  a p a r t i c u l a r  l o c a t i o n  o r  

g ro w in g  p e r io d  i s  u s u a l l y  assumed t o  g i v e  an i n d i c a t i o n  o f  

s o i l  m o is tu r e  c o n d i t i o n s .  I n  r e a l i t y ,  r a i n f a l l  amount does  

n o t  s e r v e  a s  a r e l i a b l e  in d e x  o f  t h e  amount o f  w ater  a v a i l 

a b l e  f o r  p la n t  u se  b e c a u s e  m ost o f  t h e  r a i n  w a te r  may be  

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

m o is t u r e  a s s o c i a t e d  w ith  s l o t  m u lc h in g  and s l o t  t r e n c h in g  

management s y s t e m s  w i l l  be r e f l e c t e d  by an i n c r e a s e d  cro p  

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

lo w .



The r e s p o n s e  t o  th e  s o i l  e r o s i o n  problem  i n  most  

p a r t s  o f  t h e  w orld  has b een  to  l e a v e  t h e  more e r o d i b l e  

a r e a s  under l i m i t e d  c u l t i v a t i o n  and c o n c e n t r a t e  fa r m in g  

a c t i v i t i e s  i n  v a l l e y s  and more l e v e l  a r e a s .  T h is  s o l u t i o n  

i s  i n  a v e r y  r a p id  d e c l i n e  as  in c r e a s e d  p o p u la t io n  and 

d e s p e r a t e  n eed  f o r  fo o d  i s  f o r c i n g  p e o p le ,  e s p e c i a l l y  in  th e  

t r o p i c s ,  to  farm  e a s i l y  d e g r a d a b le  and e r o d i b l e  s o i l s  su c h  

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

i n g  demand, p a r t i c u l a r l y  i n  th e  d e v e lo p in g  c o u n t r ie s ,  f o r  

improved, i n e x p e n s i v e  s h o r t - t e r m ,  s o i l  l o s s  and r u n o f f  r e 

s e a r c h  w h ich  i s  d i r e c t e d  tow ards la n d u s e  p la n n in g  and o t h e r  

s o i l  management program s. O fte n  t h e  u rg en cy  and n eed  f o r  

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

e l a b o r a t e  s t u d i e s  a s  o u t l i n e d  in  t h e  U n iv e r s a l  S o i l  L o ss  

E q u a t io n  (USLE) m eth o d o lo g y .  N e v e r t h e l e s s ,  q u a l i t a t i v e  and 

q u a n t i t a t i v e  r e s u l t s  a r e  e x p e c te d  a s  r a p i d l y  as p o s s i b l e .  

'M ic r o - p lo t  t e c h n iq u e '  as  used  in  t h i s  s tu d y  m igh t  p r o v id e  

t h e  framework f o r  m e e t in g  t h e s e  g o a l s .



LITERATURE REVIEW 

R a i n f a l l  C h a r a c t e r i s t i c s  and S o i l  E r o s io n

The c h a r a c t e r i s t i c s  o f  r a in s to r m s  w h ich  i n f l u e n c e  th e  

r a t e  and amount o f  s o i l  l o s s  a r e  k e y  f a c t o r s  t h a t  must he 

known in  any a t te m p t  t o  u n d e r s ta n d  and s o l v e  e r o s io n  

p ro b lem s . I t  i s  a l s o  v i t a l  t o  r e l a t e  how and t o  what e x 

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

t e r s  .

W ischm eier  and Sm ith  (1 9 5 8 )  i n d i c a t e d  t h a t  s o i l  

e r o s i o n  i s  a m e c h a n ic a l  p r o c e s s  t h a t  r e q u i r e s  en ergy  and 

t h a t  much o f  t h i s  en e r g y  i s  s u p p l i e d  by f a l l i n g  r a in d r o p s .  

I n  a su b se q u e n t  p a p er  ( 1 9 6 2 ) t h e s e  w orkers n o t e d  t h a t  a  

s tu d y  o f  r a i n f a l l  momentum and en e r g y  in  r e l a t i o n  t o  

e r o s i o n  r e q u i r e s  k n ow led ge  o f  th e  d e te r m in in g  f a c t o r s ,  

enum erated  a ss  r a in d r o p  m a ss ,  s i z e ,  s i z e  d i s t r i b u t i o n ,  

sh a p e ,  v e l o c i t y ,  and d i r e c t i o n .  L a i  (1 9 7 5 )  i n d i c a t e d  t h a t  

r a i n f a l l  amount, i n t e n s i t y ,  d i s t r i b u t i o n  o f  s torm  i n t e n s i t y ,  

k i n e t i c  e n e r g y ,  and momentum and drop s i z e  a r e  im p o r ta n t  

p a ra m eters  a f f e c t i n g  s o i l  e r o s i o n .

S t u d i e s  o f  d r o p - s i z e  d i s t r i b u t i o n  o f  n a t u r a l  r a i n f a l l  

have shown a h ig h  d e g r e e  o f  c o r r e l a t i o n  b etw een  drop  s i z e  

and r a i n f a l l  i n t e n s i t y ,  W isch m eier  and S m i t h , ( 1 9 5 8 ) .  Laws

4
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and P arson s  (19^ 3)  d e s c r i b e d  t h e  r e l a t i o n s h i p  o f  median  

drop  s i z e  t o  i n t e n s i t y  by t h e  e q u a t io n :

D ^ q = 2 . 2 1  i 0 - 182

i n  w hich  I = i n t e n s i t y  ( i n c h e s / h r . ) ,

D^0 = 50?o o f  t h e  r a i n f a l l  volum e w i t h  drop

d ia m e t e r s  g r e a t e r  th a n  m edian drop s i z e .

B e s t  ( 1 9 5 ° )  d e s c r ib e d  an e q u a t io n  r e l a t i n g  th e  two p a r a 

m e te r s  a s :

= 0 . 6 9 1//n API

i n  w hich  n ,  A, and P a r e  e m p i r i c a l l y  d e r iv e d  c o n s t a n t s ,  and 

I = i n t e n s i t y  ( i n / h r ) .  The r e l a t i o n s h i p  b etw een  d r o p s iz e  

and i n t e n s i t y  was l a t e r  shown t o  v a r y  w ith  t y p e s  o f  r a in  

( o r o g r a p h ic  v s .  n o n o r o g r a p h ic ) (Hudson, I 9 6 I ) .

The sh a p e  o f  r a in d r o p s  a s  t h e y  s t r i k e  t h e  s u r f a c e  o f  

t h e  e a r t h  i s  n o t  s p h e r i c a l  ow in g  to  d i f f e r e n t i a l  a i r  p r e s 

s u r e  c r e a t e d  by t h e  f a l l i n g  d ro p . The r e s u l t a n t  shap e  

a p p r o x im a te s  an e l l i p s o i d  f l a t t e n e d  on t h e  b ottom  (S m ith  

and W isch m eier ,  1 9 6 2 ) .  The change i n  sh a p e  o f  a r a in d r o p  

i s  s i g n i f i c a n t  from  an e r o s i o n  s t a n d p o in t  in  t h a t  i t  

a f f e c t s  t h e  v e l o c i t y  (Law s, 19^1) and t h e  im pact f o r c e  per  

u n i t  a r e a  o f  s o i l  (E k e r n , 1951)*
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The f a l l  v e l o c i t y  o f  ra in d r o p s  was s t u d i e d  by Laws to  

a s s i s t  i n  u n d e r s ta n d in g  th e  a c t i o n  o f  r a i n  i n  th e  e r o d in g  

o f  s o i l  (Law s, 194-1). He used  p h o to g r a p h ic  equipm ent to  

m easure drop  v e l o c i t y .  H is  v a l u e s  w ere i n  good g e n e r a l  

agreem en t w i th  t e r m in a l  v e l o c i t i e s  o f  w a te r  d r o p l e t s  in  

s ta g n a n t  a i r  t h a t  Grunn and K in z e r  (194-9) m easured by i n 

d u c in g  an e l e c t r i c  c h a r g e  and p r o d u c in g  p u l s e s  on an  

o s c i l l o g r a p h  r e c o r d .

In  n a t u r a l  r a i n ,  a i r  t u r b u le n c e  can  a c t  e i t h e r  to  i n 

c r e a s e  o r  to  d e c r e a s e  r a in  drop v e l o c i t y .  S m ith  and W isch  

m eier  (1 9 6 2 )  i n d i c a t e d  t h a t  a h o r i z o n t a l  wind i n c r e a s e s  

t e r m in a l  drop  v e l o c i t y  by t h e  r e c i p r o c a l  o f  t h e  c o s in e  o f  

t h e  a n g le  o f  i n c l i n a t i o n  o f  t h e  r a i n  w ith  th e  v e r t i c a l .  

T h e se  w ork ers  showed t h a t  i n  a h e a v y ,  d r i v i n g  r a i n  w i th  a 

3 mm m edian drop s i z e  and a 3 0 -d e g r e e  a n g le  o f  i n c l i n a t i o n  

t h e  v e l o c i t y  would be in c r e a s e d  and t h e  k i n e t i c  en erg y

w ould  be in c r e a s e d  3 6 $ .  L y le s  e t  a l .  ( 1 9 6 9 ) a l s o  r e p o r te d  

from  t h e i r  f i n d i n g s  t h a t  wind d r iv e n  r a i n  c o n s id e r a b l y  i n 

c r e a s e d  t h e  r a t e  o f  s o i l  l o s s .  Hudson ( 1 9 6 1 ) i n d i c a t e d  

t h a t  in  d e t a i l e d  e r o s i o n  s t u d i e s  where r a i n  i n t e n s i t y ,  

momentum o r  k i n e t i c  en e r g y  a r e  r e l a t e d  to  s o i l  movement, 

a i r  t u r b u le n c e  o r  t h e  wind f a c t o r  i n  t h e  e r o s i o n  p r o c e s s  

s h o u ld  n o t  be n e g l e c t e d .

K i n e t i c  en ergy  o f  r a i n f a l l  i s  im p o r ta n t  in  e r o s i o n  

s t u d i e s  s i n c e  e r o s i o n  i s  a work p r o c e s s  and th e  en e r g y
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r e q u ir e d  to  d i s l o d g e  and d e ta c h  s o i l  p a r t i c l e s  in  t h e  

e r o s i o n  p r o c e s s  i s  p r o v id e d  by t h e  f a l l i n g  r a in d r o p s .

M ihara (1 9 5 3 )  a t t r i b u t e d  s o i l  e r o s i o n  l e s s  to  r u n n in g  water, 

and more t o  r a in d r o p  im p a ct .  W isch m eier  (1 9  66) r e p o r te d  

t h a t  t h e  c o m b in a t io n  o f  r a i n f a l l  e n e r g y  and q u a n t i t y  o f  

r a i n f a l l  was t h e  m ost im p ortan t v a r i a b l e  a f f e c t i n g  s o i l  

e r o s i o n .  F u r th e r  a n a l y s i s  by W isch m eier  e t  a l .  (1 9 5 8 )  

showed t h a t  th e  c o r r e l a t i o n s  b etw een  b o th  s o i l  l o s s  and 

t o t a l  r a i n f a l l  o f  i n d i v i d u a l  s torm s and r a i n f a l l  i n  5~»

15-> o r  3 0 -m in u te  i n t e r v a l s  w ere p o o r . The p ro d u ct  o f  th e  

k i n e t i c  e n e r g y  o f  t h e  s torm  and t h e  3 0 -m in u te  maximum i n 

t e n s i t y  (EI^q) was m ost 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  t h e  

s o i l  l o s s .  W ischm eier  and Sm ith ( 1 9 5 8 ) gave  a r e g r e s s i o n  

e q u a t io n  f o r  c a l c u l a t i n g  th e  k i n e t i c  en e r g y  o f  i n d i v i d u a l  

s to r m s  by:

Y = 916 + 331 l o g 10X

w here Y i s  th e  k i n e t i c  en erg y  i n  f o o t  t o n s  p er  a c r e  in c h ,  

and X i s  t h e  r a i n f a l l  i n t e n s i t y  i n  in c h e s  p er  hour.

R o g ers  e t  a l .  ( 1967 ) in d i c a t e d  t h a t  c a l c u l a t i n g  t h e  k i n e t i c  

e n e r g y  o f  r a i n f a l l  from  r a i n f a l l  i n t e n s i t y  was s a t i s f a c t o r y .

Hudson and J a c k s o n  (1 9 5 9 )  found  from t h e i r  s t u d i e s  in  

R h o d e s ia  (Zimbabwe) t h a t  a l th o u g h  th e  EI^q in d e x  p r o v id e d  

an a c c u r a t e  m easure o f  e r o s i v i t y  o f  r a in s to r m s  i n  tem p era te  

A m erica , i t  was l e s s  e f f e c t i v e  i n  t r o p i c a l  A f r i c a .  Hudson



8

d e v e l o p e d  an a l t e r n a t e  p r o c ed u r e  b ased  on t h e  c o n c e p t  t h a t  

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

becomes e r o s i v e  ( 2 5  mm p er  h o u r ) .  T h is  in d e x  i s  r e f e r r e d  

t o  a s  KE > 1.

L a i  (1 9 7 5 )  p o i n t e d  o u t  t h a t  t h e  k i n e t i c  en erg y  v a l u e s  

(KE) from EI^ q i n d e x  g r o s s l y  u n d e r e s t i m a t e s  KE f o r  t r o p i c a l  

s t o r m s .  He p o i n t e d  o u t  t h a t  t h e  i n t e n s i t y  o f  t e m p er a te  

r a i n s t o r m  r a r e l y  e x c e e d s  5°  mm/hr w h i l e  i t  i s  n o t  uncommon 

f o r  t r o p i c a l  r a i n s t o r m  i n t e n s i t i e s  to  e x c ee d  100 mm/hr.

L a i  (1 9 7 5 )  p rop osed  a new i n d e x ,  t h e  AIm i n d e x ,  which  i s  

t h e  p r o d u ct  o f  t h e  maximum i n t e n s i t y  ( I m) i n  cm/hr and

t o t a l  r a i n f a l l  (A ) .  He c a l c u l a t e d  th e  w e ig h t e d  mean 

a v e r a g e  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  f o r  t h e  v a r i o u s  

e r o s i v i t y  i n d i c e s  f o r  a  s torm under  t r o p i c a l  c o n d i t i o n s  

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

C o r r e l a t i o n  C o e f f i c i e n t  ( r )  

E r o s i v i t y  in d e x  R u n o f f  S o i l  l o s s

KE > 1 0 . 3 2  0 . 6 0

e i 30 0 . 3 4  0 . 6 5

A Im 0 . 3 7  0 . 6 9

A lth o u g h  t h e  AIm i n d e x  shows s l i g h t  improvements  i n  b o th  

r u n o f f  and s o i l  l o s s  and i s  e a s i e r  t o  compute,  i t  r e q u i r e s  

t e s t i n g  i n  many o t h e r  l o c a t i o n s  b e f o r e  i t  can be w i d e l y  

a d o p t e d .
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Ahmad and Breckner  (197*0 a l s o  found i n  t h e i r  s t u d i e s  

i n  T r in id a d  t h a t  c o r r e l a t i o n s  o f  s o i l  l o s s  w i t h  t h e  EI^q 

in d e x  were g e n e r a l l y  low.

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

s i t y ,  many workers  have found h i g h  c o r r e l a t i o n  betw een  

r a i n f a l l  i n t e n s i t y  and t h e  amount o f  eroded s o i l  (M o o k er jee ,  

1 9 5 ° ;  L a i ,  1 9 7 5 ) •  Tamhane e t  a l .  (1 9 5 9 )  r e p o r t e d  t h a t  

r a i n  i s  d e s i g n a t e d  as  e r o s i v e  o r  n o n - e r o s i v e  i f  t h e  i n t e n 

s i t y  l i m i t  i s  above  o r  be low  t h e  e n e r g y  s u f f i c i e n t  f o r  th e  

d e s t r u c t i v e  a c t i o n  on s o i l  p a r t i c l e s .  F r e e  ( i 9 6 0 ) showed  

t h a t  t h e  r e l a t i o n s h i p  o f  th e  r a t i o  o f  i n f i l t r a t i o n  to  run

o f f  w i t h  r a i n f a l l  e n er g y  was e x p o n e n t i a l  and o f  t h e  h y p e r 

b o l i c  t y p e .  Ekern (195*0 r e l a t e d  s torm  e r o s i v i t y  exponen

t i a l l y  t o  r a i n f a l l  i n t e n s i t y .  Rose  ( i 9 6 0 ) found t h a t  th e  

r a t e  o f  s o i l  d e tachm ent  per  u n i t  a r e a  was i n f l u e n c e d  more 

by t h e  momentum which i s  t h e  p r o d u c t  o f  th e  r a i n f a l l  mass 

and l i n e a r  v e l o c i t y  t h a n  t h e  k i n e t i c  en erg y  o f  th e  s torm  

per  u n i t  a r e a  and t im e .

The i n t e n s i t y  d i s t r i b u t i o n  w i t h i n  a s to rm  has  a s i g 

n i f i c a n t  e f f e c t  on t h e  e r o s i v e  n a t u r e  o f  r a i n f a l l .  L a i  

( 1 9 7 5 ) i n d i c a t e d  t h a t  some s to r m s  have  t h e i r  h i g h e s t  i n t e n 

s i t i e s  a t  t h e  b e g i n n i n g  and l o w e s t  i n t e n s i t i e s  a t  t h e  l a t e r  

s t a g e s .  Other s torm s b e g i n  w i t h  medium i n t e n s i t y  and r e a c h
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t h e i r  peaks i n  th e  m id d l e .  There a r e  a l s o  c o m p o s i t e  s torm s  

w i t h  peak i n t e n s i t i e s  w i t h i n  2 t o  3 hours  o f  one a n o t h e r .  

Each i n t e n s i t y  d i s t r i b u t i o n  p r e s e n t s  a d i f f e r e n t  s o i l -  

e r o s i o n  h a za rd .  L a i  (1 9 7 5 )  i n d i c a t e d  t h a t  i n t e r p r e t i n g  

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

E r o d i b i l i t y  o f  S o i l s  i n  R e l a t i o n  t o  P h y s i c a l  and C h em ica l  

P r o p e r t i e s

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

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

e r o d i b i l i t y .  S e v e r a l  e a r l y  a t t e m p t s  were made to  d e ter m in e  

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

i t y  (Brow ning ,  e t  a l . , 19^7; and P e e l e  e t  a l . , 19^5) b a t  

c l a s s i f i c a t i o n s  used  f o r  e r o s i o n  p r e d i c t i o n  were o n l y  

r e l a t i v e  r a n k i n g s .  Bryan (1 9 6 8 )  i n d i c a t e d  t h a t  most  

s t u d i e s  on s o i l  e r o d i b i l i t y  have b een  b a se d  on two i n d i c e s .  

The f i r s t  in d e x  i s  s o i l  p r o p e r t i e s  a f f e c t i n g  d i s p e r s i o n  

and t h e  s e c o n d  in d e x  i s  s o i l  p r o p e r t i e s  a f f e c t i n g  w a te r  

t r a n s m i s s i o n .  S i m i l a r l y ,  S m ith  and W isch m eier  ( 1 9 6 2 ) i n  

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

s o i l  e r o d i b i l i t y  grouped t h e  p r o p e r t i e s  i n t o  two a r e a s  . l i t h e  

f i r s t  group a r e  t h e  s o i l  p r o p e r t i e s  a f f e c t i n g  i n f i l t r a t i o n  

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

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

and r u n o f f .
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Ruben and Gray (1 9 7 7 )  remarked t h a t  d e s p i t e  i t s  im

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

d e r i v e d  f o r  o n l y  a few  benchmark s o i l s .  A major o b s t a c l e  

b e i n g  t h a t  d i r e c t  measurements  o f  t h e  K f a c t o r  i n  t h e  

f i e l d  o r  l a b o r a t o r y  a r e  b o th  t im e -c o n su m in g  and c o s t l y .  

L i n d s a y  and Gumbs ( 1 9 8 2 )  i n f e r r e d  t h a t  f u r t h e r  a t t e m p t s  to  

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

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

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

s i l i c a - s e s q u i o x i d e  r a t i o .  T h ese  i n d i c e s  have b e en  t e s t e d  

and found t o  be l i m i t e d  i n  d e t e r m i n i n g  s o i l  e r o d i b i l i t y  

( S m ith  and W isch m e ie r ,  1962; W ischm eier  and M annering,

1 9 6 9 ) .

Kandiah (1979)  i n d i c a t e d  t h a t  s e v e r a l  p h y s i c a l ,  c h e m i

c a l  and p h y s i o c h e m i c a l  s o i l  p r o p e r t i e s  a r e  r e p o r t e d  t o  be  

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

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

c l a y  m in e r a lo g y ,  o r g a n i c  m a t te r  c o n t e n t  and i n t e r p a r t i c l e  

c o h e s i o n  and d i s p e r s i o n .  As y e t  no one s o i l  c h a r a c t e r i s 

t i c s  o r  in d e x  p r o v i d e s  a s a t i s f a c t o r y  means o f  p r e d i c t i n g  

e r o d i b i l i t y .

W isch m eier  and Mannering ( 1 9 6 9 ) p rop osed  a com plex  

e r o d i b i l i t y  e q u a t io n  u t i l i z i n g  15 s o i l  p r o p e r t i e s  and 

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

t h e  USDA e r o d i b i l i t y  nomograph o f  W ischm eier  e t  a l .  (1 9 7 1 )
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w hich  u t i l i z e s  f o u r  s o i l  p r o p e r t i e s ,  nam ely ,  t e x t u r e ,  

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

S o i l  e r o d i b i l i t y  f a c t o r ,  K, i n  the U n i v e r s a l  S o i l  Loss  

E q u a t io n  (USLE) i s  t h e  most d i f f i c u l t  f a c t o r  to  e v a l u a t e  

i n  t h e  e q u a t i o n  (Romkens, e t  a l . , 1 9 7 7 ) -  The K f a c t o r  i s  

a q u a n t i t a t i v e  v a l u e  e x p e r i m e n t a l l y  d e term in ed  f o r  a 

p a r t i c u l a r  s o i l  and ' i t  i s  t h e  r a t e  o f  s o i l  l o s s  per  e r o 

s i o n  in d e x  u n i t  as  measured on a u n i t  p l o t '  (USDA, 1 9 7 8 ) .  

USDA (1 9 7 8 )  f u r t h e r  i n d i c a t e d  t h a t  a u n i t  p l o t  i s  a r b i t r a 

r i l y  d e f i n e d  as  a  p l o t  ‘ 7 2 . 6  f t  l o n g  w i t h  a un i form

l e n g t h - w i s e  s l o p e  o f  9 % ,  i n  c o n t i n u o u s  f a l l o w ,  t i l l e d  up 

and down t h e  s l o p e .  C on t inu ou s  f a l l o w ,  f o r  t h i s  p u rp o se ,  

i s  la n d  t h a t  has b een  t i l l e d  and k e p t  f r e e  o f  v e g e t a t i o n  

f o r  more t h a n  2 y e a r s .  D u r in g  t h e  p e r i o d  o f  s o i l  l o s s  

m easu rem en ts ,  t h e  p l o t  i s  p lowed and p l a c e d  i n  c o n v e n t i o n a l  

c o r n  s eed b ed  c o n d i t i o n  each  s p r i n g  and i s  t i l l e d  as  needed  

t o  p r e v e n t  v e g e t a t i v e  growth and s e v e r e  s u r f a c e  c r u s t i n g .  

USDA’ ( 1 9 7 8 ) i n d i c a t e d  t h a t  d i r e c t  measurement o f  t h e  

e r o d i b i l i t y  f a c t o r  i s  b o t h  t im e  consuming and has been  

f e a s i b l e  o n l y  f o r  a f e w  major s o i l  t y p e s .

B r u ce -O k in e  and L a i  (1 9 7 5 )  p rop osed  a m o d i f i e d  r a in d ro p  

t e c h n i q u e  f o r  d e t e r m i n i n g  s o i l  e r o d i b i l i t y .  T h i s  s im p le  

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

c a l  a r e a s .  L i n d s a y  and Gumbs (1 9 8 2 )  r e p o r t e d  t h a t  t h e  

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

b i l i t y  i n  t h e  number o f  d ro p s  r e q u i r e d  t o  d e s t r o y  s o i l  

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

p la y e d  an im p o rta n t  r o l e  i n  t h e  r e s u l t  o f  t h e  r a in d r o p  

m ethod .

The New S o u th  Wales  ( A u s t r a l i a )  S o i l  C o n s e r v a t i o n  

S e r v i c e  (Charman, 1978)  p rop osed  a s o i l  e r o d i b i l i t y  in d e x ,

K, o f  t h e  form

K = TSD .
( I K '  0 ) a

The v a r i a b l e s  i n  t h e  n um erator  are  t e x t u r e  ( T ) , s t r u c t u r e  

( S ) ,  and a g g r e g a t e  s t a b i l i t y  ( D ) , which a re  param eters  i n  t h e  

s o i l  d e t a c h a b i l i t y  component.  The denom inator  i s  t h e  w a ter  

t r a n s m i s s i o n  f a c t o r ,  which i s  a f u n c t i o n  o f  t h e  sq u a r e  r o o t  

o f  t h e  i n f i l t r a t i o n  ( I ) ,  h o r i z o n t a l  p e r m e a b i l i t y  (K')»  and 

w a te r  h o l d i n g  c a p a c i t y  ( C ) .  L in d s a y  and Gumbs (1982)  

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

p l a c e s  to o  much emphasis  on s o i l  t e x t u r e  and perhaps  n o t  

enough em phasis  on i n f i l t r a t i o n  and p e r m e a b i l i t y .  L in d s a y  

and Gumbs (1 9 8 2 )  a l s o  i n d i c a t e d  t h a t  t h e  A u s t r a l i a n  in d e x  

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

hazard o f  c l a y  s o i l s .

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

e r o d i b i l i t y  have m o s t l y  f o c u s e d  on s o i l  p h y s i c a l  f a c t o r s .
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Only  few  workers  have i n c l u d e d  s o i l  c h e m i c a l  p r o p e r t i e s  

( S i n g e r  e t  a l . ,  1978;  T r o t t  and S i n g e r ,  1 9 7 9 ) -  USDA ( 1 9 7 8 ) 

i n d i c a t e d  t h a t  a s o i l ' s  e r o d i b i l i t y  i s  a f u n c t i o n  o f  com

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

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

t e x t u r a l  c l a s s .

T r o t t  and S i n g e r  (1979)  i n d i c a t e d  t h a t  th e  USDA nomo

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

l i t y  f a c t o r ,  K, w h e n 'a p p l i e d  t o  w e s t e r n  u p l a n d ' s o i l s . From 

t h e i r  s t u d y ,  t h e y  found t h a t  t h e  nomograph, o v e r e s t i m a t e d  

t h e  e r o d i b i l i t y  o f  s o i l s  h ig h  i n  d i t h i o n i t e  i r o n .  T r o t t  

and S i n g e r  (1 9 7 9 )  found a p o s i t i v e  r e l a t i o n s h i p  b e tw ee n  low  

o b s e r v e d  e r o d i b i l i t y  and d i t h i o n i t e  F e .  They a l s o  found  

t h a t  t h e  amount and form o f  Fe  and A l  a r e  im p o r ta n t  f a c t o r s  

o f  s o i l  e r o d i b i l i t y .  S i n g e r  e t  a l .  (1 9 7 8 )  found t h a t  e x 

c h a n g e a b le  sodium p e r c e n t a g e ,  d i t h i o n i t e  e x t r a c t a b l e  i r o n  

and aluminum and o x a l a t e  e x t r a c t a b l e  i r o n  and aluminum a r e  

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

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

Romkens e t  a l .  ( 1 9 7 7 ) e v a l u a t e d  t h e  r e l a t i o n s h i p  b e tw een  

e r o d i b i l i t y  f a c t o r ,  K, and 13 s o i l  p h y s i c a l  p a r a m e te r s ,  6 

c h e m i c a l  p r o p e r t i e s ,  10  m i n e r a l o g i c a l  p r o p e r t i e s  and 6 

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

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

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

r e p r e s e n t e d  f o r  some o f  t h e  p a r a m e te r s  e v a l u a t e d  ( T a b le  1 ) .
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T a b le  1 .  The r e l a t i o n s h i p  betw een  s o i l  e r o d i b i l i t y  and s o i l  

p h y s i c a l ,  c h e m i c a l  and m i n e r a l o g i c a l  p a ra m e ter s .

V a r i a b l e C o r r e l a t i o n  C o e f f i c i e n t
S u r f a c e  S o i l s S u b s o i l s

P h y s i c a l  P r o p e r t i e s :

New S i l t  ( v e r y  f i n e  sand + s i l t )  
-  ( san d ) 0 .8 4 0 . 5 7

(W isc h m e ier  e t  a l . , 1971)

( S i l t  + v e r y  f i n e  sand)
x ( s i l t  + sand) 0 . 8 6 0 . 8 1

(W isch m eier  e t  a l . , 1971)

P e r m e a b i l i t y 0 . 6 4 -

C h em ica l  p r o p e r t i e s :

T o t a l  N 0 . 0 9 - 0 . 8 2

T o t a l  o r g a n i c  carbon - 0 . 0 9 - 0 . 4 6

M i n e r a l o g i c a l  p r o p e r t i e s :

F e 2° 3 0 . 1 9 - 0 . 1 3

A1 2°3 0 . 3 5 0 . 4 3

K a o l i n i t e  and h a l l o y s i t e 0 . 3 2 O. 5 2

I n t e r a c t i o n  f a c t o r s :

F e 2°3  + A12°3 0 . 2 2 - 0 . 1 0

(FegO^ + AlgO^) M o n t m o r i l l o n i t e 0 . 1 2 - 0 . 6 1

T o t a l  %  o r g a n i c  C x  c l a y - 0 . 0 7 - 0 . 7 7

S p e c i f i c  s u r f a c e 0 . 1 2 - 0 . 5 9
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Romkens e t  a l .  (1 9 7 7 )  s u g g e s t e d  from t h e i r  s t u d y  t h a t  

d i f f e r e n t  s o i l  p r o p e r t i e s  were r e l a t e d  to  s o i l  e r o d i b i l i t y  

f a c t o r s  o f  s u r f a c e  and s u b s o i l s ,  r e s p e c t i v e l y .  Romkens 

e t  a l .  (1 9 7 7 )  a l s o  i n d i c a t e d  t h a t  t h e  t e x t u r a l  param eter  and 

t h e  p e r c e n t  o f  i r o n  p l u s  aluminum e x t r a c t a b l e  w i t h  c i t r a t e -  

d i t h i o n i t e - c a r b o n a t e  (CDB), w ere  s i g n i f i c a n t  p r e d i c t i o n  

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

T h ese  a u t h o r s  f u r t h e r  s u g g e s t e d  t h a t  t h e  CBD e x t r a c t a b l e  

p e r c e n t  o f  AlgO^ p l u s  be c o n s i d e r e d  as  a s i n g l e  v a r i 

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

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

Kandiah (1 9 7 9 )  i n d i c a t e d  t h a t  c r i t i c a l  s h e a r  s t r e s s  

and c a t i o n  exchange  c a p a c i t y  (CEC) r e l a t i o n s h i p s  a r e  v e r y  

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

t a i n e d  a h ig h  c o r r e l a t i o n  ( r = 0 . 9 9 )  b e tw een  c r i t i c a l  s h e a r  

s t r e s s  and CEC i n d i c a t i n g  a un ique  im p ortan ce  o f  CEC f o r  

s o i l  e r o d i b i l i t y .  Kandiah (1 9 7 9 )  f u r t h e r  r e p o r t e d  t h a t  i n  

low  o r g a n i c  m in e r a l  s o i l s ,  CEC i s  an in d e x  o f  i o n  exchange  

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

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

when o t h e r  f a c t o r s  rem ain  c o n s t a n t ,  i n t e r p a r t i c l e  f o r c e s  are  

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

W a l l i s  & S t e v a n s  ( 1 9 6 1 )  in d ex ed  t h e  e r o d i b i l i t y  o f  

some C a l i f o r n i a  s o i l s  u s i n g  t h e  d i s p e r s i o n  and s u r f a c e -  

a g g r e g a t i o n  r a t i o s ,  and t e s t e d  v a l u e s  a g a i n s t  c o n c e n t r a t i o n s
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o f  Ca, Mg and Ca + Mg.. No s i g n i f i c a n t  c o r r e l a t i o n  was 

found w i t h  K and Na.

N u t r i e n t  L o s s e s  i n  S u r f a c e  R u n o f f  and Eroded S ed im e n t  from  

A g r i c u l t u r a l  Lands

N u t r i e n t  e l e m e n t s  i n  a l l  forms may be removed from  

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

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

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

h i g h  in  p l a n t  n u t r i e n t s  a r e  more v u l n e r a b l e  to  e r o s i o n  

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

o n l y  c o n t r i b u t e  t o  w a t e r  q u a l i t y  d e t e r i o r a t i o n  but  a l s o  

r e p r e s e n t  an economic l o s s  o f  f e r t i l i t y  f o r  th e  fa r m e r .

H o l t  e t  a l .  (1 9 7 0 )  found  t h a t  s u r f a c e  r u n o f f  from farm  

l a n d  can  c o n t r i b u t e  a p p r e c i a b l e  p h osphorus  t o  w a t e r s  even  

i n  t h e  a b s e n c e  o f  f e r t i l i z e r  a p p l i c a t i o n .  V erd u in  ( 1 9 6 7 )* 

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

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

phorus  e n r i c h i n g  s t r e a m s  and l a k e s  i s  d e r i v e d  from a g r i 

c u l t u r a l  f e r t i l i z e r s .

N u t r i e n t  l o s s e s  i n  s u r f a c e  r u n o f f  i n  N o r th e r n  N i g e r i a  

have b een  r e p o r t e d  by Kowal ( 1 9 7 2 ) .  The a v e r a g e  an n u a l  

l o s s  o f  c a l c i u m ,  magnesium and sodium i n  r u n o f f  w a te r  and 

eroded  s o i l  v a r i e d  from l̂ J- t o  30 k g / h a .  The a v e r a g e  an n u a l  

n i t r o g e n  l o s s  ranged  from 7 t o  19 k g / h a .  B a r n e t t  e t  a l .
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(1 9 7 2 )  o b s e r v e d  from s t u d i e s  on some P u e r to  R ic a n  s o i l s  

t h a t  t h e  a v e r a g e  c o n c e n t r a t i o n  o f  n i t r o g e n  i n  s u r f a c e  ru n 

o f f  w a te r  ranged  from 0 . 0 1  to  0 . 0 2  ppm and t h e  a v e r a g e  

c o n c e n t r a t i o n  o f  p o t a s s iu m  v a r i e d  from 0 . 0 1  t o  2 . 2 9  ppm.

Moe e t  a l .  ( 1 9 6 7 ) r e p o r t e d  t h a t  m in e r a l  n i t r o g e n  l o s s e s  

from f a l l o w  and sod  p l o t s  e s t a b l i s h e d  on an I n d ia n a  

f r a g i p a n  s o i l  ( 13% s l o p e )  ranged  from 2 to  15 p e r c e n t  o f  

t h e  a p p l i e d  NH  ̂ NÔ  (2 2 4  k g /h a )  a f t e r  1 2 . 7  cm o f  r a i n f a l l .  

I n  a s u b s e q u e n t  s t u d y ,  Moe e t  a l .  ( 1 9 6 8 ) r e p o r t e d  t h a t  

m in e r a l  n i t r o g e n  l o s s e s  from NH  ̂ NO  ̂ and u re a  t r e a t e d  p l o t s  

(4 4 8  k g /h a )  ranged  from 2 . 4  to  1 2 . 7  p e r c e n t  w i t h  NH  ̂ N0^ 

b e i n g  l e s s  s u s c e p t i b l e  t o ' r u n o f f  l o s s  than  u r e a .

Thomas e t  a l .  ( 1 9 6 8 ) o b se rv ed  t h a t  t h e  h i g h e s t  c o n c e n 

t r a t i o n s  o f  n u t r i e n t s  i n  the  s o i l  l o s t  from v a r i o u s  t r e a t 

ments were 633 ppm o f  c a l c i u m ,  and 104 ppm o f  p o t a s s iu m .

The t o t a l  l o s s  o f  Ca was 1622 k g /h a  w h i l e  t h a t  o f  K ranged  

from 0 . 1 4  to  0 . 2 2  k g / h a .

Romkens e t  a l .  (1 9 7 3 )  s t u d i e d  t h e  i n f l u e n c e  o f  t i l l a g e  

methods on n i t r o g e n  and phosphorus  c o m p o s i t io n  o f  s u r f a c e  

r u n o f f .  They r e p o r t e d  l o s s e s  o f  s o l u b l e  n u t r i e n t s  f o r  two 

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

c o u l t e r  > t i l l  > c h i s e l  > d o u b le  d i s k  > c o n v e n t i o n a l ;  

w h e r e a s ,  s e d im e n t  N and P l o s s e s  were g r e a t e s t  from c o n v e n 

t i o n a l  and t i l l  s y s t e m s .  In  a  d i f f e r e n t  s t u d y ,  Timmons 

e t  a l .  (1 9 7 3 )  found t h a t  i n c o r p o r a t i o n  o f  b r o a d c a s t
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f e r t i l i z e r  by p l o w i n g  down and d i s k i n g  r e s u l t e d  i n  n i t r o g e n  

and phosphorus  l o s s e s  i n  s u r f a c e  r u n o f f  e q u a l  to  l o s s e s  

from  u n f e r t i l i z e d  p l o t s ■ I n  G e o r g ia ,  White e t  a l .  ( 1 9 6 7 ) 

fou nd  o n l y  0 . 1 5  t o  2 . 3  p e r c e n t  o f  b r o a d c a s t  n i t r o g e n  (22^  

k g /h a  a s  NH  ̂ NO^) i n  s u r f a c e  r u n o f f  from sandy loam s o i l s  

w i t h  a  5$  s l o p e .  Knoblauch e t  a l .  (19^2)  o b t a in e d  l o s s  o f  

t o t a l  K o f  ^26 pounds per  y e a r  from C o l l i n g t o n  Sandy loam.  

L o s s e s  were red u ced  t o  98  pounds under c o v e r  crop  r e c e i v i n g  

manure.  Massey e t  a l .  (1 9 7 3 )  r e p o r t e d  an a v e r a g e  l o s s  o f  

192  kg o f  o r g a n ic  m a t t e r ,  1 0 . 6  kg o f  n i t r o g e n  and 1 . 8  kg  

o f  e x c h a n g e a b le  p o t a s s iu m  p e r  h e c t a r e  on a W is c o n s in  s o i l  

o f  11 p e r c e n t  s l o p e .

N u t r i e n t  l o s s e s  i n  s u r f a c e  r u n o f f  have a l s o  b e en  d e 

t e r m in e d  on a w a te r sh e d  b a s i s .  T a y lo r  e t  a l .  ( I 9 7 1 ) found  

t h a t  n i t r o g e n  and phosphorus  l o s s e s  from a farm land  w a t e r 

sh e d  were s i g n i f i c a n t l y  g r e a t e r  th a n  t h o s e  from a woodland  

w a t e r s h e d  a t  C o s h o c to n ,  Ohio .  Schuman e t  a l .  (1 9 7 3 )  

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

c u l t u r a l  w a t e r s h e d s  n e a r  T re y n o r ,  Iowa.  The 3 - y e a r  

a v e r a g e  a n n u a l  s o l u t i o n  n i t r o g e n  l o s s e s  were low from a l l  

w a t e r s h e d s  and ranged  from 0 .^ 2  t o  3 . 0 5  k g /h a  f o r  t h e  

v a r i o u s  c o n s e r v a t i o n  p r a c t i c e s ;  whereas  a v e r a g e  a n n u a l  

s e d im e n t  n i t r o g e n  ra n g ed  from 1 . 2 1  t o  3 6 . 5 9  k g / h a .  Schuman 

e t  a l . (1 9 7 3 )  a l s o  found  t h a t  92 p e r c e n t  o f  t h e  t o t a l
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n i t r o g e n  l o s t  i n  t h e  r u n o f f  from c o n t o u r - p l a n t e d  co rn  

w a t e r s h e d s  was a s s o c i a t e d  w i t h  s e d im e n t .  F r e r e  (1971)  

found c o n s i d e r a b l e  v a r i a t i o n  i n  the  n u t r i e n t  c o n t e n t s  o f  

r u n o f f  from d i f f e r e n t  w a t e r s h e d s .  When a major s torm  was 

composed o f  more t h a n  one  peak ,  t h e  a v e r a g e  n u t r i e n t  c o n 

c e n t r a t i o n  v a r i e d  by a s  much as  200 p e r c e n t  b e tw een  w a t e r -  

f l o w  p e a k s .

B u r w e l l  e t  a l .  (1 9 7 5 )  examined n u t r i e n t  l o s s e s  ( n i t r o 

g e n ,  phosphorus  and p o ta s s iu m )  in  s u r f a c e  r u n o f f  under f i v e  

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

s i o n  p l o t s  on Barnes  loam s o i l  ( 6 f o  s l o p e ) .  A verage  annual  

l o s s e s  o f  N i n  r u n o f f  and s ed im e n t  ranged from 4 . 1  k g /h a  

f o r  t h e  hay t r e a t m e n t  ( a l f a l f a  i n  r o t a t i o n )  to  1 5 ° - 3  k g /h a  

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

B u r w e l l  e t  a l .  (1 9 7 5 )  found t h a t  N t r a n s p o r t e d  by s e d im e n t  

a c c o u n t e d  f o r  96% o r  more o f  t h e  t o t a l  l o s s e s  o f  N from  

f a l l o w ,  c o n t in u o u s  c o r n ,  and r o t a t i o n  co rn  t r e a t m e n t s .  The 

a v e r a g e  a n n u a l  l o s s e s  o f  t o t a l  P in  r u n o f f  ranged  from 0 . 6 8  

k g /h a  f o r  t h e  hay t r e a t m e n t  t o  3 3 - 3  k g /h a  f o r  t h e  f a l l o w  

t r e a t m e n t .  B u r w e l l  e t  a l .  (1 9 7 5 )  a l s o  found t h a t  phospho

r u s  t r a n s p o r t e d  by s e d im e n t  a c c o u n t e d  f o r  9 5f °  o r  more o f  

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

hay.  The a v e r a g e  a n n u a l  K l o s s e s  i n  r u n o f f  ran ged  from  

1 . 9 0  k g / h a  f o r  r o t a t i o n  co rn  t o  8 . 4 l  k g /h a  f o r  t h e  f a l l o w  

t r e a t m e n t .  E x ce p t  f o r  hay ,  K t r a n s p o r t e d  by s e d im e n t
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a l s o  r e p r e s e n t e d  a  major p o r t i o n  o f  K l o s t  a n n u a l l y  i n  

s u r f a c e  r u n o f f .

E v a l u a t i o n  o f  n u t r i e n t  l o s s e s  i n  s u r f a c e  r u n o f f  from  

a g r i c u l t u r a l  l a n d s  ca n  become complex owing t o  t h e  a d d i 

t i o n s  o f  s o l u b l e  n i t r o g e n  and phosphorus  from v e g e t a t i v e  

l e a c h i n g  (Timmons e t  a l . , 1970)  and from p r e c i p i t a t i o n .  

D a n i e l  e t  a l .  (1 9 3 8 )  d e m o n stra ted  t h a t  t h e  amount o f  N 

a p p e a r i n g  a n n u a l l y  i n  r a i n f a l l  can be g r e a t e r  th a n  t h a t  

removed i n  s u r f a c e  r u n o f f .  B u r w e l l  e t  a l .  (1 9 7 5 )  r e p o r t e d  

t h a t  a v e r a g e  a n n u a l  q u a n t i t i e s  o f  NH^-N and NO- -̂N c o n t r i b 

u t e d  by p r e c i p i t a t i o n  e x c ee d e d  t h e  annual  l o s s e s  i n  s u r f a c e  

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

th a n  t h e  amount c o n t r i b u t e d  by p r e c i p i t a t i o n .  Buckman and 

Brady ( i 9 6 0 ) s u g g e s t  an a v e r a g e  a n n u a l  N r e t u r n  from r a i n  

and snow o f  5 l b / a c  under hu m id - te m p erate  c l i m a t e .  F e t h  

( 1 9 6 6 ) ,  i n  a r e v i e w  o f  t h e  N compounds i n  n a t u r a l  w a te r s  

r e p o r t e d  v a l u e s  i n  r a i n w a t e r  r a n g i n g  from 0 . 5 6  t o  1 2 . 6 6  

k g / h a  p e r  y e a r .  T a y l o r  e t  a l .  (1 9 7 1 )  r e p o r t e d  t h a t  N in  

p r e c i p i t a t i o n  a v e r a g e d  2 0 . 3  k g / h a  a n n u a l l y  f o r  a 2 - y e a r  

p e r i o d  and ex c e ed e d  by s i x  t im e s  t h e  a v e r a g e  a n n u a l  n i t r o 

g en  i n  r u n o f f .  D u r in g  a 2 - y e a r  p e r i o d ,  Schuman and B u r w e l l  

( 197*0  found  t h a t  p r e c i p i t a t i o n  c o n t r i b u t e d  an a v e r a g e  o f  

7 . 2 6  k g / h a  i n o r g a n i c - N  a n n u a l l y .  T h i s  was f o u r  and s e v e n  

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

t h e  h i g h -  and n o r m a l - f e r t i l i t y  w a t e r s h e d s ,  r e s p e c t i v e l y .
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B u r w e l l  e t  a l .  (1 9 7 5 )  o b se r v e d  t h a t  an a v e r a g e  a n n u a l  p r e 

c i p i t a t i o n  o f  6 3 . 6  cm and 50.8  cm f o r  e a c h  1 2 -month p e r i o d  

r e s p e c t i v e l y ,  c o n t a in e d  5 - ° 9  kg  o f  NH^-N/ha and 2 . ^ 5  kg o f  

NO^-N/ha. B u r w e l l  e t  a l .  (1 9 7 5 )  a l s o  found t h a t  t h e  o r t h o -  

P c o n t e n t  o f  a v e r a g e  a n n u a l  p r e c i p i t a t i o n  f o r  a 2 - y e a r  

p e r i o d  was' 0 . 1 2 5  k g / h a .

B u r w e l l  e t  a l  (1 9 7 5 )  m entioned  t h a t  under  c e r t a i n  c o n 

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

c o u ld  c o n t r i b u t e  s u b s t a n t i a l  amounts o f  N and P t o  s u r f a c e  

w a t e r s .  Timmons e t  a l .  (1 9 7 0 )  r e p o r t e d  t h a t  s o l u b l e  P and 

N i n  l e a c h a t e s  from a l f a l f a  (Medicago S a t i v a  L . )  and b l u e  

g r a s s  ( Poa n r a t e n s i s  L . )  were g r e a t l y  i n c r e a s e d  by d r y i n g  

o r  f r e e z i n g ,  two p r o c e s s e s  which  o c c u r  n a t u r a l l y  i n  t h e  

f i e l d .

The Dynamics o f  I n o r g a n i c  O r t h o p h o s p h a te s  i n  S o i l  and 

S u r f a c e  R u n o f f

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

t h e  l e a s t  m o b i le  o f  t h e  p l a n t  n u t r i e n t s .  L a i  (1 9 7 5 )  r e 

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

t h e  phosphorus  l o s s e s  o c c u r  th r o u g h  eroded  s e d i m e n t s ,  t h e  

c o n c e n t r a t i o n  o f  phosphorus  i n  r u n o f f  w a t e r  has  b een  r e 

p o r t e d  h i g h  enough t o  be a primary  c a u s e  o f  e u t r o p h i c a t i o n  

o f  w a te r  s u p p l i e s .  N i c h o l l s  e t  a l .  (197^)  o b s e r v e d  i n  

t h e i r  s t u d y  t h a t  more th a n  9 0 %  o f  t h e  t o t a l  P i n  r u n o f f  i s  

i n  t h e  s o l u b l e  form.
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The amount o f  d i s s o l v e d  i n o r g a n i c  o r t h o p h o s p h a te  in  

f l o o d e d  s o i l s ,  swamp and marsh s e d i m e n t s ,  and s h a l l o w  

b o d i e s  o f  w a te r  depends  on t h e  c a p a c i t y  o f  th e  s o i l  o r  

s e d im e n t  t o  r e l e a s e  o r t h o p h o s p h a t e  t o  a s o l u t i o n  lo w  in  

P and to  s o r b  i t  from a s o l u t i o n  h i g h  i n  P ( P a t r i c k  and 

K h a l i d ,  197*0 • S o i l s  and s e d im e n t s  t h u s  t e n d  to  have a 

b u f f e r i n g  e f f e c t  on s o l u t i o n  P.

W i l l i a m  e t  a l .  (1 9 7 0 )  i n d i c a t e d  t h a t  t h e  c a p a c i t y  o f  

l a k e  s e d im e n t s  to  r e t a i n  o r  r e l e a s e  P i s  one o f  t h e  impor

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

and o r g a n i c - P  i n  l a k e  w a t e r s .  P a t r i c k  and K h a l id  (197*0  

remarked t h a t  t h e  c a p a c i t y  o f  s o i l s  o r  s e d im e n t s  t o  sorb  

o r  r e l e a s e  P i n t o  s o l u t i o n  d e t e r m i n e s  w hether  t h e  P c o n c e n 

t r a t i o n  i n  t h e  i n t e r s t i t i a l  and o v e r l y i n g  w a te r  i s  adequate  

f o r  t h e  n u t r i t i o n a l  r e q u ir e m e n ts  o f  p l a n t s  and w hether  th e  

s o i l s  and s e d im e n t s  can remove enough P from s o l u t i o n s  h ig h  

i n  P t o  i n f l u e n c e  e u t r o p h i c a t i o n .  Thus t h e  c o n c e n t r a t i o n  

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

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

S y e r s  e t  a l .  (1 9 7 3 )  i n d i c a t e d  t h a t  a l t h o u g h  th e  

mechanism by which  P i s  removed from s o l u t i o n s  by sed im en t  

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

p r o c e s s  r a t h e r  than  a p r e c i p i t a t i o n  p r o c e s s .  T h i s  rem oval  

o f  d i s s o l v e d  P from i n t e r s t i t i a l  w a te r  i s  t h e r e f o r e  termed  

s o r p t i o n ,  and i t s  r e l e a s e  from p a r t i c u l a t e s  i s  termed
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d e s o r p t i o n .  F a c t o r s  t h a t  a r e  a s s o c i a t e d  w i t h  P s o r p t i o n -  

d e s o r p t i o n  p r o c e s s e s  have  "been examined by many w o r k er s .  

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

s o i l  or  s e d im e n t ,  c o n c e n t r a t i o n s  o f  Ca2+ and Mg ( P a t r i c k  

and K h a l i d ,  197^» c a l c iu m  c a r b o n a t e  c o n t e n t  (C o le  e t  a l . ,  

1953)» pH ( H in g s to n  e t  a l . ,  1 9 7 2 ) ,  i r o n  and aluminum o x i d e s  

(Hsu, 1 9 6 4 ) ,  and n a t u r e  o f  c l a y  m i n e r a l s  (M u lja d i  e t  a l . , 

1 9 6 6 ) .  W i l l i a m s  e t  a l .  (1971)  a t t r i b u t e d  P s o r p t i o n  to  a 

g e l  complex  c o n s i s t i n g  l a r g e l y  o f  h y d r a te d  i r o n  o x i d e .  

P a t r i c k  and K h a l id  (197*0 found t h a t  under  a n a e r o b i c  c o n 

d i t i o n s  more P was r e l e a s e d  from t h e  s o i l  i n t o  t h e  s o l u t i o n  

t h a n  under a e r o b i c  c o n d i t i o n s .  P a t r i c k  and K h a l id  (197*1-) 

f u r t h e r  s t a t e d  t h a t  t h e  d i f f e r e n c e  be tw een  r e d u c e d  and 

o x i d i z e d  s o i l s  i n  r e l e a s e  and s o r p t i o n  o f  P s u g g e s t s  t h a t  

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

m a t e r i a l  t h a t  r e a c t s  w i t h  P. The c o n v e r s i o n  o f  f e r r i c  

o x y h y d r o x id e  to  th e  more s o l u b l e  and h i g h l y  d i s p e r s e d  f e r 

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

s u r f a c e  a r e a  o f  t h e  i r o n  compounds r e a c t i v e  w i t h  P.

P a t r i c k  and K h a l id  (197*1-) f u r t h e r  s t a t e d  t h a t  f e r r i c  o x y 

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

i o n s  more f i r m l y  th a n  t h e  f e r r o u s  form, but  p r o b a b ly  has  

l e s s  s u r f a c e  a r e a  e x p o sed  to  t h e  s o l u t i o n  P th a n  t h e  g e l 

l i k e  h y d r a ted  f e r r o u s  o x i d e  o r  f e r r o u s  h y d r o x i d e .
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W i l l i a m s  e t  a l . (1 9 5 8 )  r e p o r t e d  on a t t e m p t s  made to  

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

C o r r e l a t i o n  b e tw een  P s o r p t i o n  and c l a y  c o n t e n t  a f t e r  r e 

moval o f  F e -  and A l - o x i d e s  and hydrous  o x i d e s  were o f t e n  

p o o r .

P h o sp h a te  a d s o r p t i o n  s t u d i e s  on s o i l s  have  b ee n  e x 

p r e s s e d  by b o t h  t h e  F r e u n d l i c h  i s o t h e r m  (Kutz e t  a l . , 1946;  

R u s s e l l  and Low, 1954)  and t h e  Langmuir i s o t h e r m  ( O l s e n  and 

Watanabe, 1957;  W oodruff  and Kamprath, 1 9 6 5 ) -  The major  

a d v a n ta g e  o f  th e  Langmuir e q u a t i o n  o v e r  t h e  F r e u n d l i c h  

e q u a t io n  i s  t h a t  an a d s o r p t i o n  maximum can be c a l c u l a t e d .

The Langmuir e q u a t i o n  b a se d  on t h e  k i n e t i c  t h e o r y  o f  g a s e s  

(Langmuir,  1918)  t o  d e s c r i b e  g a s  a d s o r p t i o n  on s o l i d s  i s  

u se d  i n  P a d s o r p t i o n  s t u d i e s  and may be e x p r e s s e d  i n  l i n e a r  

form as :

-  ( l / k b )  + (C /b)

where X/M mg o f  P a d so r b e d  per  100 g  o f  s o i l ,  

t h e  a d s o r p t i o n  maxima

t h e  e q u i l i b r i u m  P c o n c e n t r a t i o n  i n  m o l e s /  

l i t e r ,

C

k a c o n s t a n t  r e l a t e d  t o  t h e  b o n d in g  en e rg y

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

p ro ce d u re  f o r  t h e  e v a l u a t i o n  o f  s o i l  and s e d im e n t  c a p a c i t y  

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

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

The s t u d y  o f  W hite  and B e c k e t t  (1 9 6 4 )  co n d u c te d  a t  

i n i t i a l  d i s s o l v e d  i n o r g a n i c  P c o n c e n t r a t i o n s  comparable  t o  

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

b a s i s  f o r  u n d e r s t a n d i n g  t h e  i n t e r a c t i o n s  b e tw een  aqueous  

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

r e l a t i o n s h i p  i s  e x p r e s s e d  i n  F i g u r e  1 .

Sorbed

0
AP on 

s o i l
F i n a l  d i s s o l v e d  
I n o r g a n i c  P c o n c .

R e l e a s e d

F i g .  1 .  E q u i l i b r i u m  P C o n c e n t r a t i o n  Curve ( S c h e m a t i c ) .

The e q u i l i b r i u m  P c o n c e n t r a t i o n ,  E, i n  F i g u r e  1 a s  d e f i n e d  

by T a y l o r  and K u n i s h i  (1 9 7 1 )  i s  e q u i v a l e n t  to  t h e  i n o r g a n i c
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P c o n c e n t r a t i o n  i n  t h e  am bient  aqueous phase  when t h e r e  i s  

no n e t  s o r p t i o n  o r  r e l e a s e  o f  P i . e .  AP = 0 .  Ryden e t  a l .  

(1 9 7 3 )  i n d i c a t e d  t h a t  t h i s  i s  a p o i n t  o f  r e f e r e n c e  which  

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

P s h o u ld  t h e  P c o n c e n t r a t i o n  i n  s o l u t i o n  ch a n g e .  Ryden 

e t  a l .  (1973)  f u r t h e r  i n d i c a t e d  t h a t  the a v e r a g e  s l o p e  o f  

t h e  s o r p t i o n  curve  o v e r  a g i v e n  P c o n c e n t r a t i o n  ra n g e  p r o 

v i d e s  i n f o r m a t i o n  on t h e  a b i l i t y  o f  t h e  s o i l  t o  m a in t a i n  

t h e  P c o n c e n t r a t i o n  a t  th e  e q u i l i b r i u m  c o n c e n t r a t i o n .  The 

s t e e p e r  t h e  s l o p e ,  t h e  c l o s e r  w i l l  be t h e  f i n a l  P c o n c e n 

t r a t i o n  a t  t h e  e q u i l i b r i u m  P c o n c e n t r a t i o n .  Ryden e t  a l .

(1 9 7 3 )  f u r t h e r  i n d i c a t e d  t h a t  t h e  s l o p e  o f  t h e  c u r v e ,  a l 

though n o t  r e l a t e d  t o  t h e  t o t a l  P s o r b e d ,  i s  r e l a t e d  t o  

t h e  e x t e n t  to  w h ich  t h a t  s o i l  may s o r b  P o v e r  t h e  c o n c e n 

t r a t i o n  c o n s i d e r e d .

N u t r i e n t  l o s s e s  i n  s u r f a c e  r u n o f f  from a g r i c u l t u r a l  

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

s o i l  f e r t i l i t y  s t a t u s ;  i n t e n s i t y  o f  r a i n f a l l  and t h e  

q u a n t i t y  o f  t r a n s p o r t i n g  w a ter ;  t i m e ,  r a t e  and method o f  

f e r t i l i z e r  a p p l i c a t i o n ;  and t h e  c a p a c i t y  o f .  t h e  s o i l  t o  

r e l e a s e  t h e  n u t r i e n t  a s  i n  t h e  c a s e  o f  i n o r g a n i c  p h o sp h o ru s .
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S l o t  M u lch in g  and S l o t  T r e n c h in g  C o n c ep ts ;  A l t e r n a t i v e  

T i l l a g e  and R e s i d u e  Management T e c h n iq u e s  f o r  S o i l  and 

Water C o n s e r v a t i o n

S l o t  Mulch C o n c e r t ;

S a x t o n  e t  a l .  ( 1 9 8 1 )  d e v e l o p e d  and i n v e s t i g a t e d  a s l o t  

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

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

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

w i t h  t h e  c r o p  r e s i d u e  w e l l  ex p o sed  above  t h e  s o i l  s u r f a c e .  

The s l o t  i s  i n s t a l l e d  on t h e  c o n t o u r .  S a x t o n  e t  a l .  (1981)  

u se d  s l o t  w i d t h s  o f  5 ‘to  10 cm and d e p t h s  o f  2 0 - 2 5  cm.

T h e s e  w orkers  f u r t h e r  i n d i c a t e d  t h a t  t h e y  have n o t  y e t  

d e te r m in e d  t h e  b e s t  s l o t  d im e n s io n s  and s p a c i n g s  f o r  optimum 

w a t e r  i n f i l t r a t i o n  and minimum e n e r g y  u s e .

S a x t o n  e t  a l .  (1 9 8 1 )  f u r t h e r  s t a t e d  t h a t  d u r i n g  r u n o f f ,  

w a t e r  w i l l  f l o w  i n t o  t h e  s l o t  and downward th ro u g h  t h e  

r e s i d u e .  Water w i l l  p e n e t r a t e  t h e  s l o t  mulch o n l y  i f  t h e  

m ulch i s  n o t  c o v e r e d  by s o i l  and i f  t h e  s l o t  can  r e a d i l y  

i n t e r c e p t  f r e e  w a t e r  on t h e  s u r f a c e .  C o v e r i n g  t h e  mulch  

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

i n e f f e c t i v e  i n  most s i t u a t i o n s .

S l o t  T r e n c h i n g  C o n c e p t ;

A number o f  w o rk ers  (B r a d fo r d  and B la n c h a r ,  1980;

U n ger ,  1970;  Hauser and T a y l o r ,  1 9 6 ^) have a t te m p te d
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d i f f e r e n t  t i l l a g e  methods such  a s  t r e n c h i n g ,  d eep  c h i s e l i n g  

and s u b s o i l i n g  as  a l t e r n a t i v e  t e c h n i q u e s  t o  a c h i e v e  more 

e f f i c i e n t  u s e  o f  s o i l s  t h a t  r e s t r i c t  downward movement o f  

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

t h i s  c o n d i t i o n  has b een  th e  d i s r u p t i o n  o f  t h e  r e s t r i c t i v e  

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

c r e a t i n g  a more d e s i r a b l e  p h y s i c a l  en v iron m ent  f o r  b i o 

l o g i c a l  a c t i v i t y  and r o o t  growth .  Unger (1 9 7 0 )  m en t ion ed  

t h a t  t h e  m o d i f i c a t i o n  o f  th e  s l o w l y  p er m ea b le  Pul lm an s o i l  

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

c i p i t a t i o n  and i r r i g a t i o n  w a ter  a v a i l a b l e  f o r  c r o p  p rod u c

t i o n  on t h e  S o u th e r n  High P l a i n s .  Unger (1 9 7 0 )  f u r t h e r  

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

mass to  90 or  150 cm i s  p r o h i b i t i v e  a t  p r e s e n t ,  some form  

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

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

w i t h  p r o f i l e  m o d i f i c a t i o n .
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P r e v i o u s  R e s e a r c h  on V e r t i c a l / S l o t  Mulch;

S p a in  and McCune (1956)  were among t h e  f i r s t  t o  u s e  a 

v e r t i c a l  mulch t o  enhance  t h e  e f f e c t i v e n e s s  o f  s u h s o i l i n g .  

They b lew  c r o p  r e s i d u e s  i n t o  t h e  t r e n c h  to  k eep  i t  s t a b i l 

i z e d  and open .  T h is  c o n c e p t  showed prom ise  o f  i n c r e a s i n g  

i n f l i l t r a t i o n .  P e b b l e r  (1959)  d e v e lo p e d  a machine  f o r  su b 

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

w id e r  t r i a l  o f  t h e  v e r t i c a l  mulch c o n c e p t .  R e s u l t s  o f  t h e s e

t r i a l s  were n o t  i m p r e s s i v e  a s  t h e  v e r t i c a l  mulch showed

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

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

C lark  and Hore ( 1 9 6 5 ) used  7*1- cm d eep  c h a n n e l s  w i t h  

s p a c i n g s  o f  0 . 9  m t o  1 . 2  m a p a r t  and f i l l e d  w i t h  chopped  

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

w a te r  i n f i l t r a t i o n  and s t o r a g e .  No m ea su ra b le  e f f e c t s  were  

o b s e r v e d .  I t  s h o u l d  be n o te d  t h a t  t h e  e x p e r i m e n t a l  p l o t s  

w ere plowed and t i l l e d  f o l l o w i n g  t h e  v e r t i c a l  mulch t r e a t 

ment .

F a ir b o u r n  and Gardner ( 1 9 7 2 ,  197*0 e v a l u a t e d  t h e  

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

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

t e s t s  and f i e l d  e x p e r i m e n t s .  T h e i r  r e s u l t s  showed t h a t  

s o i l  w a te r  e v a p o r a t i o n  was l o w e s t  on th e  m ic r o w a te r sh e d  

w i t h  v e r t i c a l  mulch ,  which  c o n c e n t r a t e d  r u n o f f  and enhanced  

d e e p  p e r c o l a t i o n .  F a ir b o u r n  and Gardner (197*1-) fou nd  t h a t
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i n c r e a s e d  s o i l  w a t e r  s t o r a g e  a s s o c i a t e d  w i t h  t h e  v e r t i c a l  

mulch was l a r g e l y  r e s p o n s i b l e  f o r  an i n c r e a s e  i n  sorghum  

( Sorghum v u l g a r e  L . )  y i e l d s  r a n g i n g  from 37% to  150% more 

th a n  th e  c o n t r o l  t r e a t m e n t .

Rao e t  a l .  (1 9 7 7 )  o b se rv ed  a s i g n i f i c a n t  y i e l d  i n c r e a s e  

i n  v e r t i c a l  mulch p l o t s  on a v e r t i s o l  w i t h  v e r y  low  w a te r  

i n t a k e  r a t e s ,  p a r t i c u l a r l y  i n  t h o s e  y e a r s  when w a te r  l i m i t e d  

crop  g ro w th .  H au ser  and T a y lo r  (1964-) r e p o r t e d  a c o n s i d e r a b l e  

i n c r e a s e  i n  w a ter  i n f i l t r a t i o n  on v e r t i c a l  mulch p l o t s  

under i r r i g a t i o n .  Even a f t e r  su b se q u e n t  t i l l a g e  f r e e  w a te r  

was a b l e  t o  p e n e t r a t e  i n t o  t h e  mulched t r e n c h e s ,  p r o b a b ly  

th rou gh  s o i l  c r a c k s .

P arr  (1 9 5 9 )  c o n d u c te d  a s t u d y  on Crosby s i l t  loam w i t h  

an impermeable  Ag h o r i z o n  to  e v a l u a t e  t h e  i n f l u e n c e  o f  

v e r t i c a l  m u lc h in g  compared to  s u b s o i l i n g  on s o i l  p h y s i c a l  

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

d i s t a n c e s  from t h e  c h a n n e l .  He co n c lu d ed  t h a t  t h e  b u lk  

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

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

v a l u e s  f o r  v e r t i c a l  m ulch ing  were h i g h e r  than  f o r  s u b s o i l 

i n g ;  and a g g r e g a t e  i n d e x  v a l u e s  were u s u a l l y  h i g h e r  f o r  t h e  

v e r t i c a l  mulch t r e a t m e n t s .

S w a rtzen d ru b er  ( i 9 6 0 , 1 9 6 ^) used  m a th e m a t ic a l  s o l u 

t i o n s  t o  i n v e s t i g a t e  th e  e f f e c t i v e n e s s  o f  v e r t i c a l l y  mulched  

c h a n n e l s .  The summary o f  h i s  f i n d i n g  s t a t e s :  I f  w ater
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e n t e r s  t h e  s o i l  th r o u g h  t h e  o r i g i n a l  s o i l  s u r f a c e  as w e l l  

as the channel  s u r f a c e s ,  th e  i n c r e a s e  i n  f l o w  due t o  th e  

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

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

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

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

S i n c e  d ep th  o f  w e t t i n g  has  an e f f e c t  on s o i l  w a ter  

s t o r a g e ,  a v e r t i c a l  mulch o f f e r s  a p o s s i b l e  way to  g e t  

w a t e r  i n t o  t h e  s o i l  r e a d i l y  a t  g r e a t e r  d e p t h s  th a n  by w e t 

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

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

S w a rtzen d ru b er  ( I9 6 0 ) ,  in  a m a th e m a t ic a l  s o l u t i o n  de-  • 

veloped a d ep th  : s p a c i n g  fo r m u la ,  dQ = 0 . 2 8 S ,  which  he p r e 

s e n t e d  as  a t e n t a t i v e  d e s i g n  c r i t e r i o n  f o r  t h e  p lacem en t  

o f  v e r t i c a l  mulch c h a n n e l s .  I n  t h e  formula? dQ i s  d e p th  

and S i s  s p a c i n g  i n t e r v a l  b e tw een  c h a n n e l s  i n  f e e t .  S p a in  

and McCune (1 9 5 6 )  u sed  S = 2 . 0 3  m eters  and dQ = 5 0 . 8 1  cm. 

S a x to n  e t  a l . '  (1 9 8 1 )  u s e d  s e v e r a l  s p a c i n g s  i n  t h e i r

p r e l i m i n a r y  s t u d i e s  w i t h  S = 2.il4m, 3*66m, 3«96m and 6.10m;  

and dQ= 20 to  25 cm. I n  a n o t h e r  s t u d y ,  Rao e t  a l .  (1977)  

found t h a t  3 0 . 5  cm d ee p  t r e n c h e s  were as  e f f e c t i v e  as  6 l  cm 

and 91 cm deep  t r e n c h e s  f o r  v e r t i c a l  mulch s t u d i e s .  Rao 

e t  a l .  (1 9 7 7 )  recommended a k  m s p a c i n g  b ased  on t h e  r e s u l t  

o f  t h e i r  s t u d y .
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T h ese  s t u d i e s  a l l  i n d i c a t e  t h a t  v e r t i c a l  m u lc h in g  does  

i n c r e a s e  i n f i l t r a t i o n ,  e s p e c i a l l y  where a r e s t r i c t i n g  s o i l  

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

s e a l i n g  and f r a g i p a n  l a y e r s .  S a x t o n  e t  a l .  (1 9 8 1 )  i n f e r r e d  

t h a t  t i l l a g e  a c r o s s  t h e  mulched c h a n n e l s  d e s t r o y s  t h e  

t r e a t m e n t  by  d i s c o n n e c t i n g  t h e  m a c r o p o r o s i t y  o f  t h e  mulch'  

from th e  s o i l  s u r f a c e  where f r e e  w a ter  i s  a v a i l a b l e  f o r  

i n f i l t r a t i o n .  V e r t i c a l  mulch i s  t h e r e f o r e  more a d a p t a b le  

to  n o - t i l l a g e  p l o t s  and i t  i s  u se d  i n  t h a t  f a s h i o n  in  th e  

p r e s e n t  s t u d y .

P r e v i o u s  R e s e a r c h  on P r o f i l e  M o d i f i c a t i o n ;

B u r n e t t  and T a c k e t t  ( 1 9 6 8 ) grew c o t t o n  p l a n t s  

( Gossypium h ir su tu m  L . )  i n  H ouston  b l a c k  c l a y  s o i l  (U dic  

P e l l u s t e r t  i . e .  v e r t i s o l  ) t h a t  was m o d i f i e d  by t r e n c h i n g  

t o  120 cm. They fou nd  t h a t  r o o t  grow th  was i n c r e a s e d  as  

a r e s u l t  o f  t r e n c h i n g .  T h i s  i n c r e a s e  was p r o b a b ly  a s s o 

c i a t e d  w i t h  i n c r e a s e d  s o i l  m o i s t u r e ,  d e c r e a s e d  s o i l  bu lk  

d e n s i t y  and i n c r e a s e d  s o i l  vo lum e a v a i l a b l e  t o  r o o t s .

Bradford  and B la n c h a r  (1 9 8 0 )  e v a l u a t e d  th e  e f f e c t s  o f  

p r o f i l e  m o d i f i c a t i o n  on a Hobson s o i l  p r o f i l e  ( T y p ic  

F r a g i u d a l f  ) w h ich  r e s t r i c t e d  t h e  downward movement o f  

w a te r  and p l a n t  r o o t s . .  Over a  3 - y e a r  p e r i o d ,  sorghum 

g r a i n  (Sorghum v u l g a r e  L . )  y i e l d s  were i n c r e a s e d  

"by 5 0 $  due t o  th o ro u g h  m ix i n g  a l o n e ,  and 150$ .
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when l im e  and f e r t i l i z e r  w ere  added p r i o r  to  m ix in g .  In  

a n o t h e r  s t u d y ,  B radford  and B la n c h a r  (1 9 7 7 )  found  t h a t  in  

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

o f  a M i s s o u r i  Typ ic  F r a g i u d a l f ,  a v a i l a b l e  w a te r  s t o r a g e  and 

y i e l d s  o f  g r a i n  sorghum (Sorghum b i c o l o r  ( L . )  Moench) 

w ere i n c r e a s e d .  W i th in  u n m o d i f i e d  a r e a s ,  sorghum y i e l d s  

a v e r a g e d  1840 k g / h a .  Deep t r e n c h i n g  w i t h o u t  c h e m ic a l  or  

p h y s i c a l  a d d i t i v e s  i n c r e a s e d  y i e l d s  t o  4322 k g / h a .  Bradford  

and B la n ch a r  (1977)  found t h a t  m ix in g  l i m e ,  f e r t i l i z e r  and 

saw dust  w i t h  t h e  s o i l  m a t e r i a l  w i t h i n  t h e  t r e n c h e s  i n 

c r e a s e d  g r a i n  sorghum y i e l d s  t o  5987 k g / h a .  From t h e i r  

o b s e r v a t i o n s ,  B radford  and B la n c h a r  (1 9 7 7 )  c o n c lu d e d  t h a t  

p r o f i l e  m o d i f i c a t i o n  i n c r e a s e d  s t o r a g e  o f  w a te r  a v a i l a b l e  in 

t h e  p l a n t  r o o t s  by i n c r e a s i n g  t o t a l  p o re  s p a c e  ( d e c r e a s i n g  

b u lk  d e n s i t y ) , by i n c r e a s i n g  t h e  s a t u r a t e d  h y d r a u l i c  c o n 

d u c t i v i t y ,  and by d e c r e a s i n g  t h e  m e c h a n ic a l  r e s i s t a n c e  to  

p l a n t  r o o t s .

Unger (1 9 7 0 )  e v a l u a t e d  t h e  p o t e n t i a l  o f  p r o f i l e  modi

f i c a t i o n  f o r  i n c r e a s i n g  w a te r  i n t a k e ,  r e t e n t i o n ,  and 

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

90  and 150  cm e f f e c t i v e l y  d i s r u p t e d  t h e  s l o w l y  perm eable  

h o r i z o n  o f  a ,  Pullman soiL S o i l  b u lk  d e n s i t y  and s t r e n g t h  

were s i g n i f i c a n t l y  d e c r e a s e d ,  and s o i l  p o r o s i t y  was s i g n i f 

i c a n t l y  i n c r e a s e d .  Unger (1 9 7 0 )  found t h a t  u n m o d if ied  s o i l  

r e t a i n e d  more w a ter  on a v o l u m e t r i c  b a s i s  t h a n  m o d i f i e d
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s o i l  a t  1/ 3 -  and 1 5 - b a r  t e n s i o n ,  but  p l a n t - a v a i l a b l e  w a ter  

a s  e s t i m a t e d  from t h e  l / 3 ~ anc  ̂ 1 5 ~bar v a l u e s  was n o t  

a l t e r e d  by m o d i f i c a t i o n .  Unger (1 9 7 0 )  f u r t h e r  i n d i c a t e d  

t h a t  t h e  lo w e r  w a te r  c o n t e n t s  o f  t h e  m o d i f i e d  s o i l  a t  low  

t e n s i o n s  p r o v id e d  f o r  p o t e n t i a l l y  g r e a t e r  a e r a t i o n .  He 

fo u n d  t h a t  w ater  e n t e r e d  m o d i f i e d  s o i l  more r a p i d l y  than  

u n m o d i f i e d  s o i l  under f i e l d  c o n d i t i o n s .

G e n e r a l l y ,  t r e n c h i n g  has  been  a s s o c i a t e d  w i th  

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

and d e c r e a s e d  s o i l  b u lk  d e n s i t y  i n  t h e  t r e n c h e s .  The 

enhanced  i n f i l t r a t i o n  r a t e ,  h i g h e r  p o r o s i t y  and h i g h e r  

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

d e s i r a b l e  c h a r a c t e r i s t i c s  t h a t  can d i r e c t l y  r e t a r d  t h e  r a t e  

o f  s u r f a c e  r u n o f f  and s o i l  e r o s i o n  d u r in g  a s torm  e v e n t  

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

On t h e  o t h e r  hand ,  s i n c e  t r e n c h i n g  r e d u c e s  t h e  c o h e s i v e n e s s  

o f  s o i l  p a r t i c l e s ,  i t  m ig h t  a l s o  make t h e  p a r t i c l e s  much 

more v u l n e r a b l e  t o  r a i n f a l l  s p l a s h  a c t i o n  which  m ight  

r e s u l t  i n  a c c e l e r a t e d  s o i l  detachm ent  and s e d im e n t  t r a n s p o r t  

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



OBJECTIVES OF THE STUDY

1.  To e v a l u a t e  t h e  r e l a t i o n s h i p  betw een  t h e  p h y s i c a l  

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

k i n e t i c  e n e r g y  and r a i n f a l l  amount) and s o i l  l o s s  from  

a s t u d y  s i t e ,  k now ledge  o f  which  i s  im p o r ta n t  f o r  

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

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

management s y s t e m s  ( s l o t  mulch and s l o t  t r e n c h i n g )  a t  

v a r i a b l e  i n t e r v a l s  ( 9 1 . -̂ and 1 8 2 .9  cm s p a c i n g s )  on t h e  

r e d u c t i o n  o f  s e d im e n t  and r u n o f f  l o s s e s  from m i c r o 

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

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

management s y s t e m s  f o r  i n c r e a s i n g  so y b ea n  y i e l d  th ro u g h  

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

To examine n u t r i e n t  l o s s e s  a s s o c i a t e d  w i t h  s ed im e n t  

and r u n o f f  from m i c r o p l o t s  under  d i f f e r e n t  s o i l  

management s y s t e m s .

5 .  To examine t h e  p h o s p h a t e  s o r p t i o n  i s o t h e r m s  f o r  Miamian  

and C e l i n a  s o i l s  and r e l a t e  t h e s e  w i t h  s o l u b l e  p h o sp h a te  

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

36
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6 .  To examine t h e  r e l a t i o n s h i p s  b e tw een  o b se r v e d  s o i l  

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

l o s s e s  from t h e  s t u d y  s i t e .
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EXPERIMENTAL SITE

The s t u d y  was co n d u cted  a t  t h e  Ohio S t a t e  U n i v e r s i t y  

Agronomy Farm, Columbus,  Ohio .

S o i l s  ■

R e p l i c a t e s  1 ,  2 and 3 were l o c a t e d  on Miamian s i l t y  

c l a y  loam ( f i n e ,  m ixed ,  m es ic  Typic H a p l u d a l f  ) w h i l e  

r e p l i c a t e  ^ was on M ia m ia n -C e l in a  a s s o c i a t i o n .  C e l i n a  

s i l t  loam i s  c l a s s i f i e d  as  f i n e ,  mixed,  m esic  Aquic  

H a p l u d a l f  .

The Miamian s i l t y  c l a y  loam i s  w e l l  d r a in e d  and has  

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

brown, f r i a b l e  s i l t y  c l a y  loam about 23 cm t h i c k .  The 

s u b s o i l  o f  dark y e l l o w i s h  brown and y e l l o w i s h  brown, f i r m  

and v e r y  f i r m  c l a y  loam e x t e n d s  t o  ab o u t  6 ^ cm d e p t h .  The 

s u b s o i l  i s  h i g h e r  i n  b o th  c l a y  and c o a r s e  fragment  c o n 

t e n t  th a n  t h e  s u r f a c e  h o r i z o n .  The s u b s tr a tu m  t h a t  e x 

t e n d s  t o  ab o u t  178  cm d e p th  i s  g l a c i a l  t i l l  o f  y e l l o w i s h  

brown, m o t t l e d ,  v e r y  f i r m  c l a y  loam and f i r m  loam. The 

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

i . e . ,  s e v e r e  l i m i t a t i o n s  due t o  r i s k  o f  e r o s i o n  t h a t  r e 

d u c es  th e  c h o i c e  o f  p l a n t s  or  r e q u i r e s  s p e c i a l  c o n s e r v a t i o n  

p r a c t i c e s  ( S o i l  S u r v e y  o f  F r a n k l i n  C ounty ,  O h io ,  1 9 8 0 ) .
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P a r t s  o f  t h e  o r i g i n a l  s o i l  s u r f a c e  a t  t h e  s i t e  have  been  

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

C e l i n a  s i l t  loam i s  a d e e p ,  m o d e r a t e l y  w e l l  d r a in e d  

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

i s  dark brown, f r i a b l e  s i l t  loam o f  a b o u t  18 cm d e p t h .  The 

s u b s o i l  i s  y e l l o w i s h  brown t o  dark y e l l o w i s h  brown, f i r m ,  

s i l t y  c l a y  loam and c l a y  loam t h a t  e x t e n d s  t o  a b o u t  64  cm 

d e p t h .  The s u b s tr a tu m  i s  loam and i t  i s  h i g h  i n  c o a r s e  

f r a g m e n t s .  The s u b s tr a tu m  e x t e n d s  t o  about  178 cm d ep th  

and b e low  this d e p th  i s  g l a c i a l  t i l l .  The c a p a b i l i t y  s u b 

c l a s s  f o r  C e l i n a  i s  l i e ;  i . e . ,  t h e  main l i m i t a t i o n  i s  r i s k  

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

( S o i l  S u r v e y  o f  F r a n k l i n  County ,  O hio ,  1 9 8 0 ) .

S l o n e

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

t a t i o n  o f  t h e  s l o p e  i n  each  m i c r o p l o t  was from t h e  s o u t h  to  

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

p l o t  ran ged  from 1 . 8  t o  10 .  The a v e r a g e  s l o p e  v a l u e s  

f o r  t h e  f o u r  r e p l i c a t e s  were as  f o l l o w s :  

r e p l i c a t e  one 8 . 4 $

r e p l i c a t e  two 8 . 6$

r e p l i c a t e  t h r e e  7 *6$ and

r e p l i c a t e  f o u r  4 . 0 $
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The mean s l o p e  v a l u e s  f o r  t h e  t r e a t m e n t s  were:

c o n t r o l  ( n o - t i l l a g e )  6 . 6%°

s l o t  mulch a t  9 1 - 4  cm s p a c i n g  7 -5% °

s l o t  mulch a t  1 8 2 . 9  cm s p a c i n g  7 -7% °

s l o t  t r e n c h i n g  a t  91  cm s p a c i n g  7 *1$  

s l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g  6 .7% >

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

A p p en d ix  A.

C l i m a t e

Columbus,  Ohio has a humid, t e m p e r a t e ,  c o n t i n e n t a l  

c l i m a t e .  The 37 y e a r  a v e r a g e  p r e c i p i t a t i o n  r e c o r d  ( 1 9 3 1 -  

1968)  f o r  Columbus ( P o r t  Columbus A i r p o r t )  i s  g i v e n  in  

T a b le  2. The r a i n f a l l  r e c o r d  f o r  t h e  s t u d y  p e r i o d  (May- 

November, 1982)  i s  g i v e n  i n  T a b le  3*

T a b le  2 .  A v era g e  m on th ly  r a i n f a l l  d a t a  (mm) f o r  Columbus,  
Ohio ( 1 9 3 1 - 1 9 6 8 )

J a n . 7 5 - 7 May 9 2 . 7 S e p t . 6 3 . 7
F e b . 6 4 . 3 June 8 9 -9 O c t . 5 6 . 6
March 1 0 5 . 9 J u l y 9 3 . 5 Nov. 6 7 . 0
A p r i l 8 0 . 5 Aug. 7 8 . 0 D e c . 6 4 . 5
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T a b le  3- T o t a l  m onth ly  r a i n f a l l  d a t a  (mm) a t  th e  s t u d y  
s i t e  d u r in g  t h e  f i e l d  s t u d y  p e r i o d  (M ay-  N o v . ,  
1982 ) .

V e g e t a t i o n  and L a n d -u se

The s e c t i o n  o f  t h e  Agronomy Farm where t h e  e x p e r i 

m e n ta l  p l o t s  were l o c a t e d  has  been  under g r a s s  c o v e r  f o r  

many y e a r s  a s  i n d i c a t e d  i n  t h e  1939  s o i l  s u r v e y  o f  t h e  

farm .  The g r a s s  c o v e r  has  b een  mowed c o n s t a n t l y  and l e f t  

i n  p l a c e .  There  has  been  no c u l t i v a t i o n  o r  s o i l  d i s t u r b a n c e  

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

c e n t u r y  ( 1 9 3 2 - 1 9 8 2 ) .

May
June
J u l y
Aug.

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

S e p t . 
O c t . 
Nov.

8 1 . 3  
2 9 . 7  

160 .3



MATERIALS AND METHODS

F i e l d  Proced u re

The f i e l d  e x p e r im e n t  was c o n d u c te d  i n  t h e  summer and 

f a l l  o f  1982.  The f i r s t  and l a s t  r u n o f f  d a t a  c o l l e c t i o n s  

were on Septem ber  2 and November 2 1 ,  1982 ,  r e s p e c t i v e l y .  

A d d i t i o n a l  r u n o f f  d a t a  were c o l l e c t e d  f o u r  t i m e s  b etw een  

t h e s e  d a t e s .

G ly p h o sa te  h e r b i c i d e  w i t h  a  recommended r a t e  o f  1 . 6 8  

k g . h a  a c t i v e  i n g r e d i e n t  was u se d  i n  an a t t e m p t  t o  k i l l

a l l  e x i s t i n g  v e g e t a t i o n  on t h e  e x p e r i m e n t a l  s i t e .  The weeds  

were l a t e r  mowed and l e f t  i n  p l a c e .  Soybeans  were f i r s t  

p l a n t e d  on May 3» 1982 but  due t o  e x c e s s i v e  weed growth  

and poor  so y b e a n  s t a n d s  as  a r e s u l t  o f  v e r y  dry w e a th e r  

c o n d i t i o n s ,  a s e c o n d  a p p l i c a t i o n  o f  g l y p h o s a t e  w i t h  3.36  

k g . h a  r a t e  was sp r a y e d  on t h e  s i t e  and t h e  so y b e a n s  were  

r e s e e d e d  on June  18 ,  198 2 .  S oybeans  were s e e d e d  d i r e c t l y  

i n t o  t h e  weed r e s i d u e  u s i n g  a "Tye" n o - t i l l  d r i l l .  F i v e  

c o n t in u o u s  rows o f  s o y b e a n s  were s e e d e d  a c r o s s  t h e  s l o p e  on 

t h e  e n t i r e  e x p e r i m e n t a l  s i t e  w i t h  5 0 . 8  cm s p a c i n g  b e tw een  

rows and ab o u t  12 s e e d s  p e r  3 0 . 5  cm. The n o - t i l l  d r i l l  

p l a n t e r  c r e a t e d  m in im al  s o i l  d i s t u r b a n c e  i n  t h e  s tu d y  

s i t e .  There were no o t h e r  t i l l a g e  o p e r a t i o n s  p er form ed  on

k2
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t h e  s i t e  e x c e p t  t h e  i n c o r p o r a t i o n  o f  t r e a t m e n t s  b e in g  

exam ined.

The soybean  v a r i e t y  u se d  f o r  t h e  s tu d y  was W i l l ia m s  79» 

a v a r i e t y  t h a t  r e q u i r e s  141 days  from p l a n t i n g  t o  m a t u r i t y  

i n  C e n t r a l  Ohio.  F e r t i l i z a t i o n  o f  t h e  e x p e r i m e n t a l  s i t e  was 

by b r o a d c a s t  method a t  a r a t e  o f  22k  k g . h a -  ̂ ( 5 - 2 0 - 3 5 » ? 2 ° 5  

K2 0 )  on J u l y  5 ,  1982 .

When t h e  so y bea n  s t a n d s  were f u l l y  e s t a b l i s h e d ,  th e  

e x p e r i m e n t a l  p l o t  was d i v i d e d  i n t o  k  r e p l i c a t e s ,  w i t h  each  

r e p l i c a t e  m ea su r in g  3 - 0 -̂ m l o n g  up and down th e  s l o p e  and 

6 . 1  m wide  a c r o s s  t h e  s l o p e .  F i v e  m i c r o - p l o t s  each m ea su r in g

1 . 2 2  m wide a c r o s s  t h e  s l o p e  ( i . e .  on t h e  c o n to u r )  and J . O k  m 

l o n g  up and down t h e  s l o p e  were c o n s t r u c t e d  w i th  f i b e r  g l a s s  

s h e e t s  w i t h i n  each r e p l i c a t e  ( F ig u r e  2 ) .  Each o f  t h e  5 

t r e a t m e n t s  under e x a m in a t io n  were randomly a s s i g n e d  t o  t h e

1 .2 2 m

Soybean row s

y  F ib er-g lass  plot edge3.045
m

Sunken collection 
t r o u g ho

c
o

F i g .  2 .  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  s i z e ,  s h a p e ,
s o y b e a n  row s p a c i n g  and s l o p e  o r i e n t a t i o n  f o r  a 
s i n g l e  m i c r o p l o t .



m i c r o - p l o t s  i n  each  r e p l i c a t e  u s i n g  t h e  t a b l e  o f  "Ten

thousand  random d i g i t s "  ( S t e e l  and T o r r i e ,  i 9 6 0 ) .  Each

m i c r o - p l o t  had w i t h i n  i t s  b o r d e r s ,  t h e  5 rows o f  so y b ea n  as

shown i n  F i g u r e  2 .  There  were two t r e a t m e n t s  a t  two s p a c i n g

i n t e r v a l s  o f  91*^ cm and 1 8 2 .9  cm and a c o n t r o l .  The

t r e a t m e n t s  were v e r t i c a l  or  s l o t  mulch and s l o t  t r e n c h i n g ,

t h e s e  were p u t  i n  p l a c e  on J u l y  10 ,  1982 .

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

s i t e  on J u l y  12,  1 9 8 2 . The r a i n g a g e  r e c o r d e d  r a i n f a l l

amounts ,  d u r a t i o n  and i n t e n s i t y  on c h a r t s .  Rain w a te r  i n

t h e  r a i n g a g e  c o l l e c t i o n  b u c k e t  were r e t r i e v e d  d u r in g  r o u t i n e

r u n o f f  sample  c o l l e c t i o n  and a n a l y z e d  f o r  n i t r a t e -  and

ammonium- n i t r o g e n  a d d i t i o n  t o  t h e  s i t e  from t h e  a tm o sp h ere .

P o a s t - s e t h o x y d i m ,  a g r a s s  k i l l i n g  h e r b i c i d e  was

sp r a y e d  on a l l  th e  m i c r o - p l o t s  on J u l y  19» 1982 a t  a r a t e  
-1

o f  0 . 2 2  k g .h a

M i c r o - P l o t  D e s i g n  and C o n s t r u c t i o n

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

( F i g u r e s  3 and U ) . The f i b e r  g l a s s  ed ges  e x te n d e d  2 2 . 9  cm 

b e lo w  ground s u r f a c e  and 2 0 . 3  cm a b ove  t h e  ground s u r f a c e .

The p l o t s  were i s o l a t e d  so as  t o  p r e v e n t  t h e  p a s s a g e  o f  w ater  

i n t o  or  o u t  o f  t h e  p l o t  b o t h  above  ground and b e lo w .  A

1 . 2 2  m l o n g  p o l y t h e n e  p i p e  w i t h  1 0 . 2  cm d i a m e t e r  c u t  l e n g t h 

w i s e  was sunken i n t o  t h e  s o i l ,  c o v e r i n g  t h e  e n t i r e  w id th
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o f  t h e  dow n-s lop e  edge o f  th e  p l o t .  The p ip e  se rv ed  as a 

c o l l e c t i n g  trou gh  f o r  r u n o f f  water and se d im e n t .  The 

tro u g h  was c o n n ec ted  in  t h e  middle  w i th  f l e x i b l e  aluminum 

s h e e t  to  a 1 meter lo n g  p o ly th en e  p ipe  (F ig u r e  4 ) .  The 

l a t t e r  was c o n n ec ted  t o  a sunken catchment tank ( 113.55 

l i t e r  drum) h o l d in g  a graduated p l a s t i c  b u ck e t .  The c a t c h 

ment tank had a d e t a c h a b l e  l i d  which when put in  p la c e  

prevented  e v a p o r a t io n  and d i r e c t  r a i n - f a l l  i n t o  the  tank.  

Seepage  o f  r a in  from each p l o t  was preven ted  by s e a l i n g  the  

edges  o f  each c o n n e c t i n g  m a t e r i a l  ( f i b e r  g l a s s ,  p l a s t i c  

p ip e s )  w i th  ca u lk  d u r in g  c o n s t r u c t i o n .

1 .2 2 m

Soybean row s

y  ber-g lass plot edge

Sunken collection 
J,,— t ro u g h

3.045
m

o

<=
o

C onnecting  pipe
C o llec tio n

bucket

Sunken c a tch m en t  
ta n k

F i g .  3- Schem atic  r e p r e s e n t a t i o n  o f  a m ic r o p lo t  and the  
r u n o f f  c o l l e c t i o n  d e v i c e  i n s t a l l e d  a t  the  lower  
end o f  t h e  p l o t .
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M icroplot boundary above 
ground surface Ground s u rfa c e

Connecting

aZTc*

Plot edge below  
ground su rface

R unoff co llection  
bucket

Sunken ca tc hm en t
tank

F i g .  4 .  S c h e m a t ic  r e p r e s e n t a t i o n  o f  micro p l o t  e l e v a t i o n  
sh o w in g  t h e  sunken r u n o f f  ca tchm ent  s y s t e m  and 
t h e  v e r t i c a l  d im e n s io n s  o f  t h e  m i c r o p l o t  boundary .
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T re a tm en t  Forms;

C o n t r o l :

When so y b e a n  s t a n d s  were f u l l y  e s t a b l i s h e d  and t h e  

m i c r o - p l o t  c o n s t r u c t e d ,  no more o p e r a t i o n s  were c a r r i e d  

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

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

a l l  t r e a t m e n t s .  There  was no s o i l  d i s t u r b a n c e  i n  t h i s  p l o t  

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

e s s e n c e  was a n o - t i l l a g e  p l o t  w i t h  no f u r t h e r  m o d i f i c a t i o n .

S l o t  T r e n c h i n g :

I n  t h i s  t r e a t m e n t ,  narrow t r e n c h e s  m ea su r in g  1 0 . 2  cm 

w id e  and 3 ° -5  cm d e e p  were made a l o n g  t h e  s l o p e  on t h e  

e n t i r e  w id t h  o f  t h e  m i c r o - p l o t .  The s o i l  p a r t i c l e s  dug  

o u t  o f  t h e  t r e n c h  were c o l l e c t e d  on a p l a s t i c  s h e e t  o u t s i d e  

t h e  e x p e r i m e n t a l  p l o t ,  s h a t t e r e d ,  mixed t h o r o u g h l y  and put  

back  i n t o  t h e  same t r e n c h  w i t h o u t  b e i n g  compacted ( F i g .  5 ) •

S l o t  t r e n c h i n g  w i t h  9 1 -^  cm s p a c i n g  had two t r e n c h e s  

i n  t h e  m i c r o p l o t  w h i l e  t h e  t r e a t m e n t  w i t h  1 8 2 . 9  cm s p a c 

i n g  had one  t r e n c h  i n  t h e  m i c r o - p l o t .  The t r e n c h e s  w ere  

made b e tw e en  so y b e a n  rows .
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soil su rface

Dug o u t  a n d  m ix ed
soil p a r t i c l e s

10.2 cm

N ext slot 
9 1 .4  cm 
downsiope

F i g .  5* S c h e m a t ic  o f  s l o t  t r e n c h i n g  t r e a t m e n t  w i t h  t h e
s l o t  f i l l e d  "back w i t h  t h e  c ru sh ed  and th o r o u g h ly  
mixed s o i l  p a r t i c l e s  dug from t h e  same s l o t .

soil su r f a c e

compacted o a t  s tra w

3 0 .5
c m

N e x t slot 
9 1 .4  cm 
downsiope

10.2 cm

F i g .  6 . S c h e m a t ic  o f  s l o t  mulch t r e a t m e n t  w i t h  t h e  s l o t  
f i l l e d  w i t h  o a t  s t r a w .
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1 . 22  m

■Treatment
locationsiEu

5
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Sunken collection 
t  rtjugh

-  Connecting pipe

F i g .  7 .  S ch em a t ic  r e p r e s e n t a t i o n  o f  l o c a t i o n s  o f  t r e a t 
ment p la cem en t  w i t h i n  a m i c r o p l o t .



50

V e r t i c a l  or  S l o t  Mulch Treatm ent;

The v e r t i c a l  mulch c o n c e p t  o f  t i l l a g e  and r e s i d u e  

management t o  c o n t r o l  e r o s i o n  and r u n o f f  c o n s i s t e d  o f  dug 

c h a n n e l s  1 0 . 2  cm w ide  and 3 0 . 5  cm deep  made a l o n g  t h e  s l o p e  

and c o v e r i n g  t h e  e n t i r e  w id th  o f  t h e  m i c r o - p l o t .  The 

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

s t r a w  and t h e  s t r a w  was w e l l  ex p o sed  above  t h e  s o i l  s u r f a c e  

( F i g u r e  6 ) .  The o r g a n i c  r e s i d u e  k e p t  t h e  s o i l  from s lu m p in g  

i n t o  and f i l l i n g  t h e  c h a n n e l s  and a t  t h e  same t im e  p r o v id e d  

an e a s y  pathway f o r  w a te r  t o  e n t e r  t h e  s o i l  th ro u g h  th e  

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

S l o t  mulch com p r ised  two t r e a t m e n t s ,  t h e  f i r s t  had a  

d i s t a n c e  o f  9 1 -^ cm betw een  a d j a c e n t  c h a n n e l s  and t h e  

sec o n d  t r e a t m e n t  had a d i s t a n c e  o f  1 8 2 . 9  cm. The t r e a t m e n t  

w it h  9 1 . k  cm s p a c i n g  had two c h a n n e l s  i n  a m i c r o - p l o t .  The 

s l o t  mulch t r e n c h e s  were made betw een  t h e  so y bea n  row s .

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

Sample C o l l e c t i o n ,  H a n d l in g  and S t o r a g e ;

R u n o f f  and ero d e d  s e d im e n t s  c o l l e c t e d  i n  t h e  r e c e i v i n g  

b u c k e t s  were sampled  w i t h i n  2k- h o u rs  a f t e r  each  s torm  e v e n t .
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Two l i t e r s  o f  t h e  v i g o r o u s l y  s t i r r e d  r u n o f f  sa m p les  were  

t a k e n  i n  p l a s t i c  b o t t l e s ,  l a b e l l e d  and s t o r e d  i n  t h e  c o l d -  

room ( r e f r i g e r a t e d )  f o r  f u t u r e  a n a l y s e s .  Each sample  in  

t h e  c o ld -r o o m  was v i g o r o u s l y  shaken t o  d i s p e r s e  t h e  s e d i 

ment and a 20 0  ml a l i q u o t  was ta k e n  and t h e  r e m a in in g  1 . 8  

l i t e r  sample  was l e f t  i n  t h e  co ld -r o o m .

From t h e  200 ml sample  o f  th e  s e d im e n t  s u s p e n s i o n ,  a 

20  ml a l i q u o t  was f i l t e r e d  th r o u g h  a weighed  0 . 1  ym p o l y 

c a r b o n a t e  n u c l e o p o r e  f i l t e r .  The f i l t e r  and th e  s ed im en t  

on i t  were d r i e d  i n  a m icro -w ave  oven f o r  5 min and r e -  

w eigh ed  t o  d e t e r m in e  t h e  sed im en t  w e i g h t .  The f i l t r a t e  

was used  t o  d e te r m in e  s o l u b l e  phosphorus  c o n t e n t  o f  t h e  

r u n o f f .  The r e m a in in g  sample  from th e  200 ml s t o c k  s u s 

p e n s i o n  was f i l t e r e d  w i t h  No. 5 Whatman f i l t e r  paper  and 

p l a c e d  i n  p o l y e t h y l e n e -  c o n t a i n e r s  i n  t h e  c o ld -r o o m  ( 5 °C)

f o r  f u t u r e  a n a l y s e s .

The r e m a i n in g  1 . 8  l i t e r  s u s p e n s i o n  was l e f t  i n  t h e  

c o ld -r o o m  t o  s e t t l e .  The s u p e r n a t a n t  was t h e n  syphoned  

o f f  and t h e  s e d i m e n t  t r a n s f e r r e d  t o  a s m a l l  aluminum can  

and l e f t  t o  dry  a t  room te m p e r a tu r e .

The r a i n  sa m p les  c o l l e c t e d  i n  th e  r a i n g u a g e  were a l s o  

r e f r i g e r a t e d  u n t i l  t h e y  were r e a d y  t o  be  a n a l y z e d  f o r  

n i t r a t e -  and ammonium-nitrogen.
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S o i l  Sample C o l l e c t i o n ;

S o i l  sa m p les  f o r  r o u t i n e  l a b o r a t o r y  a n a l y s e s  were  

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

t r e n c h i n g  o p e r a t i o n .  Sam ples  were randomly c o l l e c t e d  from  

0 - 1 5  and 1 5 - 3 0  cm d e p t h s .  Subsam ples  from t h e  same d e p th  

o b t a i n e d  from t h e  same m i c r o p l o t  were t h o r o u g h l y  mixed to  

o b t a i n  a b u lk  sa m p le  t h a t  was r e p r e s e n t a t i v e  o f  t h e  r e s 

p e c t i v e  d e p t h s .  The bu lk  sam p les  were a i r  d r i e d ,  c ru sh ed  

and s i e v e d  th ro u g h  a 2 mm s i e v e .  The c o a r s e  f r a c t i o n s  

(> 2 mm) were d i s c a r d e d  w h i l e  t h e  < 2 mm f r a c t i o n s  were  

p r e s e r v e d  f o r  l a b o r a t o r y  a n a l y s e s .

S o i l  sam p les  f o r  phosphorus  s o r p t i o n  s t u d i e s  where  

c o l l e c t e d  i n  l a t e  November, 1 9 8 2 ,  a f t e r  t h e  s o y b e a n s  had . 

b ee n  h a r v e s t e d  and a l l  r u n o f f  sample c o l l e c t i o n s  were  

c o m p l e t e d .

Two r e p r e s e n t a t i v e  sam ples  from m i c r o p l o t s  l o c a t e d  on 

Miamian s o i l s  and one r e p r e s e n t a t i v e  sample  from m i c r o p l o t s  

on M ia m ia n -C e l in a  s o i l s  a s s o c i a t i o n  were u se d  f o r  p h o sp h a te  

s o r p t i o n  s t u d i e s .  The s o i l  sa m p les  f o r  P - s o r p t i o n  s t u d i e s  

were c o l l e c t e d  from a 0 - 1  cm d e p t h ,  r e p r e s e n t i n g  t h e  zone  

o f  i n t e r a c t i o n  b e tw een  r u n o f f  w a te r  and t h e  s o i l .
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L a b o r a t o r y  P r o c ed u re s  

S o i l  C h em ica l  Param eters

S o i l  R e a c t i o n

Ten g o f  s o i l  sam ple  _were p l a c e d  i n  a p a p er  cup  

and 10  ml o f  d i s t i l l e d  w a ter  were added ,  s t i r r e d  and l e f t  

f o r  3 °  m in u t e s .  The s u s p e n s i o n  was s t i r r e d  a g a i n  and l e f t  

t o  e q u i l i b r a t e  f o r  a n o t h e r  30 m in u t e s .  The pH i n  t h e  1 : 1  

s o i l - w a t e r  m ix tu r e  was d e te r m in e d  u s i n g  a Beckman S S -2  pH 

m e te r .

The pH o f  t h e  s o i l  sample  was a l s o  d e te rm in ed  u s i n g  

0 . 1 0  M CaClg s o l u t i o n  w i t h  a s o i l  -  CaClg s o l u t i o n  r a t i o  

o f  1 : 2 .

O rgan ic  Carbon

O rg a n ic  carb on  c o n t e n t  o f  t h e  s o i l  sample  was d e t e r 

mined by t h e  d ry  c o m b u st io n  method ( P o s t ,  1955;  R o b in so n ,  

1 9 3 0 ) .  Two grams o f  sam ple  w ere  p l a c e d  e v e n l y  in  a p o r c e 

l a i n  b o a t  c o n t a i n i n g  about  0 . 2 5  g powdered manganese  

d i o x i d e  (MnOg)• The b o a t  was p l a c e d  i n  a p r e h e a t e d  L in d -  

b e r g  f u r n a c e  a t  a t e m p e r a t u r e  o f  1000°C f o r  10 min 

w h i l e  COg-  f r e e  o x y g en  was p a s s e d  o v e r  i t .  The e v o lv e d  

carbon  d i o x i d e  (COg) was c o l l e c t e d  i n  a N e s b i t t  a d s o r p t i o n  

b u lb  c o n t a i n i n g  i  i n c h  f i b e r g l a s s ,  i  i n c h  Mg(C10^)2 » 2 

i n c h e s  A s c a r i t e  and j? i n c h  f i b e r g l a s s  p l a c e d  i n  t h a t  

s e q u e n c e  from b o t to m  t o  t o p .  The b u lb  was w eighed  b e f o r e
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and a f t e r  p a s s i n g  t h e  0 ^  c u r r e n t  th rou gh  i t .  The d i f f e r 

en ce  i n  w e ig h t  was u se d  t o  c a l c u l a t e  t h e  p e r c e n t  o r g a n i c  

carbon i n  t h e  sam p le .

C a t io n  Exchange C a p a c i ty

C a t io n  exchange  c a p a c i t y  o f  t h e  s o i l  sample  was 

d e term in ed  hy ammonium s a t u r a t i o n  a t  pH 7*0 (Chapman, 1 9 6 5 ) .  

One hundred ml o f  1.0N NH^OAc was added t o  20 g o f  s o i l ,  

shaken and l e f t  t o  s t a n d  o v e r n i g h t .  The sam ple  was f i l t e r e d  

w it h  g e n t l e  s u c t i o n  and washed w i t h  two 2 5 -ml p o r t i o n s  o f  

IN NH^OAc. The f i l t r a t e  was sa v ed  f o r  t h e  d e t e r m i n a t i o n  o f  

e x c h a n g e a b le  c a l c i u m ,  magnesium and p o t a s s i u m .

The s o i l  sample  was washed w i t h  200 ml o f  9 5 f °  e t h y l  

a l c o h o l  and t h e  l e a c h a t e  d i s c a r d e d .  The s o i l  sample  was 

th e n  l e a c h e d  w i th  10%  NaCl s o l u t i o n  a c i d i f i e d  to  0 .005N  

w i t h  HC1. The f i l t r a t e  was d i l u t e d  t o  25 0  ml w i t h  10%

NaCl s o l u t i o n .  F i v e  ml o f  th e  NaCl l e a c h a t e  and a p p r o x 

i m a t e l y  0 . 1  g o f  MgO were added to  a K j e l d a h l  f l a s k  and 

d i s t i l l e d  i n t o  5 nil o f  2%  b o r i c  a c i d  s o l u t i o n  c o n t a i n i n g  

m e th y l  red  and b r o m o c r e so l  g r e e n  i n d i c a t o r s  u n t i l  about  

30 ml o f  t h e  s o l u t i o n  was c o l l e c t e d .  The r e s u l t i n g  s o l u 

t i o n  was t i t r a t e d  w i t h  a s ta n d a r d  HC1 s o l u t i o n  w i t h  t h e  

end p o i n t  b e i n g  a change from b l u s i h - g r e e n  to  p in k .  C a t io n  

exchange  c a p a c i t y  was th e n  c a l c u l a t e d  from t h e  d a t a .
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E x - tr a c ta b le  Ca, Mg and K were d e te rm in ed  i n  th e  

l e a c h a t e  o f  ammonium a c e t a t e  used  - for  CEC d e t e r m i n a 

t i o n .  The l e a c h a t e  was made up to  2 5 0  ml w i t h  1 . 0  N NH^OAc 

and s a v e d .  E x t r a c t a b l e  p o t a s s iu m  c o n c e n t r a t i o n  i n  t h e  

l e a c h a t e  was d e te r m in e d  d i r e c t l y  on t h e  250  ml e x t r a c t  by  

a t o m ic  e m i s s i o n  s p e c t r o s c o p y .

To 1 ml o f  t h e  2 5 0  ml e x t r a c t  was added 10 ml o f

2 0 . 0 0 0  mg K/ml s o l u t i o n  and th e n  d i l u t e d  to  100 ml w i t h

1 . 0  N NH^OAc s o l u t i o n .  The a d d i t i o n  o f  e x c e s s  e a s i l y  i o n -  

i z a b l e  K enhanced t h e  e f f i c i e n c y  o f  t h e  f la m e  breakdown o f  

Ca and Mg i n t o  f r e e  ground s t a t e  atoms by e l i m i n a t i n g  

i n t e r f e r e n c e  r e s u l t i n g  from i o n i z a t i o n  and f o r m a t i o n  o f  

s t a b l e  i n e r t  compounds. The a d d i t i o n  may a l s o  e l i m i n a t e  

t h e  v a r i a b l e  e f f e c t s  o f  s m a l l  amounts o f  e a s i l y  i o n i z a b l e  

s u b s t a n c e s  t h a t  may be p r e s e n t  i n  t h e  sam p le .

C alc ium  and magnesium c o n c e n t r a t i o n s  i n  t h e  l e a c h a t e  

w ere d e te r m in e d  from t h e  100 ml e x t r a c t  by atomic  a b s o r p 

t i o n  s p e c t r o s c o p y .

T o t a l  S o i l  Phosphorus

T o t a l  phosphorus  on th e  s o i l  sample  was d e te rm in e d  by 

. HCLO^ d i g e s t i o n  method (Bray & K u t z ,1945)•  Three ml o f  70% 

p e r c h l o r i c  a c i d  was added to  0 . 3  g  o f  s o i l  i n  a p yrex  

d i g e s t i o n  t u b e  and t h e  sample  was d i g e s t e d  on an aluminum
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b l o c k  a t  203°C f o r  75 min.  Twenty ml o f  t h e  c l e a r  e x t r a c t  

was n e u t r a l i z e d  w i t h  5N NaOH u s i n g  P - n i t r o p h e n o l  i n d i c a t o r .  

The sample  was t h e n  a n a l y z e d  f o r  t o t a l  phosphorus  by t h e  

method o f  Murphy and R i l e y  ( 1 9 6 2 ) a s  m o d i f i e d  by John ( 1 9 7 0 ) .

A v a i l a b l e  Phosphorus

A v a i l a b l e  ph osp h oru s  c o n t e n t  o f  t h e  s o i l  sample was 

d e te r m in e d  by t h e  B r a y - P l  method (Bray and K u tz ,  19^5)*

One g o f  a i r  d r i e d  s o i l  sample  was p l a c e d  i n  a 50 ml p o l y 

e t h y l e n e  e x t r a c t i n g  b o t t l e .  Ten ml o f  t h e  B r a y - P l  e x t r a c t 

i n g  s o l u t i o n  (0 .0 2 5 N  HCL i n  0.03N NH^F, pH a d j u s t e d  t o  

2 . 6  + 0 . 0 5 ) were added t o  t h e  sample  and shaken i n  a 

r e c i p r o c a t i n g  s h a k e r  f o r  5 min a t  200 o s c i l l a t i o n s  p e r  m in .  

The e x t r a c t  was th e n  f i l t e r e d  through  Whatman No.  2 f i l t e r  

p a p er  i n t o  an a i r  v e n t e d  f u n n e l  t u b e .  A 2 -ml a l i q u o t  o f  

t h e  c l e a r  e x t r a c t  was t r a n s f e r r e d  t o  a t e s t  t u b e  and 8 ml  

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

s o l u t i o n  added ,  and t h e  m ix t u r e  sha k en .  The s o l u t i o n  was 

a l l o w e d  t o  d e v e l o p  c o l o r  f o r  10 m in u te s  and a b so r b a n c e  

r e a d i n g  was t a k e n  w i t h  a Beckman 24 S p e c t r o p h o to m e te r  a t  

730 mm w a v e l e n g t h .  The phosphorus  c o n c e n t r a t i o n  was 

d e te r m in e d  from a s ta n d a r d  c u r v e .
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E x t r a c t a b l e  I r o n  and Aluminum

The c o n t e n t s  o f  i r o n  and aluminum i n  t h e  s o i l  m ate

r i a l s  from t h e  e x p e r i m e n t a l  p l o t s  were d e te rm in ed  by t h e  

sodium d i t h i o n i t e - c i t r a t e  e x t r a c t i o n  method o f  Holmgren  

( 1 9 6 7 ) w i t h  some m o d i f i c a t i o n s .  Two g o f  sodium  

d i t h i o n i t e  and 20 g  o f  sodium c i t r a t e  were added t o  2 . 0  g  

o f  a i r  d r i e d  s o i l  sa m p le  i n  a 200 ml e x t r a c t i o n  b o t t l e .  

About 100 ml o f  d i s t i l l e d  w a te r  was added to  t h e  b o t t l e  and 

t h e  b o t t l e  was shak en  o v e r n i g h t  i n  an o s c i l l a t i n g  sh a k er  

a t  120 o s c i l l a t i o n s  p er  min.  F i v e  drops,  o f  O A f o  s u p e r -  

f l o c  s o l u t i o n  w e r e  added-and- t h e  b o t t l e -  w a s ' t h e n  f i l l e d  

w i t h  d i s t i l l e d  w a te r  t o  t h e  200 ml p r e c a l i b r a t e d  mark. The 

b o t t l e  was shaken  by hand and a l lo w e d  to  s t a n d  u n t i l  th e  

s o l u t i o n  was c l e a r .  F i v e  ml o f  t h e  e x t r a c t  was d i l u t e d  to  

100 ml w i t h  d i s t i l l e d  w a ter  and used  f o r  t h e  d e t e r m i n a t i o n  

o f  b o th  aluminum and i r o n .  The c o n c e n t r a t i o n s  o f  i r o n  and 

aluminum were measured on t h e  a to m ic  a b s o r p t i o n  s p e c t r o 

p h o to m eter .
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Phosphorus  S o r p t i o n  I s o th e r m s  f o r  

C e l i n a  and Miamian S o i l s

One g  o f  a i r  d r i e d  r e p r e s e n t a t i v e  s o i l  sam ple  was 

p l a c e d  i n  ea ch  o f  6 l a b e l l e d  $ 0  ml p o l y e t h y l e n e  t u b e s .  

Phosphorus  s o l u t i o n s  w i t h  c o n c e n t r a t i o n s  o f  0 . 0 ,  0 . 2 ,  0 .5*

1 . 0 ,  5*°  and 1 0 . 0  yg P /m l  were added t o  each o f  t h e  t u b e s ,  

r e s p e c t i v e l y .  Each t u b e  was d u p l i c a t e d .  To t h e  t u b e s  were  

added 2 . 5  ml o f  0.1M CaClg and 0 . 5  ml o f  c h lo r o f o r m .  The 

c h lo r o f o r m  was u se d  t o  s u p p r e s s  m i c r o b i a l  a c t i v i t y  d u r in g  th e  

s o r p t i o n  p e r i o d .  The volume o f  e a c h  tu b e  was made up t o  25 

ml w i t h ' a  p r e c a l c u l a t e d  volume o f  d i s t i l l e d  w a ter  t o  main

t a i n  t h e  a s s i g n e d  P c o n c e n t r a t i o n  i n  each  t u b e .  F i f t y  p e r 

c e n t  a i r  volume was m a in ta in e d  in  each  tu b e  f o r  a e r a t i o n .

The t u b e s  were p l a c e d  i n  an e n d - o v e r - e n d  sh a k er  and shaken  

f o r  24 h r .  The e x t r a c t s  were f i l t e r e d  th rou gh  No. 1 Whatman • 

f i l t e r  paper  i n t o  a i r  v e n t e d  f u n n e l  t u b e s .  Two 

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

t u b e s  and 8 ml o f  a c i d  m olybdate  a s c o r b i c  a c i d  c o l o r  d e v e l 

o p i n g  s o l u t i o n  added .  The m ix t u r e s  were shaken  and a l lo w e d  

t o  d e v e l o p  c o l o r  f o r  10 m in u t e s .  Absorbance r e a d i n g s  were  

t a k e n  w i th  a  Beckman: 24 S p e c t o p h o t o m e te r  a t  730 mm wave

l e n g t h  and t h e  phosphorus  c o n c e n t r a t i o n  i n  each  e x t r a c t  was 

d e te r m in e d  from a s ta n d a r d  c u r v e .

Phosphorus  s o r b e d /d e s o r b e d  v e r s u s  e q u i l i b r i u m  P co n cen 

t r a t i o n  was p l o t t e d  f o r  each s o i l .
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P a r t i c l e  S i z e  A n a l y s i s

P a r t i c l e  s i z e  d i s t r i b u t i o n  was d e te rm in ed  on t h e  <2 mm 

s o i l  f r a c t i o n  by t h e  p i p e t t e  method (K i lm er  and A le x a n d e r ,  

1 9 4 9 ) .  To 1 0 . 0  g  o f ' s a m p l e  i n . a  450 ml s q u a r e  s e d i m e n t a t i o n  

b o t t l e  was added 5 ml o f  d i s p e r s i n g  s o l u t i o n  ( so d iu m  h e x a -  

m eta p h o sp h a te  + sodium c a r b o n a t e ) . D i s t i l l e d  w a te r  was 

added to  t h e  b o t t l e  u n t i l  i t  was about  2 / 3  f u l l .  The b o t t l e  

was s to p p e r e d  and shaken o v e r n i g h t  on a h o r i z o n t a l  r e c i p r o 

c a t i n g  s h a k e r  a t  120 o s c i l l a t i o n s  per^min.  The p re w e ig h ed  

s e d i m e n t a t i o n  b o t t l e  was p la c e d  on a t o r s i o n  b a l a n c e  and a 

t o t a l  o f  395 g o f  d i s t i l l e d  w ater  were added a t  room tem p era 

t u r e .  The sam ple  was d i s p e r s e d  and t h e  <20y,  <5u and <2y 

f r a c t i o n s  were d e te rm in ed  by p i p e t t i n g  ( a f t e r  d i f f e r e n t  p r e 

d e te r m in e d  s e d i m e n t a t i o n  p e r io d  a t  d e p th s  o f  8 - ,  5 -  and 

5 cm, r e s p e c t i v e l y )  and o v en  d r y i n g .  The s e d i m e n t a t i o n  

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

t u r e .  The <0 .2y  f r a c t i o n  ( f i n e  c l a y )  was d e te r m in e d  by  

p i p e t t i n g  a f t e r  c e n t r i f u g a t i o n .  The sand was s e p a r a t e d  from 

s i l t  and c l a y  by w a sh in g  t h e  sample  t h r o u g h  a  3 °0  mesh 

s i e v e .  The v a r i o u s  sand f r a c t i o n s  were d e te rm in e d  by dry  

s i e v i n g ,  o v e n  d r y i n g  and w e ig h in g .

Sam ples  w i t h  o r g a n i c  carbon  c o n t e n t  i n  e x c e s s  o f  1 . 7 2 %  

{ y %  o r g a n i c  m a t te r )  were p r e t r e a t e d  w i t h  hyd rogen  p e r o x i d e
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( 30 %  HgOg) "to remove o r g a n i c  m a t t e r ,  i n  w hich  c a s e  c o r r e c t e d  

sample  s i z e s  were u se d  as  shown i n  t h e  form ula:

C o r r e c t e d  sample s i z e  = 1 0 .0  + 0 .1 { ( % o r g .  C) ( 1 . 7 ^ )  -  3)

S o i l  sa m p les  o b t a i n e d  from 0 -15  cm and 1 5 -3 0  cm d e p th s  

from ea ch  m i c r o p l o t  were a n a ly z e d  f o r  p a r t i c l e  s i z e  d i s t r i 

b u t i o n .

Bulk  D e n s i t y  D e t e r m i n a t i o n

Bulk d e n s i t y  d e t e r m i n a t i o n  a t  l / 3  atm were made by t h e  

Clod Method (B r a s h e r  e t  a l . ,  1 9 6 6 ) .  S i n g l e  d e t e r m i n a t i o n s  

were made f o r  t h e  0 - 1 5  and 1 5 - 3 0  cm d e p t h s  f o r  each  m i c r o p l o t .

C lo d s  were c o a t e d  i n  t h e  f i e l d  w i t h  a sa r a n  m ix tu r e  

( s a r a n  + a c e t o n e  a t  1 :6  r a t i o )  and susp en d ed  on a l i n e  to  

d r y .  Each c l o d  was t h e n  wrapped in  aluminum f o i l  and 

packed s e p a r a t e l y  i n  s o i l  can s  f o r  t r a n s p o r t a t i o n  to  th e  

l a b o r a t o r y .  The c l o d s  were a s s i g n e d  l a b o r a t o r y  numbers  

and w e igh ed  i n  a i r .  Each c lo d  was a g a i n  c o a t e d  t h r e e  t im e s  

w i t h  s a r a n ,  a l l o w i n g  enough t im e  f o r  d r y i n g  b e tw een  c o a t 

i n g s .  The c l o d  was th e n  w eighed  i n  a i r  and i n  w a t e r .  A f l a t  

s u r f a c e  was c u t  from t h e  c l o d  w i t h  a k n i f e  and t h e  w e ig h t  

o f  t h e  c l o d  i n  a i r  r e c o r d e d .  The c u t  edge  was c o v e r e d  w i t h  

ga u ze  and . h e l d  i n  p l a c e  w i t h  a rubber  band.  The c l o d  was 

s a t u r a t e d  i n  w a t e r  f o r  two d a y s .  The s a t u r a t e d  c l o d  was 

w eig h ed  and p l a c e d  on a ceram ic  p l a t e  f o r  d e s o r p t i o n  w i t h  t h e  

c u t  end i n  c o n t a c t  w i t h  t h e  p l a t e .  The c l o d  was p r e s s u r i z e d
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a t  60 cm H20 ( 4 . 5  cm Hg) and 1 / 3  a tm osphere  (26  cm H g ) .

A f t e r  each  e q u i l i b r a t i o n  t h e  c l o d  was w eighed  and a f t e r  t h e  

l / 3  a tm osphere  d e s o r p t i o n ,  two more s a r a n  c o a t i n g s  were  

a p p l i e d  to  th e  c l o d .  The c l o d  was t h e n  w e ighed  i n  a i r  and 

i n  w a t e r ,  oven  d r i e d  a t  105°C f o r  k- days  and r e w e ig h e d .

Two more sa r a n  c o a t s  were added t o  t h e  c l o d  and t h e  f i n a l  

w e ig h t  i n  a i r  and w a te r  were d e t e r m in e d .

The c l o d  was broken and c o a r s e  fr a g m e n ts  >2 mm were  

washed,  oven  d r i e d  and w e ig h ed .  F i f t e e n  a tm osphere  w a te r  

r e t e n t i o n  was d e te r m in ed  from t h e  a g g r e g a t e  sample  o f  t h e  

< 2 mm f r a c t i o n .

D e t e r m i n a t i o n  o f  1 / 3  a tm osphere  b u lk  d e n s i t y  was made 

w i t h  a F o r t r a n  computer program w i t h  form ula:

B.D. 1 / 3  = WTODTR
VTHIRD

where WTODTR = ( w e i g h t  o f  oven  d ry  c u t  c l o d )  -  (Tag)

-  ( c o r r e c t i o n  f a c t o r  f o r  c o a t s )  -  ( w e i g h t

o f  c o a r s e  f r a g m e n t s ) .

VTHIRD = ( w t .  o f  c l o d  and c o a t s  a f t e r  1 / 3  atm)

-  ( w t .  i n  w a ter )  -  (vo lu m e o f  sa r a n  + 

volume o f  c o a r s e  f r a g m e n t s ) .



62

A e r a t i o n  P o r o s i t y

Data from t h e  c l o d  h u lk  d e n s i t y  d e t e r m i n a t i o n  was used  

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

t h e  p e r c e n t  volume o f  c l o d  o c c u p i e d  by a i r  a t  f i e l d  

c a p a c i t y .

A e r a t i o n  p o r o s i t y  was c a l c u l a t e d  w i t h  t h e  form ula:

A e r a t i o n  p o r o s i t y  = { %  m o i s t u r e  a t  s a t u r a t i o n

-  %  m o i s t u r e  a t  6 0  cm) x b u lk  

d e n s i t y  a t  1 / 3  a tm o sp h e re .

Void R a t io

Void r a t i o  d a t a  was a l s o  c a l c u l a t e d  from t h e  bu lk  

d e n s i t y  d e t e r m i n a t i o n  d a t a .  G e n e r a l l y ,  v o i d  r a t i o  i s  

g i v e n  by t h e  formula:

 ̂ . /Volume o f  v o i d  s p a c e s  N
Void R a t i o  = ( Volume o f  s o l l d  p a r t i c l e s

An a s su m p t io n  i s  made t h a t  t h e  d e n s i t y  o f  s o i l  p a r t i c l e s  i s  

2 . 6 5  g .cm  .

V oid  R a t i o  = <Bu l k  d e n s i t y  l / 3  '  1
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M o i s t u r e  H o ld in g  C a p a c i t y

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

were o b t a i n e d  from, t h e  c l o d  b u lk  d e n s i t y  a n a l y s e s  f o r  0 - 1 5  

and 1 5 - 3 0  cm d e p t h s  i n  each  m i c r o p l o t .

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

F o r t r a n  program as  p e r c e n t  m o i s t u r e  c o n t e n t  a t  1 / 3  a tm os

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

e q u a te d  w i t h  t h e  m o i s t u r e  c o n t e n t  a t  15 atm. A v a i l a b l e  

w a te r  was th e n  c a l c u l a t e d  as  t h e  d i f f e r e n c e  betw een  f i e l d  

c a p a c i t y  ( 0 . 3  bar)  and permanent w i l t i n g  p e r c e n t a g e  (15  bar)  

x 1 / 3  atm bu lk  d e n s i t y .

V o l u m e t r i c  S o i l  M o i s t u r e  C ontent

Water c o n t e n t  measurement i n  each m i c r o p l o t  were  

d e te r m in e d  g r a v i m e t r i c a l l y . A 2 . 5 ^  cm d ia m e t e r  s o i l  probe  

was u sed  t o  o b t a i n  s o i l  sam p les  a t  0 - 1 5  cm, 1 5 - 3 0  cm and

3 0 -^ 5  cm d e p t h s .  The sam p les  were n o t  ta k e n  d i r e c t l y  from

t h e  s l o t  t r e n c h e s  but  from u n d i s t u r b e d  s o i l .  Care was 

ta k e n  t o  e n s u r e  t h a t  t h e  sa m p l in g  l o c a t i o n s  were o f

t h e  same d i s t a n c e  t o  t h e  s l o t s  i n  a l l  p l o t s  w i t h  s l o t  mulch

and s l o t  t r e n c h i n g  t r e a t m e n t s .  The s o i l  sam p les  were  

p l a c e d  i n  aluminum can s  w i t h  t i g h t  f i t t i n g  l i d s  and ta k en  

t o  t h e  l a b o r a t o r y .  The sa m p les  were w e igh ed  i n  a i r  and 

p l a c e d  i n  a p r e h e a t e d  oven a t  105°C f o r  f o u r  days w i t h  t h e
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c a n s ' l i d s  t a k e n  o f f  and rew e ig h ed  a f t e r  o v en  d r y i n g .

Water c o n t e n t  on a dry mass b a s i s  was o b t a in e d  by d i v i d i n g  

t h e  d i f f e r e n c e  b e tw een  wet  and dry  m asses  by t h e  mass o f  

t h e  dry  s a m p le .  V o lu m e tr i c  s o i l  m o is t u r e  c o n t e n t  was 

d e ter m in e d  by t h e  e q u a t io n :

Db
evb = 6dww

s o i l  b u lk  d e n s i t y  gm.cm-  ̂ (Mg.M- ^) 

d e n s i t y  o f  w a te r  gm.cm-  ̂

m o i s t u r e  c o n t e n t  on volume b a s i s  

m o i s t u r e  c o n t e n t  on dry  w e ig h t  b a s i s

S o i l  m o is t u r e  c o n t e n t s  f o r  each  o f  t h e  m i c r o p l o t s

w ere  d e te rm in ed  p e r i o d i c a l l y  a t  5 sa m p l in g  d a t e s ,  n a m e ly ,

Septem ber  10 ,  S eptem ber  19> Septem ber  29* O ctobe r  11 and 
November 8 ,  1982 .

S a t u r a t e d  H y d r a u l i c  C o n d u c t i v i t y  o f  U n d is tu r b e d  S o i l  Samples

The c o n s t a n t - h e a d  method ( K l u t e ,  1965) was used  f o r  

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

d u c t i v i t y  o f  u n d i s t u r b e d  s o i l  c o r e  s a m p le s .  U n d is tu r b e d  

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

f i t  i n t o  s a m p l in g  t u b e s  i n t o  t h e  s o i l .  A f t e r  t h e  sam p les  

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

sa m p les  d u r i n g  t h e  c o n d u c t i v i t y  d e t e r m i n a t i o n .

where:

Db 
Dw
0

vb
e.dw
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Four s o i l  c o r e s  were ta k e n  from ea ch  m i c r o p l o t  w i t h  

d e p t h s  o f  7 -6 2  cm e a c h  s u c h  t h a t  t h e  t o t a l  s o i l  d e p th  in  

each m i c r o p l o t  e v a l u a t e d  f o r  c o n d u c t i v i t y  was 0 - 3 0 .A8 cm. 

Each s o i l  c o r e  was marked d u r in g  sample  c o l l e c t i o n  f o r  th e  

i d e n t i f i c a t i o n  o f  t h e  upper and lo w e r  s o i l  l a y e r s .  The 

s o i l  c o r e s  were p l a c e d  i n  s o i l  can s  im m e d ia t e ly  a f t e r  c o l 

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

Only  one sam ple  per  d e p t h  per  m i c r o p l o t  was t a k e n .

Once i n  t h e  l a b o r a t o r y ,  t h e  lo w e r  end o f  each  c o r e  

was c o v e r e d  w i t h  g a u z e  h e l d  i n  p l a c e  w i th  a ru b b er  band.

To g e t  t h e  s o i l  c o m p l e t e l y  wet  by c a p i l l a r y  a c t i o n ,  t h e  

g a u z e - c o v e r e d  end o f  t h e  c o r e  was p la c e d  i n  a t r a y  f i l l e d  

w i t h  w a te r  t o  a d e p t h  j u s t  b e lo w  t h e  t o p  o f  th e  sam ple  f o r  

t h r e e  d a y s .  The s o i l  c o r e s  were f i n a l l y  s a t u r a t e d  by com 

p l e t e l y  su b m e r g in g  them i n  a t r a y  o f  w a t e r .

An empty c y l i n d r i c a l  sample  h o l d e r  was p l a c e d  on t o p  

o f  each  c o r e  and a  l a r g e  ru b b er  band was used  t o  put  i t  in  

p l a c e .  The s o i l  c o r e  sample  was t h e n  p l a c e d  on t h e  w ire  

s c r e e n  su p p o r t  o f  t h e  c o n d u c t i v i t y  equipment and w a ter  was 

added t o  t h e  empty c y l i n d e r  sam ple  h o l d e r  t o  about 2 / 3  

f u l l .  The s ip h o n  was q u i c k l y  s t a r t e d  t o  m a in t a i n  a c o n 

s t a n t  head o f  w a te r  on t h e  s a m p le .  When t h e  w a te r  l e v e l  

on  t o p  o f  t h e  sa m p le  was s t a b i l i z e d ,  a  s t o p  watch  was 

s t a r t e d  a t  t h e  same t im e  t h a t  a b e a k e r  was p la c e d  b e n e a th  

t h e  sample t o  c o l l e c t  t h e  p e r c o l a t e .  The volume o f
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p e r c o l a t i n g  w a te r  (V) was measured a f t e r  one hour ( T ) , and 

t h e  h y d r a u l i c  head d i f f e r e n c e  (d(j>) was m easured.

H y d r a u l ic  c o n d u c t i v i t y  (K) was c a l c u l a t e d  from D a r c y ' s  

e q u a t io n :

v = V/AT = Kd(J)/dL

K = ( — ) ( — )'•AT ' d<J>

where K = h y d r a u l i c  c o n d u c t i v i t y  (cm /hr)

dL = l e n g t h  o f  s o i l  c o r e  ( 7 . 6 2  cm)

dcf> = h y d r a u l i c  head d i f f e r e n c e  (cm)

A = c r o s s  s e c t i o n a l  a r e a  ) (cm )

T = t im e  (hr)

V = volume o f  p e r c o l a t i n g  w a ter  (cm )

The a s su m p t io n s  i n  c a l c u l a t i n g  K were as  f o l l o w s :  

o n l y  la m in a r  f l o w  o c c u r s  (no t u r b u l e n c e ) , t h e  s o i l  sam ple  

i s  homogeneous ( n o t  l a y e r e d ) , t h e  s o i l  sample  i s  i s o t r o p i c  

w i t h  r e s p e c t  t o  i t s  h y d r a u l i c  c o n d u c t i v i t y  (K i s  t h e  same  

i n  a l l  d i r e c t i o n s )  and w ater  d r i p s  from t h e  b ot tom  o f  t h e  

sample  a t  a t m o s p h e r ic  p r e s s u r e  (h  = 0) (B a v er  e t  a l .  , 1972)
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R u n o f f  and Eroded Sed im ent

E x t r a c t a b l e  C a lc iu m ,  Magnesium and P o t a s s iu m  i n  Sed im en t

S e d im e n ts  from t h e  r a i n f a l l  o f  S e p t .  3 were th e  o n l y  

on es  a n a l y z e d  f o r  n u t r i e n t  l o s s e s ,  A l l  o t h e r  r a i n f a l l  

e v e n t s  d u r in g  t h e  s t u d y  p e r i o d  d id  n o t  produce  enough s e d i 

ment t o  warrant  s i m i l a r  a n a l y s i s .

The c a t i o n s ,  c a l c i u m ,  magnesium and p o t a s s iu m ,  were  

e x t r a c t e d  from a i r  d r i e d  s e d im e n t s  by l e a c h i n g  10 g  o f  

s e d im e n t  w i t h  50 ml o f  IN NH^OAc s o l u t i o n  a d j u s t e d  t o  pH

7 . 0 .  The e x t r a c t s  were b ro u g h t  t o  100 ml volume w i t h  IN 

NH^OAc. One ml o f  t h i s  s o l u t i o n  was added t o  10 ml o f

2 0 , 0 0 0  ygK/ml s o l u t i o n  and t h e n  d i l u t e d  w i t h  IN NH^OAc to  

100 ml vo lum e.  The l a t t e r  s o l u t i o n  was used  f o r  t h e  d e t e r 

m in a t i o n  o f  Ca and Mg c o n c e n t r a t i o n s  by a to m ic  a b s o r p t i o n .  

P o t a s s iu m  c o n c e n t r a t i o n  was d e term in ed  from t h e  o r i g i n a l  

s o i l  e x t r a c t  by f la m e  e m i s s i o n  on a V a r ia n  T e c h t r o n  S p e c 

t r o p h o t o m e t e r  .

S o l u b l e  B a s i c  C a t i o n s  (Ca,  Mg, K) i n  R u n o f f

T h o ro u g h ly  d i s p e r s e d  r u n o f f  sam ple  was f i l t e r e d  w i t h  

No. 5 Whatman f i l t e r  paper  and 3 ml o f  t h e  f i l t r a t e  was 

made up t o  100 ml volume w i t h  d o u b le  d e i o n i z e d  d i s t i l l e d  

w a t e r .  C a lc iu m  and magnesium c o n c e n t r a t i o n s  i n  t h e  sample  

were measured by a to m ic  a b s o r p t i o n .  P o ta s s iu m  c o n c e n t r a t i o n
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i n  t h e  s o l u t i o n  was d e term in ed  hy f la m e  e m i s s i o n  on a 

V a r ia n  T e c h t r o n  S p e c t r o p h o t o m e t e r .

The c o n c e n t r a t i o n s  o f  t h e  s o l u b l e  "basic c a t i o n s  i n  

r u n o f f  from a l l  m i c r o p l o t s  were d e term in ed  f o r  a l l  s i x  

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

S o l u b l e  and T o t a l  Phosphorus  C o n te n ts  i n  R unoff  and Eroded  

S ed im ent

T o t a l  p hosphorus  and s o l u b l e  phosphorus  c o n t e n t s  o f  

t h e  r u n o f f  sam p les  were d e te r m in e d  by t h e  p e r c h l o r i c  a c i d  

(HCLO^) d i g e s t i o n  method. The r u n o f f  sam ple  w i t h  s e d im e n ts  

was v e r y  t h o r o u g h l y  shaken  and a 2 -ml a l i q u o t  was 

p i p e t t e d  i n t o  a p y r e x  d i g e s t i o n  t u b e  f o r  t o t a l  phosphorus  

d e t e r m i n a t i o n .  For t h e  f i l t e r e d  or s o l u b l e  phosphorus  

c o n t e n t  d e t e r m i n a t i o n ,  20 ml o f  th e  r u n o f f  sample  was f i l 

t e r e d  th r o u g h  a 0 . 1  ym p o l y c a r b o n a t e  f i l t e r  paper and 10 ml 

o f  t h i s  f i l t r a t e  was p i p e t t e d  i n t o  t h e  d i g e s t i o n  tu be  f o r  

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

T o t a l  p hosphorus  and s o l u b l e  p h osphorus  c o n t e n t s  o f  

r u n o f f  and eroded sa m p le s  were th en  d e te r m in ed  by Bray and 

Kutz (19^5)  method.
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Ammonium- and N i t r a t e -  N i t r o g e n  i n  R u n o f f  and R a i n f a l l

Ammonium- and n i t r a t e - n i t r o g e n  (NH^-N and NO^-N) 

c o n t e n t s  i n  r u n o f f  and r a i n f a l l  s a m p le s  were d e te r m in e d  

by t h e  K j e l d h a l  d i s t i l l a t i o n  method.  Twenty ml o f  t h e  

sam ple  was d i s t i l l e d ,  w i t h  a s m a l l  amount o f  MgO 

added f o r  t h e  d e t e r m i n a t i o n  o f  NH^-N. D e v a r d o ' s  a l l o y  

(Cu 4 9 $ ,  A1 4 5 $ ,  Zn 6$ ,  N 0 . 0 0 4 $ )  p l u s  MgO was u sed  t o  

d e te r m in e d  NH^-N p l u s  NO^-N.

The d i s t i l l a t e  was c o l l e c t e d  i n t o  5 ml o f  2$ b o r i c  

a c i d  i n  c o m b in a t io n  w i t h  mixed i n d i c a t o r  ( m e t h y l  red  and 

b r o m o c r e s o l  g r e e n )  and t i t r a t e d  w i t h  a s t a n d a r d  HCL o f  

a c c u r a t e l y  d e te r m in e d  n o r m a l i t y  u n t i l  t h e  b l u e  c o l o r  tu r n ed  

p in k .

NH^-N c o n t e n t  o f  t h e  sample was t h e n  o b t a i n e d  

th ro u g h  d i r e c t  c a l c u l a t i o n  w h i l e  NO^-N c o n t e n t  was o b t a i n e d  

by t h e  d i f f e r e n c e  betw een  (NO^-N + NH^-N) -  NH^-N„ T o t a l  

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

r e p r e s e n t  t h e  sum o f  NO^-N p l u s  NH^-N.
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M i n e r a l o g i c a l  Parametrs

Clay  m in e r a lo g y  o f  t h e  t o t a l  c l a y  f r a c t i o n s  were  

d e te r m in e d  on two m i c r o p l o t s  l o c a t e d  on Miamian s o i l s ,  one 

m i c r o p l o t  on C e l i n a ,  and on s e d im e n t s  from t h e  same m i c r o 

p l o t s  r e s u l t i n g  from two r a i n f a l l  e v e n t s .  The s e d im e n t s  

were o b t a in e d  from t h e  f i r s t  and l a s t  r a i n f a l l  e v e n t s  

( S e p t .  3 ,  Nov.  21 )  sam pled .  S o i l  sa m p les  a n a l y z e d  were  

o b t a in e d  from 0 - 1 5  and 1 5 - 3 0  cm d e p t h s .

Sample P r e p a r a r i o n

T h i r t y  g o f  s o i l  sample  and s e d im e n t  from t h e  r a i n f a l l  

e v e n t  o f  Septem ber  3 and t h e  e n t i r e  sam ple  from t h e  r a i n 

f a l l  e v e n t  o f  November 21 were t r e a t e d  t o  o b t a i n  t h e  

t o t a l  c l a y  f r a c t i o n .  Organic  carbon was removed by 

hydrogen  p e r o x i d e  t r e a t m e n t  (30^ HgOg). The sample  was 

washed w i t h  100 ml o f  IN NaCl s o l u t i o n  and t w i c e  w i t h  100 

ml o f  6 0 f o  m e th a n o l .  T h i r t y  ml o f  0.5N Na2 C0^ was added t o  

t h e  s o i l  sample  and t h e  s u s p e n s i o n  was t h o r o u g h l y  d i s p e r s e d  

w it h  a s o n i f i e r  p r o b e .  The sand f r a c t i o n  was s e p a r a t e d  

by wet  s i e v i n g  th ro u g h  a 300 mesh s i e v e .  The r e m a in in g  

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

The c l a y  f r a c t i o n s  (<2 um) were f l o c c u l a t e d  w i t h  IN MgClg 

s o l u t i o n .  E x c e s s  Mg s a l t  was removed by d i s t i l l e d  w a te r

and 60 %  m e th a n o l  w a s h e s .

An a l i q u o t  o f  t h e  M g -c la y  p r e v i o u s l y  d e te r m in e d  t o  

c o n t a i n  45 mg c l a y  was t r a n s f e r r e d  t o  a  c e n t r i f u g e  tu b e  and
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washed t h r e e  t im e s  w i th  20 ml o f  IN KC1. E x c e ss  s a l t  was 

removed w i t h  d i s t i l l e d  w ater  and 60$  m ethanol  w ashes .

Both t h e  K- and M g -sa tu r a te d  c l a y  s u s p e n s i o n s  were  

t h o r o u g h l y  d i s p e r s e d  w i t h  an u l t r a s o n i c  probe and 30  mg o f  

Miamian and 15 mg o f  C e l i n a  sa m p les  were p l a t e d  on 27x^-6 mm 

g l a s s  s l i d e s  t o  a i r  dry .  The d i f f e r e n c e  i n  c l a y  amount 

was n e c e s s a r y  to  p r e v e n t  c u r l i n g  which was o b se r v e d  on 

C e l i n a  s a m p le s .

C la y  M in e r a lo g y

The sp e c im e n s  were scan ned  as  f o l l o w s :

The M g - s a t u r a te d  c l a y  s l i d e  was g l y c o l a t e d  by p l a c i n g  i t  i n  

an e t h y l e n e  g l y c o l  p o t  a t  40°C f o r  12 h o u r s .  The K- 

s a t u r a t e d  c l a y  s l i d e  was x - r a y e d  a f t e r  b o t h  350°C and 555°C 

h e a t  t r e a t m e n t s .  The s c a n n i n g  r a n g e s  were:

Treatm ent S c a n n in g  ran ge

Mg -  25°C 

K -  25°C

3 - 3 0 °  20 

3 - 1 5 °  20
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3 - 1 5  2©
,03 - 1 5  2©
,o

M g - g l y c o l a t e d  

k -350

k -5 5 0  3 -1 5 "  2©

A P h i l i p s  E l e c t r o n i c  I n s t r u m e n t  x - r a y  g e n e r a t o r  

(XRG 3 1 0 0 ) ,  d i f f r a c t o m e t e r ,  and e l e c t r o n i c  c o n t r o l  p a n e l  

were used  f o r  t h e  x - r a y  d i f f r a c t o m e t r i c  a n a l y s e s .  The 

i n s t r u m e n t  s e t t i n g s  were as  f o l l o w s :

tu b e  t y p e  

tu b e  v o l t a g e  

tu b e  amperage  

t im e  c o n s t a n t  

c o u n t e r  r a t e  

s c a n  sp e e d  

monochromator  

d e t e c t o r

Cu

35 kv 

20 mA 

2

1000 cps  

2 °  2 © /minute  

g r a p h i t e  

s c i n t i l l a t i o n



RESULTS AND DISCUSSION

R a i n f a l l  C h a r a c t e r i s t i c s  and S o i l  E r o s i o n

The s i x  r e c o r d e d  r a i n f a l l  e v e n t s  were c o m p o s i t e  s torm s  

w ith  d i f f e r e n t  i n t e n s i t y  d i s t r i b u t i o n  p a t t e r n s .  Each o f  

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

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

c o m p o s i t e  s torm s were n o t  c l e a r  c u t .  B ecause  o f  t h i s  

problem ,  t h e  r a i n f a l l  d i s t r i b u t i o n  p a t t e r n s  o b t a in e d  from 

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

A c e s s a t i o n  o f  r a i n  i n  e x c e s s  o f  6 h o u r s  was ta k e n  as  th e  

end o f  one r a i n f a l l  p a t t e r n  and th e  b e g i n i n g  o f  a n o t h e r  

p a t t e r n .  The d i f f e r e n t  r a i n f a l l  c h a r a c t e r i s t i c s ,  nam ely ,  

r a i n f a l l  e r o s i o n  i n d e x  ( E l ) ,  r a i n f a l l  d u r a t i o n ,  amount o f  

r a i n f a l l ,  3 0 - m in u te  maximum i n t e n s i t y ,  and k i n e t i c  en e r g y ,  

were computed f o r  each  r a i n f a l l  d i s t r i b u t i o n  p a t t e r n .  The 

c o m p u t a t io n a l  p r o c e s s  i s  a d a p te d  from W ischm eier  and Smith  

(1 9 5 8 )  and USDA Handbook No.  537  ( 1 9 7 8 ) .  R a i n f a l l  en erg y  (E)  

was computed i n  t h e  m e t r i c  s y s t e m  w i t h  t h e  e q u a t io n :

E = 210 + 89 l o g 10 I
-1where I  r e p r e s e n t s  r a i n f a l l  i n t e n s i t y  (cm h r  ) and E i s  

t h e  computed r a i n f a l l  en e r g y  i n  m e t r i c - t o n  m e te r s  ha  cm 

o f  ra in *
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T a b le  4 .  The c h a r a c t e r i s t i c s  o f  t h e  s i x  r a i n f a l l  e v e n t s  and t h e  mean w e i g h t s  o f  
eroded s e d im e n t s  (g )  from t h e  c o n t r o l  p l o t s .

R a i n f a l l
D ate

R a i n f a l l
S eq u en ce

Mean w t .  
o f  Eroded  
Sed im ent(  g)

R a i n f a l l  
D u r a t io n  

( min)
I n t e n s i t y  

( cm/hr)
K i n e t i c *
Energy

E r o s i o n
Ind ex

R a i n f a l l
Amount

(mm)

S e p t . 3 1 2 3 7 . 9 5 4 0 5 3 . 9 4 1 0 6 8 .0 4 2 . 1 0 4 3 . 8 1
S e p t . 26 2 0 . 8 1 60 0 . 0 9 2 8 . 0 0 . 0 5 1 . 9 0
O ct .  10 3 1 .3 6 990 0 . 0 9 2 6 0 . 4 0 . 2 3 2 0 . 3 2
Nov. 4 4 0 . 3 3 60 0 .6 3 1 2 1 .0 O. 76 6 . 3 5
Nov. 13 5 2 . 4 8 120 5 .0 8 3 7 1 .0 1 8 . 8 5 1 6 . 5 1
Nov. 21 6 2 . 3 3 450 1 . 0 0 3 6 8 . 0 3 . 6 8 2 0 . 3 2

* m e t r i c - t o n  m eters  h e c t a r e  per  cm o f  r a i n f a l l .

-Nj
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The c h a r a c t e r i s t i c s  o f  t h e  s i x  r e c o r d e d  r a i n f a l l  

e v e n t s  and t h e  mean w e ig h t  o f  eroded  sed im en t  from t h e  

c o n t r o l  p l o t s  f o r  t h e  r e s p e c t i v e  r a i n f a l l  e v e n t s  a r e  shown 

i n  T a b le  4 .  The erod ed  s e d im e n t  a t t r i b u t e d  to  a s to rm  

e v e n t  i s  t h e  t o t a l  s e d im e n t  from a s i n g l e  r a i n f a l l  c o n s i s t 

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

I n  t h e  c o m p u ta t io n  o f  r a i n f a l l  c h a r a c t e r i s t i c s ,  th e  

maximum 3 0 -m in u te  i n t e n s i t y  and r a i n f a l l  en er g y  were com

puted  f o r  each  segment o f  t h e  s to r m .  The segment t h a t  gave  

t h e  h i g h e s t  v a l u e s  f o r  t h e s e  components  was c h o s e n  to  

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

A l l  t h e  o t h e r  r a i n f a l l  c h a r a c t e r i s t i c s ,  nam ely ,  r a i n f a l l  

amount, d u r a t i o n ,  k i n e t i c  e n e r g y  and e r o s i o n  in d e x  were  

s u b s e q u e n t l y  computed from t h a t  segm en t .  T h i s  i s  b a se d  on 

t h e  p r e m ise  t h a t  i t  i s  t h e  h i g h e r  v a l u e s  o f  th e  r a i n f a l l  

c h a r a c t e r i s t i c s  t h a t  c o n t r i b u t e s  most  to  s o i l  d e tach m en t  

d u r in g  th e  e r o s i o n  p r o c e s s .

S t a t i s t i c a l  A n a l y s i s ;

A s t e p  w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was used  t o  

e v a l u a t e  t h e  r e l a t i o n s h i p  b e tw een  t h e  p h y s i c a l  c h a r a c t e r i s 

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

i n d e p e n d e n t  v a r i a b l e s  w ere  th e  c h a r a c t e r i s t i c s  o f  t h e  s i x  

r a i n f a l l  e v e n t s ,  n a m ely ,  r a i n f a l l  d u r a t i o n  ( m i n ) , i n t e n s i t y  

(cm h r - -*-) , k i n e t i c  e n e r g y ,  e r o s i o n  i n d e x ,  and r a i n f a l l
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amount a s  shown i n  T a b l e  4 .  The dependent  v a r i a b l e s  were  

t h e  eroded s e d im e n t s  from t h e  s i x  r a i n f a l l  e v e n t s .  Both  

t h e  dep en d en t  and i n d e p e n d e n t  v a r i a b l e s  were coded by l o g  

t r a n s f o r m a t i o n ,  i . e .  1 + Xlog^Q, where X r e p r e s e n t s  th e  

o r i g i n a l  d a t a .

A co m p a r iso n  was made b e tw een  t h e  o b s e r v e d  eroded  

s e d im e n t  and p r e d i c t e d  v a l u e s  b a se d  on t h e  d e v e l o p e d  r e 

g r e s s i o n  e q u a t i o n .  L i n e a r  r e g r e s s i o n  a n a l y s e s  o f  eroded  

s e d im e n t  were s u b s e q u e n t l y  performed on two r a i n f a l l  

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

m e t e r s .  A d d i t i o n a l  a n a l y s i s  was th e  d e t e r m i n a t i o n  o f  

c o r r e l a t i o n  c o e f f i c i e n t s  b e tw e en  eroded se d im e n t  and com

puted r a i n f a l l  p a ra m eters  (T a b le  7 ) .

A l i s t i n g  o f  t h e  t r a n s f o r m e d  v a r i a b l e s  used i n  t h e  

r e g r e s s i o n  p r o c e d u r e  i s  g i v e n  i n  T a b le  5» R e g r e s s i o n s  were  

performed a c c o r d i n g  t o  t h e  SAS U s e r ' s  Guide 1979-



Table 5* The transformed variables used in the multiple regression analysis.*

R a i n f a l l  
S equenc e EROD DUR INT KE El AMT

1 5 .47206 6 .OO63 5 1 .5 9 7 3 6 6 .9 7 4 4 8 3 .7 6 3 5 2 3 .8 0 2 4 3
2 0 .5 9 3 3 3 4 .1 1 0 8 7 0 . 0 8 6 1 8 3 .3 6 7 2 9 0 .0 4 8 7 9 1 .0 6 4 7 1
3 0 . 8 5 8 6 6 6 . 8 9 8 7 1 0 . 0 8 6 1 8 5 . 5 6 6 0 5 0 . 2 0 7 0 1 3 . 0 5 9 6 4
4 0 . 2 8 5 1 8 4 .1 1 0 8 7 0 .4 8 8 5 8 4 .8 0 4 0 2 0 .5 6 5 3 1 1 .9 9 4 7 0
5 1 .2 ^ 7 0 3 4 .7 9 5 7 9 I . 8 0 5 0 0 5 .9 1 8 8 9 2 . 9 8 8 2 0 2 . 8 6 2 7 7
6 1 .2 0 2 9 7 6 .1 1 1 4 7 0 .6 9 3 1 5 5 . 9 1 0 8 0 1 .5 4 3 3 0 3 .0 5 9 6 4

* Log t r a n s f o r m a t i o n  i . e .  1 + Xlog-^Q, where X i s  o r i g i n a l  d a ta .

EROD = w e ig h t  o f  eroded  sed im en t  (g )

DUR = r a i n f a l l  d u r a t i o n  (min)

INT = r a i n f a l l  i n t e n s i t y  (cm /hr)

KE = k i n e t i c  en ergy  ( m e t r i c  t o n - m e t e r s  p e r  cm o f  r a i n )

El  = t o t a l  r a i n f a l l  energy  x 30 min maximum i n t e n s i t y  i . e .  e r o s i o n  i n d e x
( m e t r i c  t o n - m e t e r s  p er  cm o f  r a i n )

AMT = r a i n f a l l  amount (mm)
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T a b le  6 .  R a i n f a l l  v a r i a b l e s  t h a t  e x p l a i n  t h e  s t e p w i s e  

r e l a t i o n s h i p  b e tw een  s e d im e n t  l o s s e s  and r a i n 
f a l l  p a r a m e te r s .

R a i n f a l l  C h a r a c te r  ( V a r i a b l e ) R2

E r o s i o n  in d e x  ( E l ) O.6 3 *
I n t e n s i t y  ( I 3 0 ) 0 . 9 2
D u r a t i o n  (DUR) 0 .9 ^
Amount (AMT) 0 .9 ^
K i n e t i c  en e rg y  (KE) 0 . 9 4

* The a d d i t i o n  o f  t h e  n e x t  v a r i a b l e  improves  t h e  a c c u r a c y  
o f  th e  p r e d i c t i o n .

N i n e t y  two p e r c e n t  o f  eroded  s e d im e n t  c o u ld  be e x 

p l a i n e d  by e r o s i o n  in d e x  and maximum 3 0 -m in u te  r a i n  i n t e n 

s i t y .  E r o s i o n  i n d e x  a l o n e  a c c o u n t s  f o r  63 %  o f  t h i s  v a l u e .  

By d e f i n i t i o n ,  r a i n f a l l  e r o s i o n  in d e x  i s  th e  p ro d u ct  o f  

t o t a l  s torm  e n e r g y  (E) t im e s  t h e  maximum 3 0 - m in u t e  i n t e n 

s i t y  ( I 3 0 ) . E r o s i o n  in d e x  r e f l e c t s  how t o t a l  e n e r g y  and 

peak i n t e n s i t y  a r e  combined i n  each  s to rm .  T h i s  r e l a t e s  

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

W isch m eier  and S m ith  (1 9 5 8 )  i n d i c a t e d  t h a t  median r a in d r o p  

s i z e  i n c r e a s e d  w i t h  r a i n  i n t e n s i t y .  T h e se  a u t h o r s  f u r t h e r  

i n d i c a t e d  t h a t  s i n c e  t h e  e n er g y  o f  a  g i v e n  mass i n  m otion  

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

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

t h e r e f o r e  i n c r e a s e s  w i t h  i n t e n s i t y  and t h e  I^q component
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i n d i c a t e s  t h e  p r o lo n g e d  r a t e s  o f  s o i l  detachment  and r u n 

o f f .

I t  i s  t h e r e f o r e  a p p a ren t  t h a t  t h e  e n e r g y  t im e s  i n t e n 

s i t y  i n t e r a c t i o n  term  p r o v i d e s  an o u t s t a n d i n g  common 

d en o m in a to r  f o r  r a i n f a l l  c l a s s i f i c a t i o n  on t h e  b a s i s  o f
2e r o s i o n - p r o d u c i n g  c a p a c i t y .  No more improvement m  t h e  R 

was o b s e r v e d  by t h e  a d d i t i o n  o f  o t h e r  r a i n f a l l  p a ra m e te r s .

S u b s t a n t i a l  d i f f e r e n c e s  e x i s t  b e tw e en  r a i n f a l l  c h a r a c 

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

eroded  s e d im e n t  ( T a b le  7 ) .  E r o s i o n  in d e x  had t h e  h i g h e s t  

c o r r e l a t i o n  w i t h  erod ed  s e d im e n t .  R a i n f a l l  e n e r g y ,  amount 

and I j q  have  f a i r l y  good c o r r e l a t i o n  w i t h  eroded s e d im e n t .  

R a i n f a l l  d u r a t i o n  was n o t  an im p o r ta n t  c o n t r i b u t o r y  f a c t o r  

i n  t h e  e r o s i o n  p r o c e s s .  T h is  i s  p r o b a b ly  due to  t h e  f a c t  

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

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

a s h o r t  d u r a t i o n  r a i n  o f  h i g h  i n t e n s i t y  might  be more 

e f f e c t i v e  i n  t h e  e r o s i o n  p r o c e s s .

The s i m i l a r i t y  b e tw een  o b s e r v e d  and p r e d i c t e d  eroded  

s e d im e n t  from t h e  r e g r e s s i o n  model  i n d i c a t e  t h a t  t h e  major  

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

th e  i n t e r a c t i v e  term s  o f  r a i n f a l l  e n e r g y  and maximum 3 0 -  

m inute  i n t e n s i t y  ( F i g .  8 ) .
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T a b le  ?• R a i n f a l l  c h a r a c t e r s  used  i n  t h e  r e g r e s s i o n
a n a l y s i s  and t h e i r  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  
eroded  s e d im e n t .

V a r i a b l e  C o r r e l a t i o n  C o e f f i c i e n t s

R a i n f a l l  d u r a t i o n  0 . 3 7
Maximum 3 0 -m in u te  i n t e n s i t y  0 . 6 2
K i n e t i c  en e rg y  0 . 7 1
E r o s i o n  in d e x  O. 7 9
R a i n f a l l  amount O. 6 9
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The E f f e c t i v e n e s s  o f  V e r t i c a l  M u lch in g  and S l o t  T r e n c h in g  

As E r o s i o n  C o n t r o l  T ec h n iq u e s

A n a l y s i s  o f  v a r i a n c e  f o r  t h e  randomized c o m p le te  b l o c k  

d e s i g n  e x p er im en t  was c a r r i e d  o u t  to  h i g h l i g h t  any p o s s i b l e  

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 een  n o - t i l l a g e  c o n t r o l  p l o t s  

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

r u n o f f  and s e d im e n t  l o s s e s  from t h e  m i c r o p l o t s .  I n  a d d i 

t i o n ,  f o u r  i n d e p e n d e n t  com p ar ison s  o f  t h e  p r o f i l e  m o d i f i 

c a t i o n  t r e a t m e n t s  w ere  c a r r i e d  o u t  to  i d e n t i f y  t h e  more 

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

r u n o f f  and sed im en t  l o s s e s  r e d u c t i o n .  The o r t h o g o n a l  com

p a r i s o n  a l s o  p r o v id e d  i n f o r m a t i o n  on th e  more s u i t a b l e  s l o t  

s p a c i n g  f o r  optimum r e d u c t i o n  i n  r u n o f f  and se d im e n t  l o s s e s .

E f f e c t s  o f  S o i l  P r o f i l e  M o d i f i c a t i o n  on R u n o f f

From t h e  a n a l y s i s  o f  v a r i a n c e ,  t r e a tm e n t ,  r e s p o n s e  to  

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

f a l l  e v e n t s .  T h ese  were t h e  r a i n  e v e n t s  o f  September 3 and 

November 4 .  There  w ere  no o t h e r  o b s e r v e d  d i f f e r e n c e s  in  

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

m ents  f o r  a l l  o t h e r  r a i n f a l l  e v e n t s  ( T a b l e s  8 to  1 3 ) .

W ith  t h e  r a i n f a l l  e v e n t  o f  S eptem ber  3» r u n o f f  from  

t h e  c o n t r o l  p l o t s ,  v e r t i c a l  m u lc h in g  ( 9 1 - ^  cm s p a c i n g )  and 

s l o t  t r e n c h i n g  ( 9 1 - ^  cm s p a c i n g )  were s i g n i f i c a n t l y  d i f f e r 

e n t  from r u n o f f  o b t a i n e d  from t h e  c o n t r o l  p l o t s ,  s l o t
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t r e n c h i n g  ( 1 8 2 . 9  cm s p a c i n g )  and v e r t i c a l  m u lc h in g  ( 1 8 2 . 9  cm

s p a c in g )  ( T a b le  8 ) .  W ith  t h i s  r a i n f a l l  e v e n t ,  s l o t  t r e n c h 

i n g  a t  9 1 .^ cm s p a c i n g  r e d u ce d  r u n o f f  by 8 . 9 3  l i t e r s  com

pared  t o  t h e  same t r e a t m e n t  a t  1 8 2 . 9  cm s p a c i n g .  S i m i l a r l y ,  

v e r t i c a l  m u lc h in g  a t  9 1 . ^  cm s p a c i n g  red u ced  r u n o f f  l o s s e s  

by 7*52  l i t e r s  compared t o  t h e  same p r o f i l e  m o d i f i c a t i o n  

t e c h n i q u e  a t  1 8 2 . 9  cm s p a c i n g .

With t h e  r a i n f a l l  e v e n t  o f  November t h e  r u n o f f  

from s l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g  was s i g n i f i c a n t l y

. d i f f e r e n t  a t  t h e  5 %  l e v e l  from a l l  t h e  o t h e r  t r e a t m e n t s  

exam ined.  S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g  was t h e r e f o r e  

t h e  most  e f f e c t i v e  r u n o f f  r e d u c t i o n  measure ( T a b l e  1 1 ) .

T a b le  8 .  Mean r u n o f f  volume ( l i t e r s )  from p l o t s  w i t h
d i f f e r e n t  t r e a t m e n t s  f o r  t h e  r a i n f a l l  e v e n t  o f  
Septem ber  3» 1982 .

Treatm ent Mean r u n o f f  
( l i t e r s )

S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 2 2 . 3 8
V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g 2 1 . 3 3
N o - t i l l a g e  c o n t r o l  p l o t s 1 6 . 2 7
V e r t i c a l  m u lc h in g  a t  91*^ cm s p a c i n g 1 3 - 8 1
S l o t  t r e n c h i n g  a t  91*^ cm s p a c i n g 1 3-^ 5

LSD. 05 = 7 -3 2
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Table 9. Mean runoff volume (liters) from plots with
different treatments for the rainfall event of
September 26, 1982.

T reatm en t Mean r u n o f f  (L)

S l o t  t r e n c h i n g  a t  91*4 cm s p a c i n g I . 8 7
N o - t i l l a g e  c o n t r o l  p l o t s 1 .8 6
V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g 1 . 8 0
V e r t i c a l  m u lc h in g  a t  9 1 - 4  cm s p a c i n g 1 .5 6
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 1 . 4  0

LSD.05 = 0 .7 5

T a b le  10.  Mean r u n o f f  volume ( l i t e r s )  from p l o t s  w i t h
d i f f e r e n t  t r e a t m e n t s  f o r  t h e  r a i n f a l l  e v e n t  o f  
O ctober  1 0 ,  1982 .

T reatm en t  Mean r u n o f f  (L)

S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g  2 . 7 6
S l o t  t r e n c h i n g  a t  9 1 . 4  cm s p a c i n g  2 . 4 l
N o - t i l l a g e  c o n t r o l  p l o t s  2 . 3 5
V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g  2 . 2 6
V e r t i c a l  m u lch in g  a t  91*4 cm s p a c i n g  2 . 1 4

LSD. 0 5  = 1*01
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Table 11. Mean runoff volume (liters) from plots with
different treatments for the rainfall event of
November 4, 1982.

Treatm ent Mean r u n o f f  (L)

V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g 1 . 5 7
V e r t i c a l  m u lc h in g  a t  9 1 - 4  cm s p a c i n g 1 . 3 8
N o - t i l l a g e  c o n t r o l  p l o t s 1 . 1 7
S l o t  t r e n c h i n g  a t  9 1 . 4  cm s p a c i n g 1 .1 2
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 0 . 7 9

1SD.0 5  =
0 .4 9

T a b le  12. Mean r u n o f f  volume ( l i t e r s )  from p l o t s  w i t h
d i f f e r e n t  t r e a t m e n t s  f o r  t h e  r a i n f a l l  e v e n t  o f  
November 13» 1982 .

T reatm en t Mean r u n o f f  (L)

V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g 2 . 4 0
C o n t r o l  p l o t s  ( n o - t i l l a g e ) 2 . 1 8
S l o t  t r e n c h i n g  a t  9 1 * 4  cm s p a c i n g 2 . 0 6
V e r t i c a l  m u lch in g  a t  9 1 . 4  cm s p a c i n g 1 . 9 3
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 1 . 9 0

LSD. 05
= 0 .7 2
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Table 13- Mean runoff volume (liters) from plots with

different treatments for the rainfall event of
November 2 1 , 1982.

Treatm ent  Mean r u n o f f  (L)

V e r t i c a l  m u lch in g a t 1 8 2 .9 cm s p a c i n g 6 ,■ 92
S l o t  t r e n c h i n g  a t 182 • 9 cm s p a c i n g 6 ,,26
N o - t i l l a g e  c o n t r o l . p l o t s 5'.77
V e r t i c a l  m u lc h in g a t 9 1 . 4 cm s p a c i n g 5 - .76
S l o t  t r e n c h i n g  a t 9 1 . 4 cm spac  m g 5-.72

LSD>05 = 3 - 8 6

The f o u r  in d e p e n d en t  co m p a r iso n s  made a r e  shown i n  

T a b le  14. The c o e f f i c i e n t s  f o r  t h e  p a r t i t i o n i n g  o f  t h e  sum 

o f  s q u a r e s  i n t o  o r t h o g o n a l  co m p a r iso n s  and th e  r e s u l t s  o f  

a l l  t h e  c o m p a r iso n s  a r e  shown i n  t h e  Appendix  (T a b le  4 5 ,  4 6 -

5 D .

T a b le  14. O r th o g o n a l  c o m p a r iso n s  made f o r  r u n o f f  and s e d i 
ment l o s s e s  from p l o t s  w i t h  d i f f e r e n t  p r o f i l e  
m o d i f i c a t i o n  t r e a t m e n t s .

( 1 )  R esp o n se  to  p r o f i l e  m o d i f i c a t i o n  ( i . e .  n o - t i l l a g e  
c o n t r o l  p l o t s  v s .  t r e a t m e n t s ) .

( 2 )  V e r t i c a l  m u lch in g  ( 9 1 . 4  cm + 1 8 2 . 9  cm s p a c i n g s )  v s .  
s l o t  t r e n c h i n g  ( 9 1 . 4  cm + 1 8 2 . 9  cm s p a c i n g s ) .

( 3 )  V e r t i c a l  m u lch in g  a t  9 1 . 4  cm s p a c i n g  v s .  v e r t i c a l  
m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g .

(4 )  S l o t  t r e n c h i n g  a t  9 1 . 4  cm s p a c i n g  v s .  s l o t  t r e n c h i n g  
a t  1 8 2 . 9  cm s p a c i n g .
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I n d ep en d en t  co m p a r iso n  o f  t h e  c o n t r o l  p l o t s  v e r s u s  

t r e a t m e n t s  f o r  a l l  r a i n f a l l  e v e n t s  i n  e f f e c t i v e n e s s  t o  

c o n t r o l  r u n o f f  l o s s e s  showed no s i g n i f i c a n t  d i f f e r e n c e  a t  

t h e  5 p e r c e n t  l e v e l  ( T a b l e s  4 6 - 5 1 ,  A p p e n d ix ) .

W ith  t h e  r a i n f a l l  e v e n t  o f  Nov.  4 ,  t h e  s l o t  t r e n c h i n g  

t e c h n iq u e  was more e f f e c t i v e  i n  t h e  r e d u c t i o n  o f  r u n o f f  

th an  t h e  v e r t i c a l  m u lc h in g  t e c h n i q u e  (T a b le  4 9 ,  A p p e n d ix ) .

W ith  t h e  r a i n f a l l  e v e n t  o f  Septem ber  3 ,  v e r t i c a l  

m u lc h in g  a t  91 -^  cm s p a c i n g  i n t e r v a l  was more e f f e c t i v e  in  

r u n o f f  r e d u c t i o n  th a n  t h e  1 8 2 . 9  cm s p a c i n g  o f  t h e  same 

t r e a t m e n t .  The 91 -^  cm s p a c i n g  o f  s l o t  t r e n c h i n g  was a l s o  

more e f f e c t i v e  than  t h e  1 8 2 . 9  cm s p a c i n g  o f  t h e  same t r e a t 

ment .

V e r t i c a l  m u lch in g  and s l o t  t r e n c h i n g  were n o t  c o n 

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

e v e n t s .  The c l o s e r  s l o t  s p a c i n g  o f  9 1 - ^  cm i n  b o t h  p r o f i l e  

m o d i f i c a t i o n  methods were more e f f e c t i v e  i n  i n c r e a s i n g  s o i l  

w a te r  i n t a k e  and c o n s e q u e n t l y  red u ce d  t h e  amount o f  s u r f a c e  

w a te r  a v a i l a b l e  f o r  r u n o f f .

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

m u lc h in g  t r e a t m e n t s  i n  t h e  r e d u c t i o n  o f  r u n o f f  ap p ear  to

depend on t h e  r a i n f a l l  c h a r a c t e r i s t i c s .  The r a i n f a l l  o f
-  1S eptem ber  3 had a 4 0 5 -m in  d u r a t i o n ,  3*?-+ cm. h r  

i n t e n s i t y  and a t o t a l  amount o f  4 3 - 8 1  mm, and t h i s  was t h e  

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

w ere  much l o w e r  i n  m a g n itu d e .  I t  t h e r e f o r e  appears  

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

c a t i o n  t e c h n i q u e s  a s  r u n o f f  r e d u c t i o n  m easures  t o  be  

c l e a r l y  e v i d e n c e d  o n l y  when t h e r e  i s  enough s u r f a c e  w a ter  

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

E f f e c t s  o f  S o i l  P r o f i l e  M o d i f i c a t i o n  on Sed im ent  L o s s e s

S ed im en t  l o s s e s  d u r in g  t h e  s i x  r a i n f a l l  e v e n t s  from  

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

m ents  a re  shown i n  T a b l e s  15 t o  20 .  S e d im en ts  from each  

r a i n f a l l  e v e n t  were a n a ly z e d  s e p a r a t e l y .  W ith  a n a l y s i s  

o f  v a r i a n c e ,  d i f f e r e n c e s  i n  t r e a t m e n t s  e f f e c t  w ere  o b se r v e d  

o n l y  i n  s e d im e n t  l o s s e s  d u r in g  t h e  r a i n f a l l  e v e n t  o f  Septem

b er  26 (T a b le  1 6 ) .  A l l  o t h e r  r a i n f a l l  e v e n t s  d id  n o t  produce  

s e d i m e n t s  t h a t  were s i g n i f i c a n t l y  d i f f e r e n t  among the  

t r e a t m e n t  s .

S e d im en t  l o s s e s  on Septem ber  26 from t h e  c o n t r o l  

p l o t s ,  v e r t i c a l  m u lc h in g  p l o t s  a t  1 8 2 . 9  cm s p a c i n g ,  and 

s l o t  t r e n c h i n g  p l o t s  a t  91-^  cm s p a c i n g  were s i g n i f i c a n t l y  

d i f f e r e n t  from l o s s e s  o b t a i n e d  from v e r t i c a l  m u lch in g  

( 1 8 2 . 9  cm s p a c i n g ) ,  s l o t  t r e n c h i n g  ( 9 1 . ^  cm s p a c i n g ) ,  s l o t  

t r e n c h i n g  ( 1 8 2 . 9  cm s p a c i n g )  and v e r t i c a l  m u lch in g  (91*^ cm 

s p a c i n g )  p l o t s  a t  5$ l e v e l  w i t h  LSD (T a b le  1 6 ) .
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T a b le  1 5 . Mean s e d im e n t  w e i g h t  ( g )  f r o m  m i c r o p l o t s  w i t h
d i f f e r e n t  t r e a t m e n t s  f o r  t h e  r a i n f a l l  o f
S e p te m b e r  3 -

Treatm ent Mean s e d im e n t  
w e i g h t  (g )

V e r t i c a l  m u lch in g  a t  1 8 2 . 9  cm s p a c i n g 4-00.93
V e r t i c a l  m u lc h in g  a t  91.4- cm s p a c i n g 384-. 92
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 3 5 6 . 0 7
C o n t r o l  p l o t s 2 3 7 . 9 5
S l o t  t r e n c h i n g  a t  91*^ cm s p a c i n g 170.84-

LSD. 05 = 24-5.07

T a b le  16. Mean s e d im e n t  w e ig h t  ( g) from p l o t s  w i t h
d i f f e r e n t  p r o f i l e  m o d i f i c a t i o n  t r e a t m e n t s  f o r  
t h e  r a i n f a l l  e v e n t  o f  S eptem ber  26 .

m . . Mean s e d im e n tT reatm en t  w e lg h t  (g )

N o - t i l l a g e  c o n t r o l  p l o t s  0 . 8 1
V e r t i c a l  m u lch in g  a t  1 8 2 . 9  cm s p a c i n g  O. 6 3
S l o t  t r e n c h i n g  a t  91.4- cm s p a c i n g  O. 6 3
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g  0.54-
V e r t i c a l  m u lc h in g  a t  91.4- cm s p a c i n g  0.4-7

LSD  ̂Qc< = 0 . 2 7
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S i m i l a r  o r t h o g o n a l  co m p a r iso n s  made f o r  r u n o f f  l o s s e s  

a s  shown i n  T a b le  19 were made f o r  s e d im e n t  l o s s e s  from  

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

d i f f e r e n c e s  were o n l y  o b t a i n e d  f o r  s e d im e n t  l o s s e s  o f  t h e  

r a i n f a l l  e v e n t s  o f  S eptem ber  2 6 .

I n d ep en d e n t  c o m p a r iso n  o f  t h e  c o n t r o l  v e r s u s  t r e a tm e n t s  

f o r  t h e  r a i n f a l l  e v e n t  o f  S ep tem b er  26 showed t h a t  sed im en t  

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

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

t r e a t m e n t s  a t  t h e  l e v e l  ( T a b l e  53» Appendix  ) .  A l l  

o t h e r  co m p a r iso n s  d id  n o t  show any s i g n i f i c a n t  d i f f e r e n c e s  

betw een  th e  t r e a t m e n t  forms f o r  t h i s  r a i n f a l l  e v e n t .

V e r t i c a l  m u lc h in g  and s l o t  t r e n c h i n g  p r o f i l e  m o d i f i 

c a t i o n  t e c h n i q u e s  were n o t  c o n s i s t e n t  i n  t h e  r e d u c t i o n  o f  

s e d im e n t  l o s s e s  d u r in g  t h e  s i x  r a i n f a l l  e v e n t s .  In  o n l y  

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

prove  s u p e r i o r  to  t h e  n o - t i l l  c o n t r o l  i n  t h e  r e d u c t i o n  o f  

s e d im e n t  l o s s e s .  S e d im e n t  l o s s e s  from t h e  o t h e r  f i v e  r a i n 

f a l l s  were s i m i l a r  b e tw een  t h e  c o n t r o l  and t h e  t r e a tm e n t  

f o r m s .  V e r t i c a l  m u lc h in g  and s l o t  t r e n c h i n g  d i d  n o t  show 

any h i g h e r  e f f e c t i v e n e s s  i n  c o n t r o l l i n g  s e d im e n t  l o s s e s  

b e tw ee n  91*^ cm and 1 8 2 . 9  cm s l o t  s p a c i n g s .  V e r t i c a l  mulch

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

t h e i r  e f f e c t i v e n e s s  t o  r e d u c e  s e d im en t  l o s s e s .
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Table 17. Mean sediment weight (g) from plots with
different treatments for the rainfall event of
October 10.

T reatm ent Mean s e d im e n t  
w e i g h t  (g )

S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 1.*j4
V e r t i c a l  m u lch in g  a t  1 8 2 . 9  cm s p a c i n g 1 . 3 9
C o n t r o l  p l o t s 1 . 3 6
V e r t i c a l  m u lch in g  a t  9 1 .^  cm s p a c i n g 1 . 2 6
S l o t  t r e n c h i n g  a t  9 1 -^  cm s p a c i n g 1 . 2 0

LSD_05 = 1 .1 9

T a b le  1 8 .  Mean sed im e n t  w e ig h t  ( g) from p l o t s  w i t h
d i f f e r e n t  t r e a t m e n t s  f o r  th e  r a i n f a l l  e v e n t  o f  
November k .

Treatment Mean s e d im e n t
w e i g h t  (g )

V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g 0 . ^ 5
S l o t  t r e n c h i n g  a t  9 1 . ^  cm s p a c i n g Q A l
V e r t i c a l  m u lch in g  a t  9 1 .^  cm s p a c i n g 0 . 3 5
C o n t r o l  p l o t s 0 . 3 3
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 0 . 2 2

LSD<0  ̂ = 0.035
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Table 19. Mean sediment weight (g) from microplots with

different treatments from the rainfall event of
November 13 •

T re atm en t Mean s e d im e n t  
w e ig h t  (g )

C o n t r o l  p l o t s 2 . 4 8
V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g 2 .0 2
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 1 . 9 4
V e r t i c a l  m u lc h in g  a t  9 1 . 4  cm s p a c i n g 1 . 7 2
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g 1 . 6 2

LSD.0 5  = 1 .6 3

T a b le  20 .  Mean s e d im e n t  w e i g h t  ( g)  from m i c r o p l o t s  w i t h  
d i f f e r e n t  t r e a t m e n t s  f o r  t h e  r a i n f a l l  e v e n t  o f  
November 2 1 .

Treatm ent w e ig h t  ( g)

V e r t i c a l  m u lc h in g  a t  1 8 2 . 9  cm s p a c i n g  4 . 1 8
S l o t  t r e n c h i n g  a t  1 8 2 . 9  cm s p a c i n g  3*54
C o n t r o l  p l o t s  2 . 3 3
S l o t  t r e n c h i n g  a t  9 1 . 4  cm s p a c i n g  2 . 3 1
V e r t i c a l  m u lc h in g  a t  9 1 . 4  cm s p a c i n g  1*59

LS D. o s  ^ . 2 9



93

E f f e c t s  o f  S o i l  P r o f i l e  M o d i f i c a t i o n  on Soybean Y i e l d  and 

t h e  R e l a t i o n s h i p  Betw een  Y i e l d  and S o i l  M o is tu r e  '

Soybean  Y i e l d

Soybean  y i e l d  d a t a  from t h e  d i f f e r e n t  p r o f i l e  modi

f i c a t i o n  t r e a t m e n t s  a r e  g i v e n  i n  T a b le  21 .  A n a l y s i s  o f  

v a r i a n c e  on s o y b e a n  y i e l d  was computed on a randomized com

p l e t e  b l o c k  d e s i g n .

Soybean  y i e l d s  from b o th  s p a c i n g  i n t e r v a l s  o f  s l o t  

t r e n c h i n g  t r e a t m e n t s  ( 9 1 . 4  cm and 1 8 2 .9  cm) and y i e l d  from 

t h e  c o n t r o l  p l o t  w ere  h i g h e r  th a n  y i e l d s  o b t a in e d  from 

v e r t i c a l  m u lch in g  p l o t s  a t  b o t h  s p a c i n g  i n t e r v a l s  a t  th e  

5!$ l e v e l  o f  s i g n i f i c a n c e .

The magnitude o f  y i e l d  i n c r e a s e  e x p e c t e d  from s o i l  

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

amount and d i s t r i b u t i o n  o f  r a i n f a l l  d u r i n g  t h e  grow ing  

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

t r e a t m e n t  i n  t h i s  s t u d y  i s  a t t r i b u t e d  t o  in a d e q u a te  r a i n f a l l  

d u r i n g  t h e  grow ing  p e r i o d .  R a i n f a l l  d i s t r i b u t i o n  and amount 

a t  t h e  s t u d y  s i t e  were b e lo w  a v e r a g e  d u r i n g  th e  1982 growing  

p e r i o d  ( T a b l e s  2 and 3 ) .  R a i n f a l l  amounts from p l a n t i n g  

(June  18) u n t i l  h a r v e s t i n g  (Nov.  6)  was o n l y  1 8 . 9 5  cm and 

a l s o  u n e v e n l y  d i s t r i b u t e d .  T h i s  in a d e q u a te  r a i n f a l l  n o t  

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

p o t e n t i a l s ,  i t  a l s o  r e f l e c t e d  on t h e  g e n e r a l  performance o f
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t h e  so y b e a n  c r o p .  Soybean s t a n d s  on r e p l i c a t e s  1 ,  2 and 3 

(Miamian s i l t y  c l a y  loam) e x h i b i t e d  w ater  s t r e s s  p a r t i c u l a r 

l y  a t  t h e  e a r l y  s t a g e  o f  soybean  grow th .  The s o y b e a n  

s t a n d s  on Miamian s o i l s  were s h o r t e r ,  w i t h  some o f  t h e  

lo w e r  l e a v e s  t u r n i n g  brown and d r y in g  o u t .  Y i e l d s  from  

t h e s e  r e p l i c a t e s  were c o n s i d e r a b l y  lo w e r  th a n  t h o s e  o b t a in e d

from t h e  C e l i n a  s o i l  w i t h  an a q u ic  m o i s t u r e  r e g i m e .

The u n u s u a l l y  dry  grow ing  p e r io d  t h a t  o c c u r r e d  d u r in g

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

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

T h i s  c r e a t e d  a g e n e r a l  poor growth c o n d i t i o n  f o r  t h e  

so y b e a n  cr o p .

T a b le  2 1 .  Mean y i e l d  o f  so y b ea n  ( k g /h a )  o b t a i n e d  from
p l o t s  r e c e i v i n g  d i f f e r e n t  s o i l  p r o f i l e  m o d i f i 
c a t i o n  t r e a t m e n t s .

Soyb ean  Y i e l d  
Treatm ent  ( k g / h a ) *

S l o t  t r e n c h i n g  ( 9 1 - ^  cm s p a c in g )  1 ^ 6 7 -3 °
C o n t r o l  1^443-76
S l o t  t r e n c h i n g  ( 1 8 2 . 9  cm s p a c in g )  1 1 6 8 . 5 9
V e r t i c a l  m u lc h in g  ( 1 8 2 . 9  cm s p a c in g )  1 0 6 9 -0 2
V e r t i c a l  m u lc h in g  ( 9 1 - ^  cm s p a c in g )  1 0 6 5 -6 6

LSD . 0 5  = 312.93
* F i e l d  w e i g h t ;
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R e l a t i o n s h i p  Between Y i e l d  and S o i l  M o i s t u r e  C o n d i t io n

The v o l u m e t r i c  w a te r  c o n t e n t  d e t e r m i n a t i o n  ( f o )  made 

f o r  th e  e x p e r i m e n t a l  p l o t s  on Septem ber  10 ,  Septem ber  19 > 

S eptem ber  29» O cto b er  11 ,  and November 8 a r e  p r e s e n t e d  i n  

T a b le  59 (A ppendix)  and F i g u r e s  9 t o  11 .  Mean a v a i l a b l e  

s o i l  w a te r  c o n t e n t s  ( f o )  f o r  0 - 1 5  and 1 5 - 3 0  cm d e p th s  f o r  

p l o t s  under  d i f f e r e n t  t r e a t m e n t s  a r e  shown i n  T ab le  2 2 .

A v a i l a b l e  m o i s t u r e  c o n t e n t s  a t  b oth  0 - 1 5  and 1 5 -3 0  cm 

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

management s y s t e m s .  A l l  t h e  e x p e r i m e n t a l  p l o t s  r e c e i v i n g  

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

s o i l  m o i s t u r e  d i s t r i b u t i o n  t r e n d  w i t h i n  0 - 1 5 » 1 5 - 3 0  and 

30-4-5 cm d e p t h s ,  r e s p e c t i v e l y .

A s t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was computed  

t o  d e t e r m in e  which d ep th  or d e p t h s  o f  s o i l  v o l u m e t r i c  

m o i s t u r e  c o n t e n t  c o n t r i b u t e d  more t o  t h e  soybean  y i e l d .  The 

a n a l y s i s  were made f o r  s o i l  vo lum es  c o m p r i s in g  0 - 1 5 t 0 - 3 0  

and 0-4-5 cm d e p t h s .
2From T a b le  4-3 (A ppendix)  t h e  R v a l u e  s u g g e s t s  t h a t  

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

c o n t e n t  i n  t h e  0-4-5 cm d e p t h .  The c o n t r i b u t i o n s  (R ) o f  th e  

s o i l  m o i s t u r e  c o n t e n t  i n  0 - 1 5  cm and 0 - 3 0  cm d ep th s  t o  s o y -  

bean y i e l d  w ere  lo w  (T a b le  5 9 ) -  The low  R v a l u e  o f  0 . 5 3  

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

m ajor  f a c t o r s  a c c o u n t  f o r  t h e  r e m a in in g  4-7 p e r c e n t
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 * x = V e r t i c a l  M ulch ing  (91 .^cm)
o o = V. M ulching  ( 1 8 2 . 9  cm)
v >/ = S l o t  T re n c h in g  ( 9 1 . ^  cm)
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9/299/10

Sampling d a les

F ig u r e  9 .  V o lu m e tr i c  S o i l  M o is tu r e  C ontent  ( % )  a t  0 -1 5  cm Depth f o r  th e  
D i f f e r e n t  T rea tm en ts  and t h e  5 Sam pling  D a t e s .
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A A = V e r t i c a l  M ulch ing  ( 9 1 . 4  cm).
o —i- i -o  = V e r t i c a l  M ulch ing  ( 1 8 2 .9  cm)
•-------- • = S l o t  T re n c h in g  ( 1 8 2 . 9  cm)
D D = S l o t  T re n c h in g  ( 9 1 . 4  cm)
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25 .
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9^19 
Sam pling  D a te s

9 / 1 0 9 / 2 9 10/11 11 /8

F ig u r e  1 0 . V o lu m e tr i c  S o i l  M o is tu r e  C ontent  ( % )  a t  15~30 cm Depth f o r  th e  
D i f f e r e n t  T rea tm en ts  and t h e  5 sa m p l in g  D a t e s .
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9 s  = S l o t  T re n c h in g  (182.9  cm)
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A :

2C.

1 o ' /n9 / 1 9
Sam pling

9 / 2 9
D a te s

11/89/10

F ig u r e  n .  V o lu m e tr i c  S o i l  M o i s t u r e  C o n ten t  ( f o )  a t  30 -^5  cm Deth f o r  t h e  
D i f f e r e n t  T rea tm en ts  and t h e  5 Sam pling  D a t e s .
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c o n t r i b u t i o n  a f f e c t i n g  soybean  y i e l d  i n  t h i s  e x p e r im e n t .

The g r e a t e r  r e s p o n s e  o f  y i e l d  t o  t h e  l a r g e s t  s o i l  volume  

( 0 - 4 5  cm) i s  p r o b a b ly  due t o  a h i g h e r  volume o f  w a te r  t h a t  

i s  a s s o c i a t e d  w i t h  a h i g h e r  s o i l  vo lume i n  th e  0 -4 5  cm depth  

r e l a t i v e  t o  t h e  v o lu m es  i n  0 - 1 5  and 0 - 3 0  cm d e p t h s .

F i g u r e  15 (A ppendix) .  i s  a p l o t  o f  p r e d i c t e d  y i e l d

(PYIELD) v s .  y i e l d  and F i g u r e  16 (A ppendix  ) i s  a p l o t  o f

r e s i d u a l  y i e l d  (RYIELD) v s .  p r e d i c t e d  y i e l d  (PYIELD). Both
2f i g u r e s  a r e  b a se d  on t h e  R r e l a t i o n s h i p  o f  s o i l  m o i s t u r e  

and y i e l d  a t  0 - 4 5  cm d e p t h .

The c o r r e l a t i o n  c o e f f i c i e n t  b e tw een  s o y b e a n  y i e l d  and 

s o i l  m o i s t u r e  c o n t e n t  i n  0 - 1 5 ,  0 - 3 0 , and 0 - 4 5  cm d e p t h s  are  

poor  ( T a b le  44* Append ix  ) ,  The c o r r e l a t i o n  betw een  y i e l d  

and m o i s t u r e  c o n t e n t  i n  O- 1 5  cm i s  0 . 1 4  w h i l e  t h e  c o r r e s 

p o n d in g  v a l u e s  f o r  0 - 3 0  and 0 - 4 5  cm d e p t h s  a r e  - 0 . 6 4  and 

-O . 7 3  r e s p e c t i v e l y .

T a b le  2 2 .  Mean A v a i l a b l e  M o i s t u r e  C o n ten t  ( f o )  f o r  t h e  
P l o t s  w i t h  D i f f e r e n t  T r e a tm e n ts .

T rea tm en t  Depth  cm f> A v a i l a b l e  HgO

V e r t i c a l  M u lch in g  ( 9 1 . ^  cm 0 - 1 5  6 . 2 4
■ s p a c i n g )  1 5 - 3 0  5 . 6 ?

V. M u lch in g  ( 1 8 2 . 9  cm s p a c i n g )  0 - 1 5  7 - 1 7
1 5 -3 0  5 . 8 5

S l o t  T r e n c h in g  (9 1 * ^  cm s p a c i n g )  0 - 1 5  7*93
1 5 - 3 0  6 . 5 3

S .  T r e n c h in g  ( 1 8 2 . 9  cm s p a c i n g )  0 - 1 5  5 -5 7
1 5 - 3 0  6 . 0 4

C o n t r o l  0 - 1 5  6 . 8 0
1 5 - 3 0  5 - 8 2
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P r o p e r t i e s  o f  Eroded S e d im e n ts  i n  R e l a t i o n  t o  t h e  O r i g i n a l  

S o i l

P a r t i c l e  S i z e  D i s t r i b u t i o 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  d a t a  f o r  th e  o r i g i n a l  s o i l  

sam p le  and s e d im e n t s  c o l l e c t e d  from t h e  r a i n f a l l  e v e n t  o f  

S e p t .  3 a r e  g i v e n  i n  T a b le s  22 and 23-  The t e x t u r a l  

c l a s s i f i c a t i o n  f o r  a l l  p l o t s  a r e  s i m i l a r .  The upper 15 cm 

d e p t h  i s  s i l t  loam and t h e  lo w e r  1 5 - 30  cm d e p th  i s  c l a y  

loam.

The p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  s u r f a c e  0 -1 5  

s o i l  d ep th  f o r  e a c h  t r e a t e d  p l o t  i s  v e r y  s i m i l a r  t o  t h a t  o f  

t h e  eroded  s e d i m e n t s .  The s e d im e n t s  from v e r t i c a l  m u lch in g  

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

w h i l e  t h a t  from th e  n o - t i l l  c o n t r o l  p l o t  i s  loam. The 

d i f f e r e n c e  b e tw een  th e  s e d im e n t  from t h e  c o n t r o l  p l o t  and 

o t h e r  t r e a t m e n t s  i s  due to  a one p e r c e n t  d e c r e a s e  i n  s i l t  

c o n t e n t  ( ^ 9 % )  f o r  t h e  c o n t r o l  p l o t .  The e r o s i o n  r a t i o  

( T a b le  2̂ +) i n d i c a t e s  t h a t  s i l t  + c l a y  c o n t e n t  o f  t h e  eroded  

s o i l  from a l l  t r e a t m e n t s  were g e n e r a l l y  lo w e r  than  t h a t  o f  

t h e  o r i g i n a l  s o i l .  T h i s  might  be a t t r i b u t e d  t o  th e  v e r y  

h i g h  i n t e n s i t y  r a i n f a l l  o f  3 -9 ^  cm /hr ,  h i g h  k i n e t i c  e n e r g y  

o f  1 0 6 8  m e t r i c - t o n  m e ter s  h e c t a r e / c m ,  and r a i n f a l l  amount 

o f  ^3*81 mm which  d i s i n t e g r a t e d  s o i l  a g g r e g a t e s  and t r a n s 

p o r t e d  them r a p i d l y  o u t  o f  th e  f i e l d .  The eroded  s e d im e n t s



101

from a l l  t r e a t m e n t s  were however h i g h e r  i n  c o a r s e  + medium 

sand f r a c t i o n s  th a n  t h e  f i e l d  s o i l .  The p a r t i c l e  s i z e

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

d i f f e r e n t  b e tw een  t h e  d i f f e r e n t  t r e a t m e n t s .



Table 23. Mean particle size distribution for plots receiving the different soil
management treatments.

Treatm ent Depth
(cm)

Coarse  
+ medium 

sand

Very f i n e  
+ f i n e  

sand

Coarse  
+ medium 

s i l t
( 5 0 - 5 y )

F in e  
s i l t  

( 5_2y)

T o t a l
c l a y

( 2 — < . 2 y )
T e x t u r a l

c l a s s

V e r t i c a l  m u lch in g 0 - 1 5 9 - 9 1 6 . 3 8 . 1 2 1 . 1 S i l t  loam
( 9 1 -^ cm s p a c in g ) 1 5 -3 0 9 - 7 1 6 . 0 3 4 . 7 9 .6 2 9 . 9 C la y  loam

V e r t i c a l  m u lch in g 0 - 1 5 1 0 . 1 1 6 . 1 ^ 3 .5 9 . 2 2 1 . 0 S i l t  loam
( 1 8 2 . 9  cm s p a c in g ) 1 5 -3 0 9 . 0 1 5 .^ 3 2 . 1 9 -3 3 3 -6 C la y  loam

S l o t  t r e n c h i n g 0 -1 5 9 -9 1 6 . 5 ^ 3-7 1 0 . 1 1 9 . 8 S i l t  loam
( 9 1 .^ cm s p a c in g ) 1 5 -3 0 9 - 7 1 5 . 4 3 5 . 1 9 . 8 2 9 . 6 C la y  loam

S l o t  t r e n c h i n g 0 - 1 5 9 -9 1 6 . 6 4 3 . 6 8 . 9 2 0 . 9 S i l t  loam
( 1 8 2 . 9  cm s p a c in g ) 1 5 -3 0 1 0 . 0 1 5 . 6 3 ^ -5 9 . 5 3 0 . 3 C la y  loam

C o n t r o l 0 - 1 5 1 0 .3 1 6 . 5 *j4 . 0 9 .6 1 9 .6 S i l t  loam
( n o - t i l l a g e ) 1 5 -3 0 1 1 . 0 1 6 . 3 3 9 .6 1 0 . 8 2 2 . 3 C la y  loam
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Table 24. Characterization of eroded sediment from plots receiving the different
soil management treatments for the rainfall event of Sept. 3-

Treatm ent
C oarse  
+ medium 

sand

Very f i n e  
+ f i n e  

sand

Coarse  
+ medium 

s i l t
(50-5U)

F in e
s i l t

( 5 -2 u )

T o t a l
c l a y

( 2 - < . 2 y)
T e x t u r a l

c l a s s

V e r t i c a l  m u lch in g  
( 9 1 - 4  cm s p a c in g )

1 2 . 8 1 5 . 1 4 6 . 2 7 . 4 18.  5 S i l t  loam

V e r t i c a l  m u lc h in g  
( 1 8 2 . 9  cm s p a c in g )

1 3 . 0 16 . 7 4 3 . 7 7 .6 1 9 . 1 S i l t  loam

S l o t  t r e n c h i n g  
( 9 1 - 4  cm s p a c in g )

1 4 . 4 1 6 . 1 4 4 . 1 7 -5 1 7 . 9 S i l t  loam

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g )

1 3 . 1 1 7 . 2 4 3 - 5 7-7 1 8 . 5 S i l t  loam

C o n t r o l 1 3 . 4 1 7 . 1 4 2 . 5 6 . 5 2 0 . 5 Loam
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T a b le  2 5 . E r o s i o n  r a t i o  f o r  t h e  r a i n f a l l  e v e n t  o f  S e p t .  3-

T reatm ent  E r o s io n  R a t i o

(1 ) V e r t i c a l  m u lch in g  
( 9 1 * 4  cm s p a c in g )

0 . 9 1

(2) V e r t i c a l  m u lc h in g  
( 1 8 2 . 9  cm s p a c i n g )

0 . 9 7

( 3 ) S l o t  t r e n c h i n g  
( 9 1 - 4  cm s p a c in g )

0 . 8 2

(4 ) S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g )

0 .8 3

(5 ) C o n t r o l
( n o - t i l l a g e )

0 . 8 3

E r o s i o n  r a t i o  = o f  eroded s e d i m e n t s /

( S i l t  + c l a Y) o f  f i e l d  So i i .
sand
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C la y  M in e r a lo g y

C la y  m i n e r a l o g i c a l  a n a l y s i s  was made on s e d im e n t s  

from t h e  r a i n f a l l  e v e n t s  o f  S e p t .  3 and Nov. 2 1 .  S em i-  

q u a n t i t a t i v e  c l a y  m in e r a lo g y  d a ta  i s  p r e s e n t e d  in  T a b le  2 5 .

Q u a n t i t a t i v e  m in e r a lo g y  o f  th e  sa m p les  ( b o t h  s o i l  and 

se d im e n t )  i s  q u i t e  s i m i l a r .  T h is  would be e x p e c t e d .  

S ed im en t  sa m p le s  c o l l e c t e d  in  e a r l y  S eptem ber  a r e  a l s o  

q u a n t i t a t i v e l y  v e r y  s i m i l a r  i n  m in e r a lo g y  to  th e  s u r f a c e  

s o i l  s a m p le s .  S ed im en t  sam ples  c o l l e c t e d  i n  November are  

much l o w e r  i n  e x p a n d a b l e s ,  somewhat lo w e r  i n  v e r m i c u l i t e ,  

and somewhat h i g h e r  i n  mica and q u a r t z  th a n  t h e  c o r r e s p o n d 

i n g  s u r f a c e  s o i l  s a m p le s .  Perhaps l o w e r  r a i n f a l l  i n t e n s i t y  

f a i l e d  to  su s p e n d  a g g r e g a t e d  m a t e r i a l  which  would i n c l u d e  

th e  f i n e r  c l a y  m i n e r a l s .



Table 26. Clay mineralogy data.

Sample Kao U n i t e C la y  mica Expandables* V e r m i c u l i t e * * Quartz

Miamian 1
0 -1 5 XX XXX XX XXXX XX

1 5 - 3 0  cm XX XXX XXX XXXX X
S ed im ent  S e p t .  3 XX XXX XXX XXXX X
Sed im en t  Nov. 21 XX XXXX X XXX XX

Miamian 2
0 - 1 5  cm XX XXX XXX XXXX XX

1 5 - 3 0  cm XX XXX XX XXXX X
Sed im ent  S e p t .  3 XX XXX XXX x x x x X
S ed im en t  Nov. 21 XX XXXX XX xxx XX

C e l i n a
0 - 1 5  cm XX x x x x x x x x x x XX

1 5 - 3 0  cm XX xxx xxx x x x XX
Sed im ent  S e p t .  3 XX x x x XX xxx XX
S ed im en t  Nov. 21 XX XXXX X xxx

X = < 5$ ,  XX = 5 - 20$ , xxx  = 2 0 - 35$ , xxxx  = 3 5 -

01

. V

* Expandables  = i n t e r s t r a t i f i e d  s m e c t i t e / c l a y  mica a s 0 i n d i c a t e d  by 10-1^- A d i f f r a c 
t i o n  band i n  Mg-25 p a t t e r n s  which  expands t o  1^-16  A w i t h  g l y c o l a t i o n .

** Most v e r m i c u l i t e s  show minor e v i d e n c e  o f 0hydroxy-A1 i n t e r l a y e r i n g  as  i n d i c a t e d  by 
t h e i r  f a i l u r e  t o  t o t a l l y  c o l l a p s e  t o  10 A w i t h  K - s a t u r a t i o n  a t  room t e m p e r a tu r e .
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S o i l  N u t r i e n t  L o s s e s  i n  R unoff  and Sed im ent

S ed im en t  and r u n o f f  l o s s e s  o f  Ca, Mg, K, P, NH^-N and 

NO^-N a r e  p r e s e n t e d  i n  T a b le s  27 t o  3 6 . Amounts o f  n u t r i e n t  

l o s s e s  were g r e a t l y  i n f l u e n c e d  by r a i n f a l l  i n t e n s i t y  and 

amount.  T h i s  i s  e x p e c t e d  b e c a u s e  h ig h  r a i n f a l l  i n t e n s i t y  

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

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

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

o c cu r e d  on S e p t .  3 where t h e  r a i n f a l l  i n t e n s i t y  was 3 -9 ^  

cm/hr and r a i n f a l l  amount was ^ 3 .8 1  mm.

None o f  t h e  t r e a t m e n t  v a r i a b l e s  were c o n s i s t e n t  i n  

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

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

The mean s o l u b l e  Ca l o s s e s  i n  a l l  p l o t s  and a l l  s i x  

r a i n f a l l  e v e n t s  ranged  from 0 .0 8 8 2  t o  0 .2 4 6 ^  k g /h a  f o r  s l o t  

t r e n c h i n g  ( 9 1 *^ cm s p a c i n g )  and s l o t  t r e n c h i n g  ( 1 8 2 . 9  cm 

s p a c i n g ) ,  r e s p e c t i v e l y  (T ab le  3 3 ) -  With t h e  r a i n f a l l  e v e n t  

o f  Nov.  k  (T a b le  3 0 ) ,  s o l u b l e  c a l c iu m  l o s s e s  were s i g n i 

f i c a n t l y  l o w e r  i n  s l o t  t r e n c h i n g  ( 1 8 2 . 9  cm s p a c i n g )  than  

a l l  o t h e r  t r e a t m e n t s .  S o l u b l e  c a l c iu m  l o s s e s  from a l l  

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

t h e  d i f f e r e n t  t r e a t m e n t s  a t  t h e  5%  l e v e l .

S ed im en t  Ca l o s s e s  were h i g h e s t  f o r  v e r t i c a l  m u lch in g  

( 0 . 0 0 2 2  k g / h a )  f o r  t h e  r a i n f a l l  e v e n t  o f  S e p t .  3 . T h i s  

v a l u e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from l o s s e s  o b t a in e d
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from v e r t i c a l  m u lc h in g  ( 1 8 2 . 9  cm s p a c i n g ) ,  s l o t  t r e n c h i n g  

( 1 8 2 , 9  cm s p a c i n g )  and t h e  c o n t r o l  p l o t s .  The l o w e s t  

s e d im e n t  Ca l o s s e s  o f  .0 0 0 9  k g / h a  occu red  from s l o t  

t r e n c h i n g  ( 9 1 . 4  cm s p a c i n g )  p l o t s .  T h is  was n o t  s i g n i f i c a n t l y  

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

( 1 8 2 . 9  cm s p a c i n g ) ,  s l o t  t r e n c h i n g  ( 1 8 2 . 9  cm s p a c i n g )  and 

t h e  c o n t r o l  p l o t s .

Combined t o t a l  mean s o l u b l e  Mg l o s s e s  f o r  a l l  r a i n f a l l  

e v e n t s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e tw een  t h e  t r e a t 

m e n ts .  The r a i n f a l l  e v e n t s  o f  S e p t .  3 a^d N ov .  13 ranked  

t h e  t r e a t m e n t s  d i f f e r e n t l y  i n  t h e  m agnitude  o f  s o l u b l e  Mg 

l o s s e s .  With t h e  r a i n f a l l  e v e n t  o f  S e p t .  3> 0 .5 7 7 1  k g / h a  

o f  s o l u b l e  Mg was t h e  h i g h e s t  l o s s  o b t a in e d  and t h i s  was 

from t h e  s l o t  t r e n c h i n g  ( 1 8 2 . 9  cm s p a c i n g )  p l o t s  (T a b le  

2 7 ) .  On t h e  o t h e r  han d ,  t h e  h i g h e s t  s o l u b l e  Mg l o s s  from  

t h e  Nov.  13 r a i n f a l l  e v e n t  was from t h e  c o n t r o l  p l o t s  

w it h  a v a l u e  o f  0 . 0 1 7 0  k g / h a  (T a b le  3 l ) »  Mg l o s s e s  i n  

s e d im e n t s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  t h e  

d i f f e r e n t  t r e a t m e n t s .

Combined d a t a  f o r  s o l u b l e  K l o s s e s  f o r  a l l  s i x  

r a i n f a l l  e v e n t s  d i d  n o t  show any s i g n i f i c a n t  d i f f e r e n c e s  

betw een  t h e  t r e a t m e n t s .  S o l u b l e  K l o s s e s  ra n g ed  from 

0 . 0 2 9 3  "to 0 . 0 7 2 1  k g / h a  f o r  s l o t  t r e n c h i n g  a t  91*4  cm and

1 8 2 . 9  cm s p a c i n g  i n t e r v a l s ,  r e s p e c t i v e l y .  On an i n d i v i d u a l  

r a i n f a l l  b a s i s ,  t h e  r a i n f a l l  e v e n t s  o f  S e p t .  3 and Nov.  4
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showed d i f f e r e n t  t r e n d s  o f  s o l u b l e  K l o s s e s .  On S e p t .  3 ,  

t h e  most s o l u b l e  K l o s s  o f  0 .3 7 7 9  k g / h a  o c c u r ed  from th e  

s l o t  t r e n c h i n g  p l o t  ( 1 8 2 . 9  cm s p a c i n g ) .  These  l o s s e s  were  

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

c o n t r o l  p l o t s  ( O . I 9 6 5  k g / h a ) ,  and 0 .2 8 5 2  k g / h a  o b t a i n e d  

from v e r t i c a l  m u lch in g  p l o t s  ( 1 8 2 . 9  cm s p a c i n g ) .  With t h e  

r a i n f a l l  e v e n t  o f  Nov.  1 3 , s o l u b l e  K l o s s e s  were i n  t h e  

r a n g e  o f  0 .0 1 2 8  t o  O.OO65 k g / h a  f o r  c o n t r o l  and s l o t  

t r e n c h i n g  ( 9 1 - ^  cm s p a c i n g )  p l o t s  r e s p e c t i v e l y .  The s o l u b l e  

K l o s s e s  from t h e  c o n t r o l  p l o t s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from l o s s e s  o b t a in e d  from p l o t s  w i t h  b oth  

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

1 8 2 . 9  cm s p a c i n g  i n t e r v a l .  S ed im en t  K l o s s e s  were n o t  

s t a t i s t i c a l l y  d i f f e r e n t  among t h e  d i f f e r e n t  t r e a t m e n t  

f o r m s .

The d i f f e r e n t  t r e a t m e n t s  d i d  n o t  show d i f f e r e n c e s  

i n  t h e  amount o f  s o l u b l e  phosphorus  l o s t .  I n s t e a d ,  s o l u b l e  

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

l a r l y  r a i n f a l l  i n t e n s i t y  and amount. With t h e  r a i n f a l l  

e v e n t  o f  S e p t .  3 ( i n t e n s i t y  = 3*9^ cm /hr ,  KE = 1068 

m e t r i c  t o n -m e te r s '  ha/cm and amount = ^3»81 mm) s o l u b l e  P 

l o s s e s  ranged  from 0 . 0 0 7 2  t o  0 .0 0 2 8  k g /h a  w h i l e  t h e  

r a i n f a l l  o f  S e p t .  26 ( i n t e n s i t y  = 0 . 0 9  cm /hr ,  KE = 2 8 . 0 ,  

amount = I . 9 0  mm) t h e  s o l u b l e  P l o s s e s  were i n  t h e  o r d e r  

o f  0 .0 0 0 9  t o  0 .0 0 0 5  k g / h a .  Sed im en t  or  p a r t i c u l a t e  P 

l o s s e s  d i f f e r e d  among t h e  d i f f e r e n t  t r e a t m e n t s .  S l o t



110

t r e n c h i n g  t r e a t m e n t  ( 1 8 2 . 9  cm s p a c i n g )  showed t h e  

h i g h e s t  p a r t i c u l a t e  P l o s s e s  o f  0 .0 0 3 8  k g / h a  f o r  t h e  

comhined d a t a  f o r  t h e  s i x  r a i n f a l l  e v e n t s .  These  l o s s e s  

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

from v e r t i c a l  m u lch in g  p l o t s  w i t h  b oth  s p a c i n g  i n t e r v a l s .

The l e a s t  p a r t i c u l a t e  P l o s s e s  were from t h e  s l o t  t r e n c h 

i n g  (91.4- cm s p a c i n g )  t r e a t m e n t ,  ( 0 .0 0 1 5  k g / h a )  and t h i s  

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

from t h e  v e r t i c a l  m u lch in g  t r e a t m e n t s  and t h e  c o n t r o l  p l o t s .

Ammonium n i t r o g e n  l o s s e s  were h i g h e s t  from t h e  s l o t  

t r e n c h i n g  t r e a t m e n t  ( 1 8 2 . 9  cm s p a c i n g )  (26.84- k g / h a )  and 

t h e  l o w e s t  l o s s e s  were from t h e  c o n t r o l  p l o t s  ( 1 . 7 5  k g / h a ) .  

NO^-N l o s s e s  were f a i r l y  u n i form  f o r  a l l  t r e a t m e n t s  

w i t h  t h e  v a l u e s  r a n g i n g  from 7.4-8 t o  3*19 k g / h a .  T o t a l  

a m m o n ia c ia l  N a d d i t i o n  i n  t h e  6 r a i n f a l l  e v e n t s  were 0 . 1 5  

k g / h a  w h i l e  n i t r a t e  n i t r o g e n  a d d i t i o n  t o t a l l e d  0 . 3 2  k g / h a .

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

t o  show any c o n s i s t e n t  t r e n d  i n  t h e i r  e f f e c t s  on s o l u b l e  

and s e d im e n t  n u t r i e n t  l o s s e s  a t  t h e  s tu d y  s i t e .  With o n ly  t h e  

s e d im e n t s  o b t a i n e d  from t h e  r a i n f a l l  e v e n t  o f  S e p t .  3 

u s e d  i n  t h e  d e t e r m i n a t i o n  o f  Ca, Mg and K l o s s e s ,  i t  

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

t h e  amount o f  t h e s e  n u t r i e n t s  l o s t  from t h e  d i f f e r e n t  

t r e a t m e n t s .  S o l u b l e  P l o s s e s  were rem arkably  h i g h e r  

th a n  p a r t i c u l a t e  P l o s s e s  from t h e  s tu d y  s i t e .
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D e c o m p o s i t io n  and h y d r o l y s i s  o f  o r g a n ic  m a t t e r  th r o u g h o u t  th e  

s tu d y  p e r i o d  m ig h t  have  c o n t r i b u t e d  more o f  t h e  n u t r i e n t  

l o s s e s  th a n  from t h e  m i n e r a l  s o i l .  The combined l o s s e s  

o f  NH^-N and NO^-N f o r  i n d i v i d u a l  p l o t s  e x c e e d e d  t h e  

amounts o f  NH^-N and NO^-N c o n t r i b u t e d  by r a i n f a l l .



Table 2 7 . Total mean soluble Ca, Mg, K and P losses from plots with different
treatments for the rainfall event of Sept. 3*

Treatment
S o l u b l e  N u t r i e n t L o s s e s  (k g /h a )

Ca Mg K P

S l o t  t r e n c h i n g  
( 1 8 2 . 9  s p a c in g ) 1 .3 2 7 1  a O. 5 7 7 1  a O. 3 7 7 9  a 0.0004-9 a

C o n t r o l 0.74-51 a 0 . 3 5 3 5  abc 0 . 1 9 6 5  ab 0 .0 0 2 8  a

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c i n g ) 0 . 6 6 1 6  a O. 5 0 5 2  ab 0 . 2 8 2 5  ab 0 . 0 0 7 2  a

S l o t  t r e n c h i n g  
(91-4- cm s p a c in g ) 0 . 6 2 7 1  a O. 2 2 5 6  c 0 . 1 3 3 7  b 0.004-2 a

V e r t i c a l  m ulch ing  
(91*4- cm s p a c in g ) 0.54-86 a 0 . 2 8 0 3  be 0 .1 6 8 3  b 0.004-3 a

Means for a particular nutrient followed by the same letter are not significantly
different at level with DMRT.



Table 28.. Total mean soluble Ca, Mg, K and P losses from plots with different
treatments for the rainfall event of Sept. 26.

Treatm ent
S o l u b l e N u t r i e n t  L o s s e s ( k g /h a )

Ca Mg K P

V e r t i c a l  m u lch in g  
( 9 1 - 4  cm s p a c in g ) 0 . 0 1 2 7 a - O.OO69 a 0 .0 0 1 9  a . 0 . 0 0 0 6  a

V e r t i c a l  m ulch ing  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 1 2 2 a 0 . 0 0 6 6  a 0 .0 0 1 3  a 0 .0 0 0 9  a

S l o t  t r e n c h i n g  
( 9 1 - 4  cm s p a c in g ) 0 . 0 1 2 1 a 0 . 0 0 6 0  a 0 .0 0 1 5  a . 0 .0 0 0 9  a

C o n t r o l 0 . 0 1 1 5 a 0 . 0 0 5 4  a 0 .0 0 1 6  a 0 .0 0 0 6  a

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 0 9 0 a 0 .0 0 4 5  a 0 .0 0 1 6  a 0 .0 0 0 9  a ‘

Means for a particular nutrient followed by the same letter are not significantly
different at 5$ level with DMRT.



Table 2 9 . Total mean soluble Ca, Mg, K and P losses from plots with the different
treatments for the rainfall event of Oct. 10.

T reatm ent
S o l u b l e  N u t r i e n t L o s s e s  (k g /h a )

Ca Mg K P

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 2 2 3 a 0 .0 1 4 8  a 0 . 0 0 7 2  a 0 .0 0 2 4  a

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 2 0 3 a 0 .0 1 1 5  a 0 . 008 5. a 0 .0 0 0 8  a

V e r t i c a l  m ulch ing  
( 9 1 - 4  cm s p a c in g ) 0 .0 2 0 1 a 0 .0 1 3 3  a 0 . 0 0 5 2  a 0 .0 0 1 5  a

C o n t r o l 0 .0 1 6 6 a 0 .0 1 6 3  a 0 .0 0 6 0  a 0 .0 0 1 4  a
S l o t  t r e n c h i n g  
( 9 1 - 4  cm s p a c in g )

0 .0 1 5 5 a 0 . 0 1 3 2  a 0 .0 0 2 6  a 0 .0 0 2 1  a

Means for a particular nutrient followed by the same letter are not significantly
different at 5% level.



Table 30* Total mean soluble Ca, Mg, K and P losses from plots with the different
treatments for the rainfall event of Nov. 4.

Treatm ent
S o l u b l e  N u t r i e n t L o s s e s  (k g /h a )

Ca Mg K P

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 4 3 9  a 0 . 0 2 4 9  a 0 . 0 1 4 6  a 0 0 0 0 Ui a

V e r t i c a l  m u lch in g  
(91*^- cm s p a c i n g ) 0 . 0  433 a 0 . 0 2 3 3  a O.O156  a 0 .0 0 0 3 a

S l o t  t r e n c h i n g  
( 9 1 - ^  cm s p a c in g ) O.O42 9  a 0 . 0  214 a 0 . 0  i n  a 0 .0 0 0 8 a

C o n t r o l O. 0 3 6 7  a 0 . 0  203  a 0 . 0  168  a

tN-OOO•O

a

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c i n g ) 0 * ° 2 2 7 0 . 0 1 2 9  a 0 . 0 1 0 4  a 0 .0 0 0 9 a

Means for a particular nutrient followed by the same letter are not significantly
different at 5$ level with DMRT.



Table 31* Total mean soluble Ca, Mg, K and P losses from plots with different
treatments for the rainfall event of Nov. 13.

Treatment
S o l u b l e  N u t r i e n t L o s s e s  (k g /h a )

Ca Mg K P

C o n t r o l 0 .0306  a 0 .0172  a 0 .0 1 2 8  a 0.0004- a

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c i n g ) 0 .0266  . a 0 .0 1 2 6  ab 0 . 0079 ab 0 .0 0 0 3 a

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 2 3 7  a 0 . 0 1 2 7  ab 0.0104- ab 000

•

0

a

V e r t i c a l  m u lch in g  
( 9 1 -^ cm s p a c in g ) 0 .0 2 0 0  a 0 .0 1 1 7  ab 0 .0 1 2 0  ab 0 . 0 0 0 3 a

S l o t  t r e n c h i n g  
(91*4- cm s p a c in g ) 0 . 0 1 7 9  a 0 .0 0 8 8  b 0 .0 0 6 5  b 0 . 0 0 0 3 a

Means for a particular nutrient followed by the same letter are not significantly
different at 5$ level with DMRT.



Table 32. Total mean soluble Ca, Mg, K and P losses from plots with the different
treatments for the rainfall event of Nov. 21.

Treatm ent
S o l u b l e  N u t r i e n t L o s s e s  (k g /h a )

Ca Mg K p

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 8 3 7  a O.OW-l a 0 .0277  a 0 • O O a

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0778a 0 .0^35  a 0 . 0283a 0 . 0 0 2 0 a

S l o t  t r e n c h i n g  
( 9 1 - ^  cm s p a c in g ) 0 . 0567 a 0 . 02 58  a 0 . 0 20 6a 0 .0 0 1 6 a

V e r t i c a l  m u lch in g  
( 9 1 . ^  cm s p a c in g ) 0 . 0W 0 a 0 .0 3 2 1  a 0 .0 2 ^ 7 a 0 . 0 0 1 0 a

C o n t r o l 0 .0 3 9 8  a 0 . 02 53 a 0 . 0 l 0 8 a 0 . 0 0 1 3 a

Means for a particular nutrient followed by the same letter are not significantly
different at level with DMRT.



Table 33- Total mean soluble Ca, Mg, K and P losses for all treatments for the
six rainfall events.

Treatm ent
S o l u b l e  N u t r i e n t L o s s e s  ( k g /h a )

Ca Mg K P

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g ) 0 .2 4 6 4  a 0 . 1 1 1 0 a O.O7 2 1 . a 0 . 0 1 1 2 a

C o n t r o l 0 . 1 3 6 6  a 0 .0 7 3 0  a 0 .0 4 0 8  a 0 . 0 0 8 7 a

V e r t i c a l  m ulch ing  
( 1 8 2 . 9  cm s p a c in g ) 0 .1 3 2 0  a 0 . 0 8 2 0  a 0 . 0 5 8 0 . a

00D-OO•O

a

V e r t i c a l  m u lc h in g  
( 9 1 *^ cm s p a c in g ) 0 .1 1 4 8  a 0 . 0 6 1 2  a 0 .0 3 7 9  a 0 . 0 0 8 6 . a

S l o t  t r e n c h i n g  
( 9 1 -̂ - cm s p a c in g ) 0 .0 8 8 2  a 0 .0 4 8 8  a 0 . 0 2 9 3  a 0 . 0 1 3 0 a

Means for a particular nutrient followed by the same letter are not significantly
different at 5% level with DMRT.
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T a b le  3 4 .  T o t a l  N a d d i t i o n s  from r a i n f a l l  and N l o s s e s  i n  r u n o f f  from p l o t s  w i th  
t h e  d i f f e r e n t  t r e a t m e n t s  f o r  t h e  s i x  r a i n f a l l  e v e n t s  ( k g / h a ) .

Treatment
N L o s s e s R a i n f a l l  N a d d i t i o n s  

to  t h e  s i t e Net  N L o s s e s

NH^-N NO^-N NH^-N NO^-N NH^-N NO^-N

V e r t i c a l  m u lch in g  
( 9 1 . 4  cm s p a c i n g ; 9 . 6 6 3 . 9 9 0 . 1 5  0 . 3 2 9 . 5 1 2.67

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c in g ) 1 3 . 2 2 3 -1 9 1 3 .0 7 2 . 8 7

S l o t  t r e n c h i n g  
( 9 1 . 4  cm s p a c i n g ) 3 - 5 7 7 . 4 8 3 .4 2 7 . 1 6

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g ) 2 6 . 8 4 4 . 8 2 2 6 . 6 9 4 . 5 0

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



T a b le  35» Mean Ca, Mg and K l o s s e s  i n  s ed im en t  (k g /h a )  f o r  t h e  r a i n f a l l  
e v e n t  o f  S e p t .  3*

Treatment
Sedim ent N u t r i e n t  L o s s e s

Ca Mg K

V e r t i c a l  m ulch ing  
( 9 1 *^ cm s p a c in g ) 0 . 0 0 2 2 a 0 . 0 0 0 ^ a 0 . 0 0 0 1 a

V e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm s p a c i n g ) 0 . 0 0 1 5 ab 0 . 0 0 0 3 a 0 . 0 0 0 1 a

S l o t  t r e n c h i n g  
( 9 1 *^ cm s p a c in g ) 0 . 0 0 0 9 b 0 . 0 0 0 1 a 0 , 0 0 0  0. a

S l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c in g ) 0 . 0 0 1 6 ab 0 . 0 0 0 3 a 0 . 0 0 0 1 a

C o n t r o l 0 . 0 0 1 1 ab 0 . 0 0 0 2 a 0 .0 0 0  0 a

Means for the same nutrient followed by the same letter are not significantly
different at 5% level withDMRT.



Table 3 6 , Mean phosphorus losses in eroded sediment for the six rainfall events
(10“^ kg/ha).

R a i n f a l l  D ate
  T o t a l  P

Treatment  ^  9 / ,26 1 0 /1 0  11/4 11/13 1 1 /2 1  L o s s e s

V e r t i c a l  m ulch ing
(91*^ cm s p a c in g )  1 6 . 0 1  ab 0 . 0 4  a 0 . 0 7  a 0 .0 2  a 0 . 0 8  a 0 . 1 6  a 1 6 .2 2  ab

V e r t i c a l  m u lch in g
( 1 8 2 . 9  cm s p a c in g )  33*01 ab 0 , 0 7  a 0 . 1 0  a 0 . 0 3  a 0 . 0 7  a 0 . 2 8  a 3 3 . 5 6  ab 

S l o t  t r e n c h i n g
(91*^ cm s p a c in g )  1 4 . 9 5  b 0 . 0 4  a 0 . 0 7  a 0 .0 2  a 0 . 0 5  a 0 . 2 3  a 15*36 b

S l o t  t r e n c h i n g
( 1 8 2 . 9  cm s p a c in g )  3 8 . 2 3  a 0 . 0 3  a 0 . 0 9  a 0 . 0 4  a 0 . 0 7  a 0 . 2 4  a 3 8 .70  a

C o n t r o l  1 2 .9 7  b 0 . 0 2  a 0 . 0 8  a 0 .0 3  a 0 . 0 8  a 0 . 2 3  a 1 3 . 4 1  b

Means for the same date followed by a similar letter are not significantly different
at 3% level with DMRT.
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The R e l a t i o n s h i p  Betw een  S o i l  P h y s i c a l  and Chem ical  

P a r a m eters  and. S o i l  E r o d i b i l i t y

The r e l a t i o n s h i p  b e tw een  s o i l  e r o d i b i l i t y  and s o i l  

c h e m i c a l  and p h y s i c a l  p r o p e r t i e s  were e v a l u a t e d  by a s t e p 

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

d i c t o r s  were d e te r m in ed  from mean eroded  s e d im e n t  amounts  

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

The s o i l  param eters  and t h e i r  coded  terms used f o r  t h e  

a n a l y s i s  a r e  as f o l l o w s :

l / 3  a tm osphere  b u lk  d e n s i t y  (BD)

S a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  (COND)

%  s i l t  + %  f i n e  sand (SFS)

<fo c l a y  (CLY)

%  sand (SAND)

%  o r g a n ic  ca r b o n  c o n t e n t  (OC)

%  A1 sodium d i t h i o n i t e  c i t r a t e  e x t r a c t a b l e  (AL)

%  Fe sodium d i t h i o n i t e  c i t r a t e  e x t r a c t a b l e  (FE)

{ %  Fe  + %  A l )  x  fo c l a y  (FEALCLY)

( %  Fe + %  A l)  x  %  o r g a n i c  carb on  c o n t e n t  (FEALC)

%  o r g a n i c  carb on  x %  c l a y  (OCCLY)

V a lu e s  f o r  t h e  s o i l  c h e m i c a l  and p h y s i c a l  p aram eters  

r e p r e s e n t  t h e  0 - 1 5  cm d e p t h .  A l l  20 m i c r o p l o t s  i n  t h e  

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

m e te r s  i s  b a sed  on t h e  a s su m p t io n  t h a t  e r o d i b i l i t y  i s  

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

p r o p e r t i e s  and s o i l  b i n d i n g  a g e n t s .  Romkens e t  a l . ,  (1 9 7 7 )  

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

combined e f f e c t  o f  t h e  i n f i l t r a t i o n  c a p a c i t y  o f  a s o i l  and 

t h e  r e s i s t a n c e  t o  p a r t i c l e  detachment  and t r a n s p o r t  by r a i n 

f a l l  and r u n o f f .

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

s i g n i f i c a n t  e r o d i b i l i t y  p r e d i c t o r  was ^ F e w i t h  a m u l t i p l e
2c o e f f i c i e n t  o f  d e t e r m i n a t i o n ,  R =0 .^6  (T a b le  3 7 ) T h i s  was

s i g n i f i c a n t  a t  t h e  5^ l e v e l .  The second  b e s t  p r e d i c t o r  o f

e r o d i b i l i t y  was s o i l  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  w i t h
2

t h e  improvement o f  t h e  R to  0 .55*  The n e x t  b e s t
2

e r o d i b i l i t y  p r e d i c t o r s  and R improvement were i n  t h e
2

s e q u e n c e ,  b u lk  d e n s i t y  (R =0 . 6 3 )» %  o r g a n i c  carbon  c o n t e n t

(R2 = 0 . 6 8 ) ,  ( f o  F e  +  fo A l )  x %  c l a y  (R2 = 0 . 7 l ) ,  and %  o r g a n ic

ca rb o n  c o n t e n t  r e p l a c e d  by ‘fo o r g a n i c  carbon  c o n t e n t  x %  c l a y  
o

(R =0 . 7 2 ) .  The r e s t  o f  t h e  p a ra m eters  made i n s i g n i f 

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

m in a t i o n  (R ) a s  shown i n  T a b le  3 7 . The s i x  most  s i g n i f 

i c a n t  e r o d i b i l i t y  p r e d i c t o r s  o u t l i n e d  above  were combined  

i n t o  a r e g r e s s i o n  p r e d i c t i o n  model  and t h e n  p l o t t e d  t o  show

t h e  r e l a t i o n s h i p  b e tw ee n  p r e d i c t e d  and o b s e r v e d  e r o d i b i l i t y
2

( F i g u r e  13)* w i t h  R =0 . 7 3 . P r e d i c t e d  e r o d i b i l i t y  was a l s o
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p l o t t e d  a g a i n s t  r e s i d u a l  e r o d i b i l i t y  t o  t e s t  t h e  r e l i a b i l i t y  

o f  t h e  model  ( F i g u r e  1 4 ) .  S im p le  c o r r e l a t i o n  c o e f f i c i e n t  

a n a l y s i s  was a l s o  c a r r i e d  o u t  b e tw ee n  a l l  th e  e r o d i b i l i t y  

p r e d i c t i v e  s o i l  p r o p e r t i e s  ( T a b l e  3 9 ) .

The s t e p w i s e  m u l t i p l e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n
2

g i v e n  by a l l  t h e  s o i l  p r o p e r t i e s  examined was R = 0 . 7 7  •

T h i s  i n d i c a t e s  t h a t  t h e  p aram eters  t e s t e d  p ro b a b ly  a c c o u n t s  

f o r  about  7 7 %  e r o d i b i l i t y  a t  t h e  s t u d y  s i t e .  The f a i r l y  

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

model s u g g e s t s  t h a t  t h e  s i x  b e s t  i d e n t i f i e d  p a ra m eters  were  

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

The p l o t  i n  F i g u r e  13 s u g g e s t s  a f a i r l y  l i n e a r  r e l a t i o n s h i p  

b e tw e e n  p r e d i c t e d  and o b s e r v e d  e r o d i b i l i t y  (R = 0 . 7 3 ) .

The r e s u l t  i n  th is  p a r t  o f  t h e  s tu d y  s u g g e s t s  t h e  

im p o rta n ce  o f  sodium d i t h i o n i t e  c i t r a t e  e x t r a c t a b l e  Fe and 

A l ,  %> c l a y  and %> o r g a n i c  carbon  c o n t e n t  on s o i l  e r o d i b i l i t y  

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

p r o b a b ly  enhance  t h e  s o i l  m a tr ix  p o t e n t i a l ,  i n c r e a s e s  

a g g r e g a t e  s t a b i l i t y  and improve s o i l  s t r u c t u r e .  Sodium 

d i t h i o n i t e  c i t r a t e  e x t r a c t a b l e  Fe and A l  a r e  d e r i v e d  from  

t h e  h y d r a te d  and more c r y s t a l l i n e  o x i d e s .  T h e r e f o r e  t h e  

Fe and A l  v a l u e s  a p p ro x im a te  t h e  combined c o n t e n t s  o f  r e 

l a t i v e l y  amorphous Fe  and A l  o x i d e s  and more c r y s t a l l i n e  

o x i d e s  o f  t h e s e  e l e m e n t s .  A l t h o u g h  t h e  q u a n t i t i e s  o f  Fe 

c i t r a t e  d i t h i o n i t e  and A l  i n  t h e  s o i l  a t  t h e  s tu d y  s i t e  were
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low compared to  q u a n t i t i e s  i n  s o i l s  i n  humid t r o p i c a l  r e 

g i o n s ,  t h e s e  c o n s t i t u e n t s  t o g e t h e r  w i t h  o r g a n i c  carbon  and 

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

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

c o n s t i t u e n t s  g e n e r a l l y  have  a h i g h e r  s t a b i l i t y  and can  

w i t h s t a n d  a h i g h e r  im pact  and t r a n s p o r t  a c t i o n  o f  r a i n  

w a t e r .
2

The c o r r e l a t i o n  c o e f f i c i e n 1 £  ( r  ) betw een  t h e  d i f f e r e n t  

s o i l  e r o d i b i l i t y  p r e d i c t o r s  a r e  g i v e n  i n  T a b l e  3 9 .  The 

c o r r e l a t i o n  c o e f f i c i e n t  b e tw een  l / 3  a tm osphere  s o i l  b u lk

d e n s i t y  and t h e  f o l l o w i n g  s o i l  p a r a m e ter s  were a s  f o l l o w s :
2 2 

%  o r g a n i c  carbon  c o n t e n t  r  = 0 . 1 0 ,  %  A l  r  = 0 . 0 9 ,  s a t u r a t e d
2 . 2 h y d r a u l i c  c o n d u c t i v i t y  r  = - 0 . 1 3 , $  s i l t  + f i n e  sand r  = 0 .1 2

Very lowv i n s i g n i f i c a n t  c o r r e l a t i o n s ^  were o b s e r v e d  b etw een
2

%  Fe and %  o r g a n i c  ca rb o n  c o n t e n t  r  = 0 . 0 4 ,  $  A l  and
2

%  o r g a n i c  carbon  c o n t e n t  r  = 0 .0 0  and %  o r g a n i c  carb on  and
2

c l a y  c o n t e n t  r  = 0 . 1 4 .

The s i x  s o i l  c h e m i c a l  and p h y s i c a l  param eters  i d e n t i 

f i e d  as  im p o r ta n t  e r o d i b i l i t y  p r e d i c t o r s  can be c a t e g o r i z e d  

i n t o  two g r o u p s .  The f i r s t  group  c o m p r ise s  $  F e ,  %  A l ,

%  o r g a n i c  ca rb o n  c o n t e n t  and %  c l a y .  T h e se  c o n s t i t u t e  s o i l  

' b i n d i n g  a g e n t s ' w h i l e  b u lk  d e n s i t y  and s a t u r a t e d  h y d r a u l i c  

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

The r e l a t i o n s h i p  i n v o l v i n g  s o i l  t e x t u r a l  components  

and e r o d i b i l i t y  was n o t  a s  e f f e c t i v e  i n  p r e d i c t i n g
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e r o d i b i l i t y  a s  t h e  c o m b in a t io n  o f  s o i l  p e r m e a b i l i t y  i n 

d i c e s  and b i n d i n g  a g e n t s  a t  t h e  s tu d y  s i t e .  When Fe and 

A l components  were added t o  t h e  %  c l a y ,  an i n c r e a s e  i n  

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

o v e r  t h a t  o f  A l  or  c l a y  a l o n e .

The r e s u l t  o f  t h i s  s tu d y  i s  i n  p a r t i a l  agreem ent  

w it h  t h e  f i n d i n g s  o f  W ischmeier  e t  a l . , (1 9 7 1 )  i n  which  

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

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

s t r u c t u r e  and p e r m e a b i l i t y  and %  o r g a n ic  ca rb o n .  As shown 

i n  t h e  p r e s e n t  s t u d y ,  t h e  p ro d u cts  o f  t h e  s i z e  f r a c t i o n s  

and %  sand d i d  n o t  prove  t o  be e f f e c t i v e  e r o d i b i l i t y  

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

and %  o r g a n i c  carbon were e f f e c t i v e  p r e d i c t o r s  i n  b o th  

t h i s  s tu d y  and t h a t  o f  W ischm eier  e t  a l .  The p r e s e n t  

s t u d y  shows t h a t  s o i l  b i n d i n g  a g e n t s  a r e  im p o r ta n t  

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

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

and c r y s t a l l i n e  o x i d e s  and h y d r o x i d e s  o f  Fe and A l ,  

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

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

s tu d y  s i t e  was p r o b a b ly  due t o  t h e  a b i l i t y  o f  t h e  b i n d i n g  

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

s e c o n d a r y  p a r t i c l e s .  T h i s  phenomena im proves  s o i l  

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

s h o u ld  a l s o  he n o t e d  t h a t  t h e  c o m p le x i t y  and v a r i a b i l i t y  

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

d i f f e r e n t  s o i l s  t o  a c o m p e r a t i v e l y  f ew  b a s i c  s o i l  p a r a 

m e te r s  .
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P hosphorus S o r p t io n  I so th e r m s  and F e r t i l i t y  S t a t u s  o f  

R u n o ff  from C e l i n a  and Miamian S o i l s

The e q u i l i b r i u m  phosphorus c o n c e n t r a t i o n  (EPC) f o r  

b o th  Miamian and C e l i n a  s o i l s  were f a i r l y  h ig h  w i t h  v a lu e s  

o f  0 .6 8  p g  P /m l and 0 .8 0  pg  P /m l f o r  Miamian and C e l in a  

s o i l s  r e s p e c t i v e l y .  T h is  i s  shown in  F ig u r e  12 . The EPC 

p r o v id e s  a p r e d i c t i v e  e s t i m a t i o n  o f  s o r p t i o n  o r  r e l e a s e  o f  

P s h o u ld  t h e  P c o n c e n t r a t i o n  i n  s o l u t i o n  ch an ge.

F a c t o r s  known t o  a f f e c t  P s o r p t i o n  in  s o i l  a r e  shown

in  T a b le  3 6 .  The c o r r e l a t i o n  b etw een  o r g a n ic  C c o n t e n t

and amount o f  P a d so r b e d  by s o i l s  has b een  shown t o  r e l a t e

to  A1 and Fe a d so r b e d  by th e  o r g a n ic  c o l l o i d s .  Ca and Mg

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

o f  e x c h a n g e a b le  c a t i o n s  o f  h ig h  v a le n c y  and low  h y d r a t io n

e n e r g y  on th e  c l a y  s u r f a c e s  i s  known t o  s u p p r e s s  th e

d i f f u s e  l a y e r  p o t e n t i a l .  T h is  en h an ces  P a d s o r p t io n

b e c a u s e  o f  t h e  h ig h e r  e f f e c t i v e  c o n c e n t r a t i o n  o f  P a t  t h e s e
2 + 2 +s i t e s .  Miamian s o i l  was r e l a t i v e l y  h ig h e r  m  Ca and Mg 

( 1 1 . 7 6  and 3*99 C m o l(+ )* k g  ^ , r e s p e c t i v e l y )  compared to  

C e l i n a  w i t h  Ca^+ ( 1 0 .9  C m ol(+) .k g - '*') and Mg^+

( 2 . 7 1  C m o l(+ )* k g  1 ) . Amorphous o x id e s  and hydrous o x id e s  

o f  Fe and A1 a r e  a l s o  known to  r e a c t  w ith  P r e n d e r in g  i t  

r e l a t i v e l y  i n s o l u b l e .  Miamian s o i l  a t  t h e  s tu d y  s i t e  was 

r e l a t i v e l y  h ig h e r  th a n  C e l in a  in  Fe c o n t e n t ,  2 . 0 6 %  as
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op p osed  to  1 . 76% f o r  th e  l a t t e r .  A1 c o n t e n t s  in  "both 

s o i l s  were s i m i l a r  (T a b le  ’3 6 ) .

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

known t o  i n f l u e n c e  P a v a i l a b i l i t y  i n  s o i l  s o l u t i o n  in  

Miamian s o i l  i n d i c a t e s  t h a t  t h e r e  i s  a te n d e n c y  f o r  t h e s e  

com ponents to  r e a c t  w ith  P a t  a r a t e  h ig h e r  th a n  would  

o c c u r  on C e l i n a .

On Miamian s o i l ,  t h e r e  would be a n e t  a d s o r p t io n  o f  P 

on s o i l  s u r f a c e  when EPC e x c e e d s  0 .6 8  y g / m l .  In  c o n t r a s t ,  

t h e  P c o n c e n t r a t i o n  must exceed  0 .8 0  y g /m l  in  C e l in a  b e f o r e  

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

T h ese  r e s u l t s  show t h a t  r u n o f f  from C e l in a  sh o u ld  

be more f e r t i l e  i n  P th a n  r u n o f f  from M iam ian. A lso  

C e l in a  may r e l e a s e  g r e a t e r  amount o f  P t h a t  would r e s u l t  

i n  h ig h e r  p o t e n t i a l  f o r  e u t r o p h ic a t i o n  o f  s trea m s  th a n  

would o c c u r  from Miamian. C e l i n a  s o i l s  w i l l  a l s o  have a 

h ig h e r  P c o n c e n t r a t i o n  i n  t h e  s o i l  sy ste m  a v a i l a b l e  f o r  

p la n t  u s e  th a n  would Miamian s o i l .
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F ig u r e  1 2 . E q u i l i b r a t i o n  s t u d i e s  o f  Miamian and C e l in a  
s o i l s  w i t h  s o l u t i o n s  o f  v a r y in g  ph osp h oru s  
c o n c e n t r a t i o n s  w i th  EPC shown f o r  e a c h  s o i l .



T a b le  3 6 .  Mean v a lu e s  o f  s u r f a c e  s o i l  com ponents known to  i n f l u e n c e  t h e
r e t e n t i o n  and r e l e a s e  o f  p h o sp h a tes  i n  C e l in a  and Miamian s o i l s .

S o i l pH (H20) %
O rganic  C

Ca
C m ol(+ ) kg ^

Mg
C m ol(+ ) kg ^

1—1

*
Fe

Miamian 6  . k 1 . 8 6 1 1 . 7 6 3 -9 9 2 . 0 6 0 . 2 3

C e l i n a 5 .8 1 .7 0 1 0 .1 9 2 . 7 1 I .7 6 0 . 2 0

i-*



SUMMARY AND CONCLUSIONS

T h is  s tu d y  was d e s ig n e d  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  

o f  ' v e r t i c a l  m u lc h in g '  and ' s l o t  t r e n c h i n g '  p r o f i l e  m o d i f i 

c a t i o n  (PM) t e c h n iq u e s  on th e  r e d u c t i o n  o f  r u n o f f  and 

sed im en t l o s s e s  from m ic r o - e r o s io n  p l o t s .  N u t r ie n t  l o s s e s  

in  r u n o f f  and se d im e n t  from 6 r a i n f a l l  e v e n t s  o b ta in e d  

from  p l o t s  w i t h  th e  d i f f e r e n t  management sy s te m s  w ere a l s o  

exam ined. P h o sp h a te  s o r p t i o n  i so th e r m s  f o r  Miamian s i l t y  

c l a y  loam and C e l in a  s i l t  loam a t  th e  s t u d y  s i t e  w ere com

pared and r e l a t e d  t o  P f e r t i l i t y  o f  s u r f a c e  r u n o f f  from  

t h e s e  two s o i l .  O ther  o b j e c t i v e s  o f  t h i s  s tu d y  were t h e  

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

c o u ld  be u sed  to  c l a s s i f y  r a i n f a l l  on th e  b a s i s  o f  e r o s io n  

p r o d u c in g  c a p a c i t y .  The r e l a t i o n s h i p  b etw een  s o i l  c h e m ic a l  

and p h y s i c a l  p a ra m eters  and s o i l  e r o d i b i l i t y  were a l s o  

e v a lu a te d  in  an  a t te m p t  to  i d e n t i f y  th e  most im p o r ta n t  s o i l  

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

The most im p o rta n t  r a i n f a l l  c h a r a c t e r i s t i c  i d e n t i f i e d  

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

c a p a c i t y  a t  th e  s i t e  was the i n t e r a c t i o n  o f  t o t a l  en e r g y  

and maximum 3 0 -m in u te  i n t e n s i t y  d e s ig n a t e d  E r o s io n  In d e x .  

S t e p w is e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  showed t h a t  6 3 %  o f  

eroded se d im e n t  c o u ld  be e x p la in e d  by th e  El a l o n e .

132
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R a i n f a l l  d u r a t io n  was shown t o  he th e  l e a s t  c o n t r ib u t o r y  

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

' V e r t i c a l  m u lc h in g '  and ' s l o t  t r e n c h i n g '  p r o f i l e  

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

r e d u c t io n  i n  a l l  r a i n f a l l  e v e n t s  exam ined . The n a rro w er  

s l o t  s p a c in g  o f  9 1 . ^ cm was more e f f e c t i v e  i n  r e d u c in g  

r u n o f f  l o s s e s  than  th e  w id e r  s p a c in g  o f  1 8 2 .9  cm when 

t h e r e  was enough w a te r  t o  c r e a t e  th e  p o t e n t i a l  f o r  r u n o f f  

l o s s e s .  With th e  r a i n f a l l  e v e n t  o f  S e p t .  3 t h a t  c r e a t e d  

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

t r e n c h in g  and v e r t i c a l  m u lch in g  a t  9 1 .^  cm s p a c in g  

red u ced  r u n o f f  volum e by 40%  and 35%» r e s p e c t i v e l y ,  when 

compared w ith  s i m i l a r  t r e a tm e n t s  a t  1 8 2 .9  cm s p a c in g .

S l o t  t r e n c h in g  and v e r t i c a l  m u lc h in g  t r e a tm e n t s  a t  9 1 .^  

cm s p a c in g  a l s o  r e d u c e d  r u n o f f  volum e by 15 and 17%, 

r e s p e c t i v e l y ,  when compared w ith  t h e  c o n t r o l .

P r o f i l e  m o d i f i c a t i o n  d id  n o t  show s u p e r io r  e f f e c t 

i v e n e s s  i n  se d im e n t  r e d u c t i o n  o v e r  th e  c o n t r o l  p l o t s .

There were no d i f f e r e n c e s  among t h e  p r o f i l e  m o d i f i c a t i o n  

t r e a tm e n ts  i n  s e d im e n t  r e d u c t i o n  and no s l o t  s p a c in g  

was found t o  be s u p e r io r  i n  s e d im e n t  r e d u c t i o n .

Y i e l d  im provem ent from p r o f i l e  m o d i f i c a t i o n  was n o t  

o b s e r v e d .  T h is  was a c c o u n te d  f o r  by th e  u n s e a s o n a b ly  dry  

p e r io d  d u r in g  th e  f i e l d  a s p e c t  o f  t h i s  s t u d y .  R a i n f a l l  

t o t a l  d u r in g  th e  5 m onths o f  so y b e a n  grow th was o n ly
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1 8 .95  cm. This  was below th e  average  v a lu e  f o r  th a t  

t ime o f  the  y e a r  i n  C e n tr a l  Ohio.

S o i l  m o is tu r e  c o n t e n t s  a t  0-45  cm depths i n  a l l  

t r e a tm e n ts  were found to  be s i m i l a r .  This  was a l s o  

a t t r i b u t e d  t o  the  low r a i n f a l l  amounts and uneven d i s t r i 

b u t i o n ,  which e l im in a t e d  th e  p o t e n t i a l  e f f e c t i v e n e s s  

o f  p r o f i l e  m o d i f i c a t i o n  i n  s o i l  m o is tu re  s t o r a g e .  Soybean  

y i e l d  was more c l o s e l y  r e l a t e d  t o  s o i l  m o is tu re  c o n ten t  

i n  th e  0-45  cm depth than 0-15 or 0 -30  cm d e p th s .

C e l in a  s o i l  had a h ig h e r  e q u i l ib r iu m  phosphorus  

c o n c e n t r a t i o n  (EPC), ( 0 .8 0  u g / m l ) ,  than  d id  Miamian o f  

( 0 .6 8  u g /m l ) .  T h ese  r e s u l t s  showed t h a t  r u n o f f  from  

C e l in a  would be h ig h e r  i n  P than  would r u n o f f  from M iamian. 

C e l in a  w i l l  a l s o  g e n e r a l l y  have a h ig h e r  P c o n c e n t r a t io n  

i n  th e  s o i l  sy s te m  a v a i l a b l e  f o r  p l a n t  u s e  than  Miamian. 

U n a v a i l a b i l i t y  t o  p l a n t s  o f  a p p l i e d  P f e r t i l i z e r  w i l l  

o c c u r  f i r s t  i n  Miamian s i n c e  P s o r p t i o n  o c c u r s  a t  a 

lo w e r  EPC r a n g e ,  compared t o  C e l in a  s o i l .

S o lu b le  P l o s s e s  i n  s u r f a c e  r u n o f f  from a l l  t r e a tm e n ts  

w ere h ig h e r  th a n  s e d im e n t  a d so r b e d  P. T o t a l  Ca, Mg and  

K l o s s e s  f o r  th e  s i x  r a i n f a l l  e v e n t s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  among t r e a t m e n t s .

S e d im e n ts  o b t a in e d  from S e p t .  3 had lo w e r  s i l t  + c la y  

c o n t e n t s  th a n  th e  f i e l d  s o i l .  The eroded  s e d im e n ts  were  

h i g h e r  i n  c o a r s e  + medium sand f r a c t i o n s  th a n  th e  f i e l d
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s o i l .  The m in e r a lo g y  o f  eroded  s e d im e n ts  o f  h ig h  i n t e n s i t y  

r a i n f a l l  w ere i d e n t i c a l  t o  t h a t  o f  th e  f i e l d  s o i l .  S ed im en ts  

from lo w  i n t e n s i t y  r a i n f a l l  were much lo w e r  i n  i n t e r s t r a t i 

f i e d  s m e c t i t e / c l a y  m ic a ,  somewhat lo w e r  i n  v e r m i c u l i t e  

and somewhat h i g h e r  i n  q u a r t z .

S o i l  e r o d i b i l i t y  p r e d i c t o r s  f o r  th e  s tu d y  s i t e  

were found  t o  c o n s t i t u t e  'b in d in g  a g e n t s '  which in c lu d e d  

sodium  d i t h i o n i t e  c i t r a t e  e x t r a c t a b l e  Fe and A l ,  %  c l a y  

and %  o r g a n ic  c a r b o n . O ther im p o r ta n t  e r o d i b i l i t y  p r e d i c 

t o r s  found w ere 1 /3  a tm osphere  s o i l  b u lk  d e n s i t y  and  

s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y .  S o i l  t e x t u r a l  com ponents  

were n o t  im p o r ta n t  e r o d i b i l i t y  p r e d i c t o r s  a t  th e  s i t e .

Of t h e s e  e r o d i b i l i t y  p r e d i c t o r s ,  %  Fe (amorphous + c r y 

s t a l l i n e  o x id e s  and h y d r o x id e s )  was th e  m ost im p o r ta n t  

e r o d i b i l i t y  p r e d i c t o r  f o r  th e  s tu d y  s i t e .  The r o l e  o f  

t h e  'b in d in g  a g e n t s '  was p r o b a b ly  due t o  t h e i r  a b i l i t y  

t o  h o ld  t o g e t h e r  p rim ary  s o i l  p a r t i c l e s  i n t o  s e c o n d a r y  

p a r t i c l e s  and th u s  r e d u c e  th e  s u s c e p t i b i l i t y  o f  s o i l  

a g g r e g a t e  d i s i n t e g r a t i o n  by r a in d r o p  im p a ct  and t r a n s p o r t  

a c t i o n  o f  w a t e r .
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T ab le 3 7 . S te p w is e  m u l t i p l e  r e g r e s s i o n  c o r r e l a t i o n  o f  s o i l  p h y s i c a l  and chemical  
parameters and s o i l  e r o d i b i l i t y  a t  the  s tudy  s i t e .
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Table 37 (continued)

S T A T I S T j r A L  A N A L Y S I S  S Y s  T r  M 

MAXI * * I H R — ?.r«i IA i : «- l H P p n v r M r NT F ' l P  p F p r n n r n f  v A » I A ( ‘ | r  r - M: o

STEP * VARIABLE DC FNTFRFD

REGRESSION
— -----

n r OU/‘r»* =

OF
4

-  H
R VALIIF

INTERCEPTBOCOND
fT

-T4.4946?o<>2-23o.64Pnop3p20.49230334

.f .tmi 07 
SUM n r  s o m a p f s  

2*>n?6.7n7op;»3n
w s k n m t i

f. TO FUROR
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Tatle . 37(continued)

IKE ABOVE MODEL IS THE REST
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Table 37 (continued)
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Table 37 (continued)
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Table 37 (continued)
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Table 37 (continued)
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Table 3 7 (continued)
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Table  38 .  S t a t i s t i c a l  a n a l y s i s  o f  s o i l  p h y s i c a l  and chem ica l  parameters used in  
th e  s o i l  e r o d i b i l i t y  c o r r e l a t i o n .
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Table 39* L inear  c o r r e l a t i o n  c o e f f i c i e n t s  among s o i l  p h y s i c a l  and chemical
parameters in  th e  p r e d i c t i o n  o f  s o i l  e r o d i b i l i t y  a t  t h e  study s i t e .
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Table . 39(continued)
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T a b le  ^-0. L in e a r  r e g r e s s i o n  a n a l y s i s  f o r  th e  s i x  most im p o r ta n t
e r o d i b i l i t y  p r e d i c t o r s  a g a i n s t  amounts o f  e ro ded  s e d im e n ts  from  th e  
20 m ic r o p lo t s .
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2 m2l̂ 00( no

T FOR H 0 1 . . .  
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Table 1+0 (continued)

DfPEPOENT VARIABLE: fiROO 
WSIRVATTON OBSEftVFDVALUF

. 10.130000(K!_

f . f N ^ R A L  t I N 1: AP Mf>pr(.».  P R p f P m i R F

P R F D I C T F p
VALUF

RES I D UA L

3 • ? AOPOOPO

SUM OF RFS!  DUALS
SQUAPEP RESIDUAL!

nimiiN-MATsm n

_M..05»27?0P._______.-?0,?PV27?0B _
■ J I . W P J P 1 1 4

-  rRRflR 
ION

ss

P A  . ( > A C ? n  1 1 A

- p  . o r  1'iinr on  
l l b f r O . ^ : i ! M i ' r P .  

- P  .on n p n n n r i  
-O .11 >10 747? 2 .I2<*»7*«.n
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F ig u r e  I k .  P lo t  o f  r e s id u a l  erode v s .  p r e d ic te d  erod e.
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T a b le  4 1 .  S t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  o f  r a i n f a l l
c h a r a c t e r i s t i c s  and s o i l  l o s s  from t h e  c o n t r o l  p l o t s .

STEP 1 var I a p i . f r r  FMTrRrn

REGRESSION 
RROR

5 T ATI*: T I C A I. A N A L Y S I S  5 Y S T F H
H A n w iH  p - s q u a t t  iH p rn v r '" -n T  Fn° d p p f n o f n t  v a r t a r l f  po.no

o soi iAKr  = 7>.’ C I P )  = .

ERROR
Trmttr

o f

TRITPRCEPT - 
FI

R VALUF

tr. 10*73076 n.pRppno'.s

SUM nr r QUAPFS
I l . T s m i P i s  

fc.P1 SRR756  IP. *6 fi?n6 7P---
STD PRRDR 

0 . 3 7 6 9 9 7 R I

MEAN SQUARE

1 1 .7 5 0 3 1R15 
1.70397189

TYPE I I  SS 

1 1 . 7 5 0 3 1 8 1 5

F
6 .90

F
6 .9 0

STEP 2

-PETT— 1—V»RTrprP-NnOFL--FnUNO.

VARIABLE INT ENTERED o SQUAPF

REgRgSSION  

H i m -------------

jŵeacgPT .

n VALUF
-f*.Rfc525I1? 
- 5 .  1 1 6 6 2 7 6 0  i.3?f-----5606017

P . ri?ct. 17 07

SUM OP SOUARFS

1 7 . 1 6 7 0 1 7 6 5  
1 .6 0 3 7 R R 7 5  

“  t P . * 6 6 7 0 5 7 0

s i n  frror

1 . 5 0  35 1 20 0  
O . 72 3 0 7 1 5R

r . iP i  = .

NFAN SOUARF

8 . 5 8 1 6 5 8 7 3
0.66776275

TYPF I I  SS

5 . 6 1 2 5 9 9 3 1
10.07685136

F
1 8 .3 5

Will

PROB>F

0 .0 5 8 6

PROB>F

0 . 0 5 8 6

PROS7F
0 . 0 2 0 8

PROB>F

0.0.?:8tIt
THE AROVE MOOEL I S  THE BF ST 2 VAR 1 A RLE HOuFL FOUND.

STEP 3  VARIABLF DIP FNTERED__________________ R 5CUARF

OF

ESSION 3REG RE• fro mym r 
TOTAL

INTERCEPT
OUR
INT

' F T ----------------

0.060836Tfc 
SUM nF SOUARFS

1 7 . 6 6  7 7 3 1 7 5  
"  1 . 0 9  06 7 3 9 6  ir.56530570

C( P I  =

- I

R VALUE
0 6 8 5 7 3 0 2  
2726R 25B  

6 . 0 5  6 66561  '';*71,**P67

STn cpunn
0 .  3 6 6 0  3267  
2 . 0 6  088O7R t.P',P04765

MEAN SQUARE

5 . 8 2 2 5 7 7 2 5
 ............O v 8 6 9 7 7 6 9 f l

TYPP I I  SS

O . 3 0 6 R 1629  
6 . 7 6 0 6 1 1 3 8  
7 .  *>'>76 on 6 7

F

1 0 . 6 0

0 . 5 5
8 . 6 3

1 6 . 6 2

PROB>F
0.0BT6

PROB>F

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

- 0 . 0 6 7 ’T

THf A3I1VP MIIOPL 15 Tlir or""! 3 V I P I ARi r  M'lUM ff llKjn ,
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Table ^1. (continued).

• t * r i r- t i r a l i  n » l v w  s  s y s t e m

MAXIMUM R-SOUAPr  IMPPPVFMFNT FUR OrPFHOFNT VARIABLF FRAO

STFP * VARIABLE AHI FfM r r ( n

PrGRSSSION
“ ■fin-ERROR

n r n t

r <-.ou»rf =
rn» of r. ouarfs

1 7 . A9 29 poo?
1.07 32767P 1 p.r.f,F7nF7n

Cl  P I  =

JNTFRCCPTOUR
INT

-Hi-----

p  v a l i i f

2.A?F197r9 -0. 66SSPP3A 
- P . 70707037  

7 .  7P 390672  ■'T>;'»in'nrpp

r T 0  F RP OR

1 .  2 ? " 9 7 9 7 A  
3 . 0 A 7 6 P 9 I  1 
1 , 6 3 f . 9 6 5 5 A  
7 .T R 003707

MFAN SQUARE

A.373772AR 
I .07327579

T Y P E  I I  SS

0 . 1 2 e 0766fl 
A.A51[*-> 1A9 
7 . A? 1 A0R"0 o.n’ciopin

F

<►.07

0 . 1 2  
A. 15  
6 . 9 1  
n . n 2

THE ABOVF MOpCl t S  THE BEST A VAR IABLE W1PFL FOUND.

STEP 5 VARIABLE KF ENTERED R SOUARF = l . O O f 0 0 0 0 0

________  OF SUM OF SGUAPFS

C I P I  =

RFGRE SSION
FRRORTnTAL

INTERCEPT-mm--------IMTnrri
ANT

B VALUF 

37.3AA77P07
m - W r P A N  -

-A.rr69on?A
- 1 1 , A P 7 7 r l o 73.77ny,7rnA

IP.3PN J7P76

i n .  66620670  
P . o o o o n o o o

1 ' ’ . * 6 6 2 0 6 7 0  

S T O  ERROR

MFAN SOUARF

3 . 7 1 3 2 A 1  1A 
n . o o o o o o o n

TYPE I I  SS

I . 1 9 7 P P I 7 2  
A . 5 P 2 S 7 P A 6  I.077276 79 
7 . 3 7 6 9 6 0 6 1  
1 . n q 6 9 5 6 P R

9 9 9 9 9 9 .9 9

9 9 9 9 9 9 .9 9
9 0 9 9 9 9 .9 9
9 9 9 9 9 9 .9 9
9 9 9 0 9 9 .9 9
9 9 9 9 9 9 . 9 9

PROB>F

0.3537

PROB>F

0.7B990.29060.23130.9037

PROB>F

0 .0 0 0 1

PR06>F

0.0001"
0 . 0 0 0 1o.oooi
0.00010.0001

THE A80VF MODE I, IS THE BEST 5  VARIABLE MOtiEL FfHiNO.
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T a b le  42 P e r c e n t  s l o p e  v a l u e s  f o r  i n d i v i d u a l  m i c r o p l o t s .

Treatm ent  R e p l i c a t e  ( %  s l o p e ) .
1 2 2, 4 Mean

V. m u lch in g  ( 9 1 . 4  cm 8 . 0 1 0 . 0 8 . 5 1 . 8 7 . 1
s p a c i n g )

V. m u lch in g  (1 8 2 .9 cm 8 . 0 9 . 0 7- 5 4 . 8 7 . 3
s p a c i n g )

S l o t  t r e n c h i n g  ( 9 1 - 4  cm 9 . 0 9 . 5 7- 5 4 . 8 7 . 7
s p a c i n g )

S l o t  t r e n c h i n g  1 8 2 .9  cm 9 . 0 7 . 5 6 . 5 3 . 9 6 . 7
s p a c i n g )

C o n t r o l 9 . 0 7 . 0 8 . 0 4 . 5 7 . 1



T a b le  4 3 .  S t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  f o r  t h e  c o r r e l a t i o n
o f  soybean  y i e l d  w i th  s o i l  m o i s t u r e  c o n t e n t  i n  0-15cm ( H I ) ,  
0 -3 0  cm (H2) ,  and 0 -45  cm (H3) d e p t h s .

STEP 1 VARIABLE H3 ENTERED 

5SESSION

m

INTStCEPTH3

MAXIMUM r -SQUARE IMPROVEMENT for 
R SQUARE -  0 .5 3 1 3 0 4 2 5  

OF SUN Of SQUARES

t i  i t ! ! i § * f f o i i f s §
B  VALUE STD ERROR

OEPENDENT VARIABLE YIELD 
C IP I a  6 .0 2 6 2 8 7 6 2

MEAN SQUARE ' F PROB>F

3 i3 1 2 :ft& tta    *0*40 . .  °*°«”
TYPE I I  SS F PROB>F

3 9 2 9 1 0 .4 1 0 4 4 6 5 0  2 0 .4 0  O.OOOS
"IH fiT C V E  MODEL IS  THE BEST 1 VARIABLE MODEL FOUNO.
STEP 2 VARIABLE HI ENTERED R SQUARE -  0 .5 8 4 3 6 7 9 2

— ■ • ■ DP SUM OF SQUARES
ESSICM

C IP t » 6 .2 3 2 2 5 5 2 3
MEAN SQUARE

INTERCEPT
HJ

B VALUE

' M  m

STD ERROR 

82n - M n w 1

4ia 
TYPE I I  SS

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

F
1 1 .9 6

F

21:11
STEP 2 MS REPLACED BY H2 R SQUARE b 0 .6 0 8 6 6 0 0 3 CIPI 3 .0 5 6 9 2 8 2 1

PfNtSPF
0.0086

PR083F

8:S§oi

- O F SUM O f  SQUARES MEAN SQUARE F PRfl8>f§ 
i

Vt 
1 

Ms
is if . .

4 5 0 1 1 6 .60156563

83S 2:8ftttK
22 3 0 3 8 .3 0 0 7 8 2 8 3

17023 .76167261
1 3 .2 2 0 .0 0 0 3

B VALUE STD ERROR TVPE I I  SS F PR08PE
J|TERCEPT

-1 1 2 .2 0 5 3 8 1 0 6
2 5 .5 5  249745 
22 .16845131

147197 .33146663
4 3612 6 .2 1 4 8 0 0 4 3

8 .6 3
2 3 .6 2 §:8So!

THE ABOVE MODEL IS  THE BEST 2 VARIABLE MODEL FOUND.



Table ^3 (continued).

MAXIMUM R—SQUARE IHPROVEMBIT FOR DEPENOENT VARIABLE YIELD
H3 BlTERED R SQUARE * 0 .6 7 1 6 6 9 6 9 C 1PI * 6 .0 0 0 0 0 0 0 0

OF SUM OF SQUARES MEAN SOUARE F PROB>F

| ^ SS10M
TOTAL l l

6 9 6 5 6 5 .6 8  325766 1 0 .9 0 0 .0 0 0 6

B VALUE STD ERROR TYPE I I  SS F PRO»>F
INTERCEPT
HI
M2
H3

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

-6 7 .7 6 7 9 8 5 3 8  
- 6 7 .2 0  102659

2 5 .3 9 1 8 0 6 8 5

IhUWSR
8 8 5 7 7 .6 6 6 2 7 0 6 1
6 6 2 6 5 .6 9 0 9 9 8 6 7
6 6 6 6 8 .8 8 1 6 9 1 7 8

5 .8 3
6 .2 3
3 .0 6

0 .0 2 8 1

8 :8 1 1 6 s

17 9
T



T a b le  4 4 .  L in e a r  c o r r e l a t i o n  c o e f f i c i e n t s  o f  soybean  y i e l d  and s o i l  
m o is t u r e  c o n t e n t  a t  d e p t h s  o f  0 -1 5  cm (Hl)»  0 - 3 0  cm (H2) 
and 0-4-5 cm (H3)«

CORRELATION COEFFICIENTS /  PR06 > |R | UNDER H0:RH0*0 /  N •  20
TRT REP YIELD Hi H2 H3

TRT _ ...
l a !8888 ° i? 8 8 8 8 °8.l ! I I 8 ■ ° d !U R

REP 0 .0 0 0 0 0  
I . 0000

1 .00000
0 .0 0 0 0

0.63676
0 .0 0 2 4

-0 .2 7 3 2 4
0 .2438

-0 .8 3 8 1 6
0 .0 0 0 1

-0 .5 6 5 1 3
0 .0 0 9 4

VIELO 0 .2 3 3 8 ?
0 .3 2 1 0

0 .6 3 8 7 6
0 .0 0 2 4

1.00000
0 .0 0 0 0

0 .1 3 7 5 4
0 .5631

-0 .6 4 0 0 1
0 .0 0 2 4

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

HI 0 .1 4 7 1 0
0 .5 3 6 0

-0 .2 7 3 2 4
0 .2 4 3 8

0 .13754
0 .5631

1 .0 0 0 0 0
0 .0 0 0 0

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

0 .1 2 5 4 3
0 .5983

H2
1? - W t ■ • w a n ° 8 i i ? i ? *6?8888 ° 6 lS 8 8 t

H3 0 .04172
0*6614

-0 .5 6 5 1 3
0 .0 0 9 4

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

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

0 .7 4 8 0 4
0*0001

1 .00000
0 .0 0 0 0
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F igure  15. P lo t  o f  p r e d ic te d  soybean y i e l d  a g a in s t  observed y i e l d  
based on th e  r e l a t io n s h ip  between y i e l d  and m oistu re  
co n ten t  a t  0-^5 cm depth .
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PLOT OF FYIEtOPPYlELO LEGENDS A « 1 OBS, B •  2 OBS, ETC.
RVIFLD 
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100
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A A
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F ig u r e  16 .  p l o t  o f  r e s i d u a l  soybean  y i e l d  a g a i n s t  p r e d i c t e d  y i e l d .
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Table 4-5. Soil Chemical and Physical Characteristics of the study site.

C hemical  p a ra m eters Depth
(cm)

Mean v a l u e s  f o r  each t r e a tm e n t
V e r t i c a l M ulch ine S l o t  t r e n c h i n g C o n tro l

91.4- cm 
s p a c in g

1 8 2 .9  cm 
s p a c in g

91.4- cm 
s p a c in g

1 8 2 .9  cm 
s p a c in g

pH ( h 2 o ) 0 - 1 5 6 . 2 6 . 1 6 . 3 6 .2 6 . 2

(CaCl2 )
1 5 -30 6 . 0 6 . 0 5 - 8 6 . 0 6 . 1pH 0 - 1 5 6 . 3 6 . 3 6.4- 6.4- 6 . 3
1 5 -30 6 . 1 6 . 0 5 . 8 6 . 0 6 .2

O rganic  C \ % ) 0 - 1 5 1 .9 7 1 .8 5 1 .8 1 1 .7 9 1 .6 3
1 5 -3 0 1 . 0 1 .2 0 1 .0 6 0 .9 7 1 . 2 9

T o t a l  P (%) 0 - 1 5 0 .0 9 0 .0 9 0 .0 9 0 .0 8 0 .0 8
1 5 -30 0 .0 7 0 .0 8 0 .0 8 0 . 0 7 0 .0 7

A v a i l a b l e  PGug/g) 0 -15 9 1 . 0 2 1 0 5 .0 5 9 8 . 2 6 78.4-0 99-4-8
1 5-30 2 6 . 5 0 3 9 . 6 6 31.4-3 2 6 .0 1 5 5 . 1 3E x c h . Ca 0 - 1 5 1 1 .7 9 12.4-1 1 1 .9 1 10.4-6 1 0 . 2 9

(c  m o l ( + ) . k g _ i ) 1 5 -3 0 1 2 . 6 0 1 1 .6 1 11.24- 1 0 .9 1 9 . 8 1
Exch.  Mg 1 0 - 1 5 3 . 8 6 3 . 5 7 3 . 7 5 3 . 7 0 3-4-7

( c m o l t + j . k g  ) 1 5 -3 0 5 . 3 5 4-. 4-2 4-.32 4-.73 3 . 5 0
Exch K 1 0 - 1 5 0 .3 7 0.4-4- 0 .3 8 0 . 3 3 0 . 2 8

( c m o l ( + ) . k g  ) 1 5 -3 0 0 .3 ^ 0 . 2 7 0 .2 6 0 . 2 8 0 . 2 5
CEC ( c m o l ( + ) . k g - i ) 0 - 1 5 13 089 1 3 .5 5 1 3 .7 1 1 3 .7 0 1 3 .5 6

Fe (* )
1 5 -3 0 15.64- 1 6 .3 0 15.4-7 1 5 .8 5 1 3 .0 3
0 -1 5 2 . 0 3 2 . 0 0 1 .8 1 2 . 0 5 1 . 9 0

A1 { % )
1 5-30 2 . 5 9 2 . 5 3 2 . 6 3 2.74- 2 . 1 3
0 - 1 5 0 .2 2 0 . 2 3 0 .2 2 0 .2 2 0 . 2 0
1 5 -30 0 . 3 0 0 . 2 9 0 .2 8 0 . 2 8  1 0 . 2 5

H1
O n
0 0



Table 45 (continued)

P h y s i c a l
p a ra m eters

Depth
(cm)

Mean v a l u e s  f o r  each t r e a t m e n t
V e r t i c a l  m ulch ing S l o t  t r e n c h i n g C o n tr o l
9 1 . 4  cm 
s p a c i n g

1 8 2 .9  cm 
s p a c i n g

9 1 . 4  cm 
s p a c i n g

1 8 2 .9  cm 
s p a c i n g

1 / 3  atm bu lk  „ 
d e n s i t y  (Mg irT-'O 0 - 1 5 1 .5 0 1 . 5 0 1 . 6 0 1 .5 0 1 .5 0

1 5 -3 0 1 .5 1 1 . 5 0 1 .5 0 1 .5 2 1 .5 1

A e r a t i o n  p o r o s i t y 0 -1 5 1 3 .7 8 1 3 .2 5 1 2 .2 8 1 1 . 1 9 1 2 .8 9
{ % ) 1 5 -3 0 1 4 .4 3 1 2 .6 7 1 4 .2 6 1 2 .8 2 1 3 . 0 1

S a t .  H y d r a u l i c
c o n d .(cm  h r ~ l ) 0 - 8 1 .3 3 1 . 4 0 2 . 1 0 2 . 2 6 1 . 2 6

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



T a b le  ^-6. C o e f f i c i e n t s  f o r  t h e  p a r t i t i o n i n g  o f  t h e  sum o f  sq u a re  among t h e  f o u r  
t r e a t m e n t s  i n t o  f o u r  in d ep en d en t  ( o r t h o g o n a l )  c o m p a r iso n s .

Treatm ents
Comparison No

t r e a t m e n t
( C o n t r o l )

V e r t i c a l  
m u lch in g  
( 9 1 .^cm)

V e r t i c a l
m u lch in g
(182 .9cm )

S l o t  
t r e n c h i n g  
( 9 1 - ^  cm)

S l o t  
t r e n c h i n g  
( 1 8 2 . 9  cm)

1 .  R esp o n se  t o  p r o f i l e  
m o d i f i c a t i o n  ( n o 
t i l l a g e  c o n t r o l  v s .  
t r e a t m e n t s ) +4 - 1 - 1 - 1 - 1

2 .  V e r t i c a l  m u lch in g  
v s .  s l o t  t r e n c h i n g 0 +1 +1 - 1 - 1

3 .  V e r t i c a l  m u lch in g  
( 9 1 - ^  cm) v s .  
v e r t i c a l  m u lch in g  
( 1 8 2 . 9  cm) 0 - 1 +1 0 0

4 .  S l o t  t r e n c h i n g  
( 9 1 - ^  cm) v s .  
s l o t  t r e n c h i n g  
( 1 8 2 . 9  cm) 0 0 0 +1 -1

170
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Table 4 7 . Orthogonal comparisons of runoff volume (ml)
from plots with the different treatments for
rainfall event of September 3» 1982.

Treatm ent  Com parison Mean sq u a re F v a l u e

(1 )  N o - t i l l a g e s  c o n t r o l  v s .  
t r e a t m e n t s

(2 )  V e r t i c a l  m u lc h in g  ( 9 1 ^  + 
1 8 2 . 9  cm s p a c i n g s )  v s .  s l o t  
t r e n c h i n g  (91*^  + 1 8 2 . 9  cm 
s p a c i n g s )

(3 )  V e r t i c a l  m u lc h in g  a t  91 
cm s p a c i n g  v s .  v e r t i c a l  
m u lc h in g  a t  1 8 2 . 9  cm 
s p a c i n g

(4 )  S l o t  t r e n c h i n g  a t  91*^ cm 
s p a c i n g  v s .  s l o t  t r e n c h i n g  
a t  1 8 2 . 9  cm s p a c i n g

6891380 .0

4 9 0 0 0 0 .0

1 .1 3 1 0 0 8 x 1 0 8

8

0 . 3 0  ns

0 . 0 2  ns

5 . 00*

1 .5 9 6 6 8 4 5 x 1 0  7 . 07*

* = s i g n i f i c a n t l y  d i f f e r e n t  a t  5$ l e v e l ;
T a b u la te d  F v a l u e  w i t h  12 d e g r e e s  o f  freedom  ( e r r o r )  
and 1 d e g r e e  o f  freedom  ( t r e a t m e n t )  = 4 .7 5 *
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Table 48. Orthogonal comparisons of runoff volume (ml)
from the plots with the different treatments
for rainfall event of September 26, 1982.

Treatm ent  Comparison Mean Square  F V alue

(1 )  C o n t r o l  v s .  t r e a t m e n t s

( 2 )  V e r t i c a l  m u lch in g  ( 9 1 - 4  cm 
+ 1 8 2 . 9  cm s p a c i n g s )  v s .  
s l o t  t r e n c h i n g  (9 1 * 4  cm +
1 8 2 . 9  cm s p a c i n g )

( 3 )  V e r t i c a l  m u lc h in g  a t
9 1 . 4  cm s p a c i n g  v s .  
v e r t i c a l  m u lc h in g  a t
1 8 2 . 9  cm s p a c i n g

( 4 )  S l o t  t r e n c h i n g  a t  91*4 cm 
s p a c i n g  v s .  s l o t  t r e n c h i n g  
a t  1 8 2 . 9  cm s p a c i n g

1 2 3 4 0 2 .0 5

6 9 7 2 . 2 5

114242

4 4 6 5 1 2 . 5

O. 5 1  ns

0 . 0 3  ns

0 . 4 7  ns

1 . 8 5  ns

ns = n o t  s i g n i f i c a n t  a t  5 %  l e v e l .
T a b u la t e d  F w i t h  12 d f  e r r o r  and 1 d f  t r e a t m e n t  = 4 .7 5 *



Table 49. Orthogonal comparisons of runoff volume (ml)
from the plots with the different treatments
for rainfall event of October 10, 1982.

T re a tm en t  Comparison Mean Square F V alue

(1 )  C o n t r o l  v s .  t r e a t m e n t s 6 7 7 1 . 2 0 . 0 1  ns

(2 )  V e r t i c a l  m u lc h in g  ( 9 1 . 4  cm 
+ 1 8 2 . 9  cm s p a c i n g s )  v s .  
s l o t  t r e n c h i n g  9 1 - 4  cm + 
1 8 2 . 9  cm s p a c i n g s ) 5 8 6 5 7 5 .1 3 1 . 3 7  ns

( 3 )  V e r t i c a l  m u lc h in g  a t  
9 1 . 4  cm v s .  v e r t i c a l  
m u lc h in g  a t  1 8 2 . 9  cm 
spac  i n g 3 0 6 2 8 . 1 2 0 . 0 7  ns

(4 )  S l o t  t r e n c h i n g  a t  9 1 . 4  cm 
s p a c i n g  v s .  s l o t  t r e n c h i n g  
a t  1 8 2 . 9  cm s p a c i n g 2 5 3 8 2 8 .1 3 O. 5 9  ns

ns  = n o t  s i g n i f i c a n t  a t  5 %  l e v e l .  
T a b u la te d  F v a l u e  w i t h  12 d f  e r r o r and 1 d f  t r e a t m e n t = 4 . 7 j
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Table 50* Orthogonal comparisons of runoff volume (ml)
from plots with the different treatments for
rainfall event of November 4, 1982.

T r e a tm e n t  Comparison Mean Square F V a lu e

( 1 )  C o n t r o l  v s .  t r e a t m e n t s 6845 0 . 0 7  ns

( 2 )  V e r t i c a l  m u lc h in g  ( 9 1 - ^  cm 
s p a c i n g  + 1 8 2 . 9  cm s p a c in g )  
v s .  s l o t  t r e n c h i n g  ( 9 1 *  ̂ cm 
s p a c i n g  + 1 8 2 . 9  cm s p a c i n g 1 0 8 1 6 0 0 I O . 5 6 *

( 3 )  V e r t i c a l  m u lch in g  a t  91*^ 
cm s p a c i n g  v s .  v e r t i c a l  
m u lc h in g  a t  1 8 2 . 9  cm 
s p a c i n g 7 4 1 1 2 .5 O. 7 5  ns

(4 )  S l o t  t r e n c h i n g  a t  91*^ cm 
s p a c i n g  v s .  s l o t  t r e n c h i n g  
a t  1 8 2 . 9  cm s p a c i n g 2 1 4 5 1 2 .5 2 . 0 9

* = S i g n i f i c a n t l y  d i f f e r e n t  a t  5 %  
T a b u la t e d  F 12 d f  e r r o r  and 1 d f

l e v e l ;  
t r e a t m e n t  = 4 .7 5 *
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Table 51* Orthogonal comparisons of runoff volume (ml)
from plots with the different treatments for
rainfall event of November 13 > 1982.

Treatm ent  Comparison Mean Square F V a lu e

(1 )  C o n t r o l  v s .  t r e a t m e n t s  37845

( 2 )  V e r t i c a l  m u lc h in g  ( 9 1 - 4  cm 
+ 1 8 2 . 9  cm s p a c i n g s )  v s .  
s l o t  t r e n c h i n g  (9 1 * 4  cm +
1 8 2 . 9  cm s p a c i n g s )  I 3 6 9 OO

(3 )  V e r t i c a l  m u lc h in g  a t
9 1 . 4  cm v s .  v e r t i c a l  
m u lc h in g  a t  1 8 2 . 9  cm
s p a c i n g s  4 5 6 0 1 2 . 5

(4 )  S l o t  t r e n c h i n g  a t  9 1 - 4  cm 
s p a c i n g  v s .  s l o t  t r e n c h i n g
a t  1 8 2 . 9  cm s p a c i n g  4 6 5 1 2 . 5

0 . 1 7  n s

O. 6 3  ns

2 . 1 1  ns

0 . 2 1  ns

ns = not significant at level.
T a b u la te d  F w i t h  12 d f  e r r o r  and 1 d f  t r e a t m e n t  = 4 , 7 5  a_t 
5%  a lp h a  l e v e l .
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Table 52. Orthogonal comparisons of runoff volume (ml)
from plots with the different treatments for
rainfall event of November 21, 1982.

Treatm en t  Comparison  Mean Square  F Value

(1 )  C o n t r o l  v s .  t r e a t m e n t s  4 9 4 0 7 9 . 6 1  0 . 0 8  n s

(2 )  V e r t i c a l  m u lc h in g  ( 9 1 . 4  cm 
+ 1 8 2 . 9  cm s p a c i n g s )  v s .  
s l o t  t r e n c h i n g ( 9 1 . 4  cm +
1 8 2 . 9  cm s p a c i n g s )

(3 )  V e r t i c a l  m u lc h in g  a t
9 1 . 4  cm v s .  v e r t i c a l  
m u lch in g  a t  1 8 2 . 9  cm 
s p a c i n g s

(4 )  S l o t  t r e n c h i n g  a t  9 1 . 4  cm 
v s .  s l o t  t r e n c h i n g  a t
1 8 2 . 9  cm s p a c i n g s

4 9 4 5 6 0 . 5 6

2702812 .5

5 9 3 5 0 5 .1 3

0 . 0 8  ns

0 . 4 3  ns  

0 . 0 9  n s

n s  = n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  5$ l e v e l .
T a b u la te d  F w i t h  12 d f  e r r o r  and 1 d f  t r e a t m e n t  = 4 . 7 5  
a t  5% l e v e l .
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Table 53. Orthogonal comparisons of sediment losses (g)
from microplots with the different treatments
for the rainfall event of September 3» 1982.

Comparison Mean Square F V a lu e

(1 )  C o n t r o l  v s .  t r e a t m e n t s  2 6 0 5 8 . 0 6

(2 )  V e r t i c a l  m u lc h in g  v s .
s l o t  t r e n c h i n g  6 7 0 5 1 .2 2

(3 )  V e r t i c a l  m u lc h in g  ( 9 1 . ^  cm 
s p a c i n g )  v s .  v e r t i c a l
m u lc h in g  ( 1 8 2 . 9  cm s p a c i n g )  5 1 2 .9 6

(U) S l o t  t r e n c h i n g  ( 9 1 . ^  cm
s p a c i n g )  v s .  s l o t  t r e n c h i n g
1 8 2 . 9  s p a c i n g  6 8 6 2 2 .1 6

1 . 0 3  ns

2 . 6 5  ns  

0 . 0 2  n s  

2 . 7 1  ns

ns = not significantly different at 5$ level.
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Table 5^« Orthogonal comparisons of sediment losses (g)
from plots with the different treatments for
the rainfall event of September 26, 1982.

Comparison Mean Square F V a lu e

(1 )  C o n t r o l  v s .  t r e a t m e n t s 0 .1 9 0 1 6 .62*

(2 )  V e r t i c a l  m u lc h in g  v s .
s l o t  t r e n c h i n g o.oo*j-9 0 . 1 7  ns

( 3 )  V e r t i c a l  m u lc h in g  (9 1 * 4  cm
s p a c i n g )  v s .  v e r t i c a l
m u lc h in g  ( 1 8 2 . 9  cm s p a c in g ) 0 .  0*1-96 1 . 7 3  ns

(4 )  S l o t  t r e n c h i n g  ( 9 1 . 4  cm
s p a c i n g )  v s .  s l o t  t r e n c h i n g
1 8 2 . 9  cm s p a c i n g 0 .0 1 3 6 0 . 4 7  n s

* = S i g n i f i c a n t l y  d i f f e r e n t  a t  5 p e r c e n t  l e v e l ;  
n s = Not s i g n i f i c a n t l y  d i f f e r e n t  a t  5 p e r c e n t  l e v e l .
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Table 55- Orthogonal comparisons of sediment losses (g)
from plots with the different treatments for
the rainfall event of October 10, 1982.

Comparison Mean Square F V a lu e

(1 ) C o n t r o l  v s .  t r e a t m e n t s 0 . 0 0 5 8 0 . 0 1  ns

(2 ) V e r t i c a l  m u lc h in g  v s .  
s l o t  t r e n c h i n g 0 .0 0 0 2 0 . 0 0  n s

(3 ) V e r t i c a l  m u lc h in g  (91*^ cm 
s p a c i n g )  v s .  v e r t i c a l  
m u lc h in g  ( 1 8 2 . 9  cm s p a c i n g ) 0 . 0 3 2 5 0 . 0 5  ns

W S l o t  t r e n c h i n g  ( 9 1 - ^  cm 
s p a c i n g )  v s .  s l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c i n g ) 0 .1 1 2 8 0 . 1 9  ns

ns  = Not s i g n i f i c a n t l y  d i f f e r e n t  a t  5% l e v e l ;
T a b u la t e d  F a t  12 d f  ( e r r o r )  and 1 d f  ( t r e a t m e n t )  = 4 .7 5 *
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Table 5 6 . Orthogonal comparisons of sediment losses (g)
from microplots with the differents for the
rainfall event of November 3> 1982.

Comparison Mean Square F V a lu e

(1 )  C o n t r o l  v s .  t r e a t m e n t s

(2 )  V e r t i c a l  m u lc h in g  v s .  
s l o t  t r e n c h i n g

(3 )  V e r t i c a l  m u lc h in g  ( 9 1 - ^  cm 
s p a c i n g )  v s .  v e r t i c a l  
m u lc h in g  ( 1 8 2 . 9  cm s p a c in g )

(^) S l o t  t r e n c h i n g  ( 9 1 - ^  cm
s p a c i n g )  v s .  s l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c i n g )

0 .0 0 2 8

0 .0 2 9 7

0 . 0 2 2 0  

0 . 0 6 6 6

0 . 0 5  n s  

O. 5 7  ns

0 .^ 2  ns

1 . 2 8  ns

ns = Not significantly different at the 5 percent level.
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Table 57• Orthogonal comparisons of sediment losses (g)
from plots with the different treatments for
the rainfall event of November 13» 1982.

Comparison Mean Square F V a lu e

(1 ) C o n t r o l  v s .  t r e a t m e n t s 1 .3 6 7 6 1 . 2 2  ns

(2 ) V e r t i c a l  m u lc h in g  v s .  
s l o t  t r e n c h i n g 0 . 0 3 2 ^ 0 .0 3  ns

(3 ) V e r t i c a l  m u lc h in g  (91*^  cm 
s p a c i n g )  v s .  v e r t i c a l  
m u lc h in g  ( 1 8 2 . 9  cm s p a c i n g ) 0 .1 7 1 1 O. 1 5  ns

W S l o t  t r e n c h i n g  ( 9 1 - ^  cm 
s p a c i n g )  v s .  s l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c i n g ) 0 .2 0 1 6 0 . 1 8  ns

ns  = Not s i g n i f i c a n t l y  d i f f e r e n t  a t  5 %  l e v e l ;
T a b u la t e d  F a t  12 d f  ( e r r o r )  and 1 d f  ( t r e a t m e n t )  = ^ .75*



Table 58. Orthogonal comparisons of sediment losses (g)
from plots with the different treatments for
the rainfall event of November 21, 1982.

Comparison Mean Square F Value

( 1 ) C o n t r o l  v s .  t r e a t m e n t s 1 . 0 7 1 8 0 . 2 3  n s

( 2 ) V e r t i c a l  m u lc h in g  v s .  
S l o t  t r e n c h i n g o . 0 0 5 6 0 . 0 0  ns

(3 ) V e r t i c a l  m u lc h in g  ( 9 1 * ^  cm 
s p a c i n g )  v s .  v e r t i c a l  
m u lc h in g  ( 1 8 2 . 9  cm s p a c i n g ) 1 3 .7 5 2 9 3 . 0 2  ns

(*0 S l o t  t r e n c h i n g  (91*^  cm 
s p a c i n g )  v s .  s l o t  t r e n c h i n g  
( 1 8 2 . 9  cm s p a c i n g ) 3 . 0 2 5 8 0 . 6 6  ns

n s  = Not s i g n i f i c a n t l y  d i f f e r e n t  
T a b u la t e d  F a t  12 d f  ( e r r o r )  and

a t  l e v e l ;
1 d f  ( t r e a t m e n t ) = 4 . 7 5 -



T a b le  59- Mean v o l u m e t r i c  s o i l  m o is t u r e  c o n t e n t  ( f o )  a t  v a r y i n g  d e p th s  and d i f f e r e n t  
t im e  i n t e r v a l s  d u r in g  t h e  s t u d y  p e r i o d .

S a m pl in g  D a te s

Treatm ent  Depth  S e p t .  10 S e p t .  19 S e p t .  29 O ct .  11 Nov. 8
(cm)

( l )  V e r t i c a l  m u lch in g  
(91*^ cm s p a c in g )

(2 )  V e r t i c a l  m ulch ing  
( 1 8 2 . 9  cm s p a c in g )

(3 )  S l o t  t r e n c h i n g  
( 9 1 .  4 cm spac  ing )

( 4 )  S l o t  t r e n c h i n g
( 1 8 2 . 9  cm sp a c in g )

(5 )  C o n t r o l

0 - 1 5
1 5 -3 0
3 0 - 4 5

1 9 . 2 0
2 5 . 4 0
2 4 . 7 0

0 - 1 5
1 5 -3 0
3 0 - 4 5

2 0 . 6 0
2 6 . 7 0
2 7 . 7 0

0 - 1 5
1 5 -3 0
3 0 - 4 5

2 1 .4 2
2 3 . 5 1
2 4 . 7 9

0 - 1 5
1 5 -3 0
3 0 - 4 5

1 9 .2 7
2 3 . 3 1
2 4 . 6 4

0 - 1 5
1 5 -3 0
3 0 - 4 5

2 0 . 7 6
2 5 .^ 9
2 5 . 1 9

1 6 . 50 
2 3 . 3 0  
2 5 .OO

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

1 8 . 4 0
2 5 .OO
2 4 . 1 0

2 8 .0 3
2 5 . 7 0
2 3 . 6 0

1 7 .5 3
2 2 . 7 6
2 5 . 2 5

2 8 . 1 1
2 2 . 9 4
2 2 .4 6

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

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

1 8 .1 3
2 2 . 8 0
2 3 . 8 3

2 6 . 5 6  
2 2 .6 6  
2 4 . 4 8

2 7 . 6 0
2 7 . 7 8
2 7 . 9 0

2 6 . 5 4
2 8 . 8 7
2 5 . 8 6

2 9 . 0 0
2 7 .0 6
2 8 .6 2

2 8 . 1 5
2 8 . 9 1
2 7 . 4 1

2 9 .8 2
2 8 . 0 5
2 6 . 2 9

28.  02 
2 6 . 2 1  
2 6 . 2 7

2 9 . 0 1
2 9 . 1 9
2 7 . 3 5

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

2 8 . 2 8
2 8 .6 2
2 7 . 4 3

2 8 . 9 8  
2 6 . 96  
2 5 .7 7
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