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P r e f a c e  

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

U n i v e r s i t y  o f  Hohenheim and i n  the c o u n t r y  Baden-Wiirttemberg. 

Within 14 s e s s i o n s  o f  a l l t o g e t h e r  68 l e c t u r e s  problems o f  s o i l  

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

m a t e  z o n e s  o f  the world a r e  p r e s e n t e d .  The  a i m e s  of  s o i l  t i l l a g e  

a r e  n o t  o n l y  t o  o p t i m i z e  the growing f a c t o r s  f o r  the development  

o f  p l a n t s ,  b u t  a l s o  t o  improve  o t h e r  c u l t u r a l  measures  such  a s  

f e r t i l i z a t i o n  and p l a n t  p r o t e c t i o n  a s  w e l l  a s  t o  a v o i d  damages 

o f  the s o i l .  

The  a imes  o f  the c o n f e r e n c e  a r e :  

a )  t o  set up p r i o r i t i e s  f o r  a f u t u r e  s o i l  t i l l a g e  r e s e a r c h  i n  

d i f f e r e n t  p a r t s  o f  the world .  T h e s e  p r i o r i t i e s  w i l l  be worked 

o n  s c i e n t i f i c a l l y  u n t i l  the f o l l o w i n g  c o n f e r e n c e .  

b )  t o  c o n c e n t r a t e  o n  p o i n t s  o f  emphas i s  f o r  a con forming  t o  the 

aini s o i l  t i l l a g e  depend ing  on c l i m a t e ,  s o i l  and the s p e c i e s  

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

c l  t o  d e v e l o p  new p r o c e d u r e s  o f  the techn ica l -mechan ica l  soil- 

t i l l a g e  i n  c o n s i d e r a t i o n  o f  the i n t e r a c t i o n  be tween  the a i m e s  

o f  s o i l  t i l l a g e  and the k i n d  and amount of f e r t i l i z e r s ,  the 

p l a n t  p r o t e c k i o n  measures  and the c r o p  r o t a t i o n .  

d )  t o  i n t e g r a t e  chemica l  and b i o l o g i c a l  measures  i n  c u l t i v a t i o n  

s y s t e m s  i n  o r d e r  t o  f a c i l i t a t e ,  t o  improve ,  t o  a c c e l e r a t e  and 

t o  l o w e r  the c o s t s  o f  t e c h n i c a l  -mechanical s o i l  t i l l a g e .  

The  p r i n t  o f  the p r o c e e d i n g s  and the arrangement  o f  the c o n f e r e n c e  

h a s  been k i n d l y  s u p p o r t e d  b y  the U n i v e r s i t a t s b u n d  Hohenheim e.V., 

the Deu t sche  Forschungsgemeinscha f t ,  the D e u t s c h e r  Akademischer  

A u s t a u s c h d i e n s t  and the M i n i s t e r i u m  f i i r  ErnShrung,  L a n d w i r t s c h a f t  

und Umwelt Baden Wiirttemberg. W e  t h a n k  these i n s t i t u t i o n s  here f o r  

the r e c e i v e d  f i n a n c i a l  and o r g a n i z a t i o n a l  a i d .  

P r o f .  D r .  G. Kahnt 
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ABSTRACT 

Direct d r i l l i n g  was i n t r o d u c e d  t o  t h e  S t a t e  of Paran;  i n  1 9 7 1  . 
f o l l o w i n g  p i o n e e r  work by f a r m e r s  and  r e s e a r c h e r s  who were i n t e -  
r e s t e d  i n  f i n d i n g  a  means t o  r e d u c e  s o i l  e r o s i o n  l o s s e s  u n d e r  t h e  
c o n v e n t i o n a l  s o y b e a d w h e a t  r o t a t i o n . S t i l 1  t o d a y ,  t h e r e  i s  no d e t a i l e d  
i n f o r m a t i o n  on t h e  ag ronomic  a s p e c t s  of t h e  s y s t e m ,  c h a n g e s  i n  S o i l  
p r o p e r t i e s  and on o p t i o n s  f o r  d i f f e r e n t  c r o p  r o t a t i o n s .  

I n  v iew o f  t h i s ,  IAPAR s t a b l i s h e d  i n  1976 a j o i n t  m u l t i d i s c i p l i -  
n a r y  r e s e a r c h  p r o j e c t  w i t h  I m p e r i a l  Chemica l  I n d u s t r i e s  L t d .  i n  O r d e r  
t o  compare t h e  d i r e c t  d r i l l i n g  s y s t e m  w i t h  t h e  c o n v e n t i o n a l  Sys t em.  
The  p r i n c i p l e  p o i n t s  u n d e r  c o n s i d e r a t i o n  are as f o l l o w s : a l  c r o p  d e v e l  
opment and y i e l d s  u n d e r  v a r i o u s  s o i l  and  c l i m a t i c  cond i t i ons ;h l changes  
i n  t h e  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  of t h e  s o i l ;  c )  i n c i d e n c e  of 
insect p e s t s ,  o e s e a s e s  and weeds;  d )  i n p u t s  o f  l a b o u r  and  fuel  consum 
p t i o n  f o r  t h e  s o i l  p r e p a r a t i o n  and p l a n t i n g  o p e r a t i o n s .  

The f i rs t  t r i a l  was i n s t a l l e d  a t  L o n d r i n a  [ N o r t h  o f  p a r a n i )  i n  a 
r e d  d i s t r o p h i c  L a t o s o l  ( T y p i c a l  A c r o r t r o x l  o f  70% c l a y  c o n t e n t .  The  
summer c r o p s  i n c l u d e  s o y b e a n ,  m a i z e  and  c o t r o n  w i t h  whea t  a s  t h e  
w i n t e r  c r o p .  Results h e r e  are p a r t i a l  and  i n c l u d e  t h e  f irst  two 
y e a r s  s t a r t i n g  w i t h  t h e  1976/77 s u m e r  c r o p s .  I n  t h e  p r e v i o u s  w i n t e r ,  
t h e  who le  a r e a  was s u b s o i l e d ,  s o i l  a c i d i t y  c o r r e c t e d  a n d  w h e a t  p l a n  - 
t e d  c o n v e n t i o n a l l y .  

CROP DEVELOPMENT AN0 YIELDS 

Average  c r o p  y i e l d s  u n d e r  t h e  two s y s t e m s  a re  p r e s e n t e d  i n  
T a b l e  1. 

I n  t h e  f i rs t  summer c m p  [1976/77)  when c l i m a t i c  c o n d i t i o n s  were 
r e g u l a r  and  a d e q u a t e ,  a v e r a g e  y i e l d s  were s a t i s f a t o r y  and  similar f o r  
b o t h  s y s t e m s .  The  l o w e r  y i e l d  i n  d i r e c t  d r i l l e d  maize was d u e  t o  
damage c a u s e d  by e x c e s s  r e s i d u a l  h e r b i c i d e .  The  s u b s e q u e n t  c r o p s  were 
a f f e c t e d  by i r r e g u l a r  o c c u r r e n c e  and d i s t r i b u t i o n  o f  r a i n f a l l ,  t h e  
effects  of wich  i n f l u e n c e d  t h e  deve lopmen t  and  y i e l d  of c r o p s .  The  
h i g h e r  y i e l d s  o b t a i n e d  u n d e r  d i r e c t  d r i l l i n g  were d u e  t o  two f a c t o r s :  
a )  t h e  h i g h e r  s o i l  m o i s t u r e  c o n t e n t  wh ich  a l l o w e d  f o r  b e t t e r  g e m ?  
n a t i o n  and a  more un i fo rm and v i g o r o u s  p l a n t  deve lopmen t ;  b l  b e t t e r  
s o i l  m o i s t u r e  r e t e n t i o n  due  t o  t h e  c o v e r i n g  c r o p  r e s i d u e s  and d i s s e  
c a t e d  weeds  w h i c h  r e d u c e d  t h e  effects of d r o u g h t  d u r i n g  c r o p  deve: 
opment. With r e g a r d  t o  c r o p  r o t a t i o n s ,  t h e  l o n g e r  c o t t o n  c y c l e  and  
t h e  need  t o  p u l l  o u t  and bu rn  c r o p  r e s i d u e s  c a u s e d  a  d e l a y  i n  t h e  
w h e a t  p l a n t i n g  and a  r e d u c t i o n  i n  s o i l  m o i s t u r e  r e t e n t i o n ,  t o  t h e  
d e t r i m e n t  of w h e a t  y i e l d .  By ccmpar i son ,  when p r e c e d e d  by maize ,wheat  
deve lopmen t  and y i e l d  were enhanced  by t h e  h i g h  volume of  c r o p  res? 
d u e  r e m a i n i n g  on t h e  s o i l  s u r f a c e .  



TABLE 1. Y i e l d s  of c rop  r o t a t i o n s  under  t h e  two t i l l a g e  sys tems from 
1976 t o  1978. Average of  3 r e p l i c a t i o n s  p e r  t r e a t m e n t .  

Y i e l d s  ( K g / h a l  o f  c r o p  r o t a t i o n s  
T i l l a g e  s y s t e m s  Summer Win te r  Summer Winter  

1976/77 1977 1977/78 1978 
SOYBEAN WHEAT SOYBEAN WHEAT 

D i r e c t  d r i l l i n g  3280 967 1448 2036 
Conven t iona l  3230 609 530 708 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MAIZE, WHEAT MA1 ZE WHEAT 
D i r e c t  d r i l l i n g  4868 1169 6489 2341 
Conven t iona l  5506 523 5678 891 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COTTON WHEAT COTTON WHEAT 
D i r e c t  d r i l l i n g  1423  385 1749 1813 
Conven t iona l  1414 132 1491 682 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SOYBEAN WHEAT MAIZE WHEAT 
O i r e c t  d r i l l i n n  3247 1094 6981 2446 - 
Conven t iona l  2939 642 5548 969 ----------------  ---------------  

COTTON- - WHEAT MAIZE WHEAT 
D i r e c t  d r i l l i n g  1557 451 6670 2308 
Conven t iona l  1435 102 5706 965 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SOY BEAN WHEAT COTTON WHEAT 
D i r e c t  d r i l l i n g  3179 1055 1633 2078 
Conven t iona l  3111 732 1549 879 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MAIZE, WHEAT SOY BEAN WHEAT 
D i r e c t  d r i l l i n g  4680" 1173 1301 2140 
Conven t iona l  5324 44 8  577 641 

*:- Damaged  by r e s i d u a l  h e r b i c i d e  a p p l i e d  i n  e x c e s s .  

THE OCCURRENCE OF INSECT PESTS 

The low l e v e l  of s o i l  m o i s t u r e  f a v o u r e d  t h e  a t t a c k  o f  s o i l  
c a t e r p i l l a r  ( A . i p & i l o n  and &. &gnoh&uA) i n  t h e  1977 wheat c r o p  . 
Although from an agronomic p o i n t  o-f view, l e v e l s  of a t t a c k  were  n o t  
s i g n i f i c a n t ,  t h e  i n c i d e n c e  was more in tense i n  c o n v e n t i o n a l  p l o t s  , 
where  56 t o  68% more p l a n t s  were  a f f e c t e d  t h a n  i n  d i r e c t  d r i l l e d  
p l o t s .  L e v e l s  of a t t a c k  were h i g h e r  i n  t h e  soybean/wheat r o t a t i o n  
t h a n  i n  t h e  maize/wheat r o t a t i o n  ( T a b l e  2 ) .  I n  t h e  c o t t o d w h e a t  r o t a  - 
t i o n ,  t h e  wheat  c rop  was n o t  y e t  e s t a b l i s h e d .  

TABLE 2. E v a l u a t i o n  of wheat  p l a n t s  k i l l e d  by s o i l  c a t t e r p i l l a r s  
(A.ip&Lton and E .  ~ g n o ~ ~ u b ] ,  1977 c r o p .  Average o f  3 
r e p l i c a t i o n s  p e r  t r e a t m e n t .  

Number 0.F dead p l a n t s  % i n c r e a s e  o f  
C r o p  r o t a t i o n s  Conven t iona l  0 .  O r i l l i n n  a t t a c k  i n  - 

system system c o n v e n t i o n a l  

Soybean/wheat 139 61 56 
Maize/wheat 6  8  22 68 
% i n c r e a s e  of a t t a c k  i n  

There  was a  s i m i l a r  o c c u r r e n c e  i n  t h e  1977/78 maize  c r o p  
where t h e  combined e f f e c t s  of d r o u g h t  and s o i l  c a t t e r p i l l a r s  caused 
a  r e d u c t i o n  i n  s t a n d  around 38% more i n  t h e  c o n v e n t i o n a l  p l o t s  t h a n  
i n  t h e  d i r e c t  d r i l l e d  p l o t s  ( T a b l e  31.  



TABLE 3. T o t a l  nu,mber of young m a i z e  p l a n t s  under  d i f f e r e n t  t i l l a g e  
sys tems  and c r o p  r o t a t i o n s ,  d u r i n g  a  p e r i o d  of  d rough t  
combined w i t h  an a t t a c k  o f  s o i l  c a t t e r p i l l a r s  (A. i p i A a 0 n  
and E.  .&gfloA&w 1, 1977/78. Average of  3  r e p l i c a t i o n s  
p e r  t r e a t m e n t .  

P r e v i o u s  T o t a l  number of p l a n t s  i n  % l e s s  of p l a n t s  

c rop  r o t a t i o n s  D.  d r i l l i n g  Convent ional  i n  c o n v e n t i o n a l  

Maize/wheat 1316 814 38 
Soybean/wheat 1285 822 36 
Cotton/wheat 1293 797 38 

I n  t h e  c o t t o n  crop,  f o r  bo th  y e a r s ,  t h e  o c c u r r e n c e  of aph id  
a t t a c k  (ii.yoAAyp.ii, G~ovUL) was h i g h e r  i n  d i r e c t  d r i l l e d  p l o t s  t h a n  
i n  t h e  c o n v e n t i o n a l  p l o t s  ( F i g u r e  11. 

Fig .  1. 

Convent ional  A 

- - - - - -  0. d r i l l i n g  d 

1 0  20 30 10 20 30 10  20 
dec.  j a n .  feb , 

Occur rence  of  aph id  a t t a c k  (A.g06hypu, @?0vUL) i n  convey! 
t i o n a l  and d i r e c t  d r i l l e d  coFton 1976/77 and 1977/78crops.  

I n  soybean,  monthly e v a l u a t i o n s  o f  a t t a c k  by i n s e c t  p e s t s  d i d  
not  show s i g n i f i c a n t  d i f f e r e n c e s  i n  s p e c i e s ,  p o p u l a t i o n  l e v e l s  and 
c r o p  d e f o l i a t i o n  between t h e  two t i l l a g e  sys tems  [Tab le  41. 

TABLE 4. Occur rence  o f  i n s e c t  a t t a c k  and d e g r e e  o f  d e f o l i a t i o n  i n  
c o n v e n t i o n a l  and d i r e c t  d r i l l i n g  soybeans . l976 /77  crop.  

T i l l a g e  s y s t e m  Number of i n s e c t s / s a m p l e  % o f  
C a t t e r p i l l a r s  Bugs d e f o l i a t i o n  

Conven t iona l  31.0  3.2 29 
D i r e c t  d r i l l i n g  3 4 . 3  3 .6  27 

OCCURRENCE AN0 CONTROL OF DISEASES 

I n  t h e  1977 wheat crop,  a s s e s s m e n t s  were  made t o  d e t e r m i n e  t h e  
l e v e l s  of l e a f  r u s t  (Puccinia aecondita)  b e f o r e  and a f t e r  t h e  a p p l g  
c a t i o n  of f u n g i c i d e s . T h e  l e v e l  of i n f e c t i o n  was two t i m e s  h i g h e r  i n  
c o n v e n t i o n a l  wheat  even a f t e r  t h e  chemical  c o n t r o l  measures(Table :51.  

TABLE 5. I n c i d e n c e  of  l e a f  rust (P. hecondita] i n  wheat, 1977 c r o p .  
Average of 6  r e p l i c a t i o n s  p e r  sys tem.  

T i l l a g e  s y s t e m s  % of  l e a f  a f f e c t e d  by r u s t  

1st. assessment  2nd. assessments  

D i r e c t  d r i l l i n e  12.0  10.7 - 
Conven t iona l  27.5 20.3 
K:- D i s e a s e  l e v e l  a f t e r  chemical  c o n t r o l .  



CHANGES I N  SOIL FERTILITY 

A f t e r  t h e  wheat h a r v e s t  i n  1977, s o i l  samples  were  c o l l e c t e d  
a t  eve ry  5  cm d e p t h  up t o  30 cm and ana lysed  t o  de te rmine  t h e  d i s t r i  - 
b u t i o n  of n u t r i e n t s  i n  t h e  s o i l  [ F i g u r e  2 ) .  

Even i n  t h e  f i rs t  y e a r ,  t h e  d i r e c t  d r i l l e d  p l o t s  showed an 
i n c r e a s e  i n  o r g a n i c  m a t t e r  c o n t e n t  ( e v a l u a t e d  by ca rbon  c o n t e n t  I , 

e s p e c i a l l y  a f t e r  t h e  maize/wheat r o t a t i o n  where t h e  volume of  c r o p  
r e s i d u e  was high; a f t e r  t h e  cot ton/wheat  r o t a t i o n  where t h e  summer 
c r o p  r e s i d u e s  a r e  p u l l e d  o u t  and burned,  t h i s  i n c r e a s e  i n  o r g a n i c  
m a t t e r  was much l e s s  marked. 

For  both  t i l l a g e  sys tems t h e r e  were high c o n c e n t r a t i o n s  of 
phosphorus  i n  t h e  f irst  5 cm of s o i l  and a t  t h e  lower  d e p t h s  t h e r e  
was a  marked d e c r e a s e  i n  c o n c e n t r a t i o n .  S u r f a c e  c o n c e n t r a t i o n  was 
h i g h e r  i n  d i r e c t  d r i l l i n g  e s p e c i a l l y  a f t e r  t h e  cot ton/wheat  r o t a t i o n  
whereas  t h e  lowes t  c o n c e n t r a t i o n s  were  found a f t e r  t h e  maize/wheat 
m t a t i o n  i n  bo th  t i l l a g e  sys tems.  The main reason  f o r  t h e s e  high s u r  
f a c e  c o q c e n t r a t i o n s  i s  t h e  high phosphorus  r e t e n t i o n  c a p a c i t y  of t h e  
s o i l ,  a s s o c i a t e d  w i t h  t h e  f a c t  t h a t  i n  t h e  c a s e  of d i r e c t  d r i l l i n g  . 
w i t h  t h e  machinery a t  p r e s e n t  used,  f e r t i l i z e r  i s  l o c a l i z e d  on t h e  
s u r f a c e  cf t h e  s o i l .  

C o n c e n t r a t i o n s  of ca lc ium,  magnesium and po tass ium d e c r e a s e d  
g r a d u a l l y  w i t h  dep th .  S u r f a c e  c o n c e n t r a t i o n s  were h i g h e r  i n  d i r e c t  
d r i l l i n g  and t h e r e  was l i t t l e  d i f f e r e n c e  between r o t a t i o n s .  

With r e g a r d  t o  n u t r i e n t  a v a i l a b i l i r y  t o  r h e  c r o p s ,  maize 
p l a n t s  a t  f l o w e r i n g  showed s i g n s  of N d e f i c i e n c y  i n  t h e  d i r e c t  
d r i l l e d  p l o t s .  A l e a f  a n a l y s i s  conf inned  t h i s  f a c t .  D i f f e r e n c e s  were 
more e v i d e n t  a f t e r  a  maize/wheat r o t a t i o n  [Tab le  6 ) .  

TABLE 6. N ,  P  and K c o n t e n t s  i n  maize l e a v e s  under  two t i l l a g e  
systems and f o l l o w i n g  d i f f e r e n t  crop r o t a t i o n s ,  1977/78 
c r o p .  Average of 3 r e p l i c a t i o n s  p e r  t r e a t m e n t .  

P r e v i o u s  c rop  r o t a t i o n  N u t r i e n t  c o n t e n t  ( % I  
S u m e r  Win te r  0 .  D r i l l i n g  sys tem Convent ional  sys tem 
1976/77 1977 N P I< N P  K 

Maize Wheat 4.18 0.29 2.33 3.75 0.29 2.47 
Soybean Wheat 4 .19 0.29 2.40 3.91 0,31 2.65 
Cot ton  Wheat 4.09 0.31 2.48 3.95 0.28 2.48 

The lower l e a f  N c o n t e n t  i n  maize  under  d i r e c t  d r i l l i n g  can 
be e x p l a i n e d  by t h e  h i g h e r  m i c r o b i o l o g i c a l  a c t i v i t y  i n  t h e  s o i l  wich 
i s  i n  t u r n  r e l a t e d  t o  t h e  high s o i l  o r g a n i c  m a t t e r  c o n t e n t .  Leaf P  
c o n t e n t  d i d  no t  d i f f e r  between t i l l a g e  sys tems o r  c r o p  r o t a t i o n s  . 
w h i l e  f o r  K c o n t e n t ,  lower  l e v e l s  were d e t e c t e d  i n  t h e  d i r e c t  
d r i l l e d  maize  e s p e c i a l l y  a f t e r  t h e  s o y b e a d w h e a t  sequence.  

Observa t ions  a r e  a l s o  being made of s o i l  p h y s i c a l  changes 
under  t h e  two sys tems and e f f e c t s  upon r o o t  development.  

T h i s  work is b e i n g  c a r r i e d  on a t  two o t h e r  s i t e s  i n  t h e  S t a t e  
of  P a r a n 6  where s o i l  and c l i m a t i c  c o n d i t i o n s  d i f f e r  somewhat. A f t e r  
5 y e a r s ,  a  complete  a n a l y s i s  of r e s u l t s  w i l l  be  made and from t h i s ,  
s o i l  management t e c h n i q u e s  and c r o p  r o t a t i o n a l  sequences  f o r  d i f  
f e r e n t  r e g i o n s  i n  t h e  S t a t e  of Pa ran5  w i l l  be recommended. 
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SOIL CONDITIONS AND TILLAGE SYSTEMS IN THE TROPICS 

M. Armon and R. La1 
International Institute of Tropical Agriculture, Ibadan, Nigeria. 

ABSTRACT 
Effects of continuous no-tillage and conventional plowing on soil 
physical and chemical properties of an Alfisol was investigated 8 
years after initiating this tillage experiment immediately after forest 
removal. There was no erosion on no-tillage plots. Soil bulk density, 
penetrometer resistance, saturated hydraulic conductivity, moisture 
retention at low suctions, and avattable water holding capacity of the 
surface layer were more favourable for crop production in no-till 
compared with plowed plots. Similarly affected was soil chemical 
fertility. Soil productive potential can be naintained indefinitely, 
with proper management, by adopting no-tillage system with crop 
residue mulch. 

Introduction 
No-tillage farming is a soil conserving system. Being an effective 
erosion control measure, it helps maintain soil fertility and soil 
physical properties at a favourable level compared with the conven- 
tional tillage that involves soil disturbance through plowing and 
-harrowing. Crop yield is sustained with no-tillage system because it 
maintains a status-quo in soil properties. 

There exists a controversy in the literature concerning the yjeld 
response to tillage systems. Yield, being a function of multitude of 
factors, is affected by soil chardc~er~stic~, ag;o-e~olopi;~~ environ- 
ments, and management. In addition to the effects of initial level of 
soil physical and chemical properties, variation in climatic factors 
during the crop period have a significant effect on yield. A short- 
term yield record is not a good parameter to evaluate the relative 
performance of tillage systems. In the long run however, tillage 
methods must have a decisive effect on trends in crop yields. 

The controversy can be resolved by either evaluating the long term 
effects of tillage systems on soil properties, crop production, or 
both. Soil, being a non-renewable natural resource, must be protected 
against the climatic elements. Maintenance of its properties at a 
lave1 favourable for crop production is the objective underlying the 
choice of an appropriate tillage system. The objective of this report 
is to describe the effects of 8 years of no-tillage and conventional. 
plowing on the chemical and physical properties of a tropical Alfisol. 

Materials And Methods 

The experiments, were conducted during 1977 and 1978 at IITA near 
Ibadan, Nigeria. Tillage plots have been maintained since 1970 and 
earlier results have been reported elsewhere (Lal, 1974; 1976). Since 
1977, different levels of fertilizer were superimposed over the 
tillage treatments as main plots. Nitrogen was applied at four levels: 
0 (No), 40 (N1), 80 (N2), and 120 (N39 kgfha of N, and 



phosphorus at 0 (Po), 13 (PI), and 26 (P2) kg/b of P. A uniform 
application of KC1 was made to all plots at 30 kglha of K. Physical 
and chemical analyses of soil properties were made during 1977 and 
1978 after growing 17 consecutive crops with the same tillage method. 

Results And Discussion 

A. Soil Physical Properties: 
1. Bulk density and ~enetrometric resistance: Soil bulk densitv 

and penetrometric resistance were generally low for no-ttllage 
compared with the conventionally plowed plots (Table 1). A 
layer of crop residue mulch prevented crust formation on no- 
tillage plots, and, by mafntaining favourable soil moisture and 
temperature regimes, enhanced activity of earthworms that lowered 
soil bulk density and penetrometric resistance. 

2. Moisture retention and transmission: Low bulk density, and high 
rota1 porosity, of no-tillage plots is reflected in relatively 
high saturated hydraulic conductivity of the surface layer 
(Table 2). However, conductivity of the sub-soil horizons was 
generally more for the plowed compared with unplowed plots. 
Moisture retention curves determined on undisturbed soil cores 
indicated higher moisture retention in soil from no-tillage 
compared with conventionally plowed plots (Table 3 ) .  High total 
porosity in no-tillage plots, indicated by moisture retentim at 
zero suction, consists of relatively large proportion of macro- 
pores. 

Table 1. Bulk density and penetrometer resistance. 

(a) Bulk density (gcm-3 
Eight weeks Twelve weeks 

Depth Before Four weeks after after after 
(cm) planting planting planting p1antlr.r 

NT CT NT CT NT C T ST L I 
.- 

(b) Penetrometer resistance (kg~rn-~ 

NT No-tillage 
CT Conventional tillage 



'fable 2: Saturated hydraulic conductivity (cmlhr) determined on 

undisturbed soil cores. 

Four weeks Einht weeks Twelve weeks - -  
Before af ter after planting after 

Depth planting planting 
cm NT CT NT CT NT CT 

NT No-tillage 
CT Conventional tmage 

B. Soil Chemical Properties: 
Soil chemical properties and nutrient status of different layers, as 
affected by tflage systems and level of fertilizer application, are 
shown in Table 4, a to d. In the 0 to 5 and 5 to lOcm layer, soil 
from :he no-tillage plots had more organic carbon, total nitrogen, 
Bray-1 psophocarpus and total concentration of bivalent cations. 
Soil pH (1:l in soil-water suspension) was not significantly 
different among two tillage systems. In the sub-soil horizons of 
10 to 20 and 30cm depths, however, the soil from conventinally plowed 
plots had slightly more organic carbon, total nitrogen,pH, and cation 
concentration compared with that from no-tillage plots. 

Chemical composition of worm casts: Activity of earthworms, as 
observed by number of worm casts on the soil surface, was several folds 
less in tilled compared with untilled plots. In addition, the 
chemical composition of worm casts obtained from plots receiving 
differential fertilizer and tillage treatments, reflects the fertility 
status of soils from those plots. Whereas there were no definite 
trends in chemical composition of worm casts in relation to different 
rates of fertilizer applications, tiliage system had a sfg~frcant 
effect on these properties (Table 5). Worn casts sampled from no- 
rillage plots had more organic carbon, total nitrogen, available P, 
and cation concentration compared with those from conventionally 
tilled plots. 

GENERAL DISCUSSION 
With an adequate quantity of crop residue on the soil surface of no- 
tillage plots, physical and chemical properties are maintained at 
favourable level compared with plowed plots. These trends are 
established over a long period of time, and are also reflected in 
crop yields. In general, maize grain yields with no-tillage were 
equivalent or better than those from conventional tillage. Fertility 
status of those tropical soils that are prone to accelerated soil 
erosion can be maintained for sustained crop production with proper 
adaptation of no-tillage system with crop residue mulch. 



Table 3: Moisture retention (% by weight) at different suctions, 

Soil Tillage MOISTURE POTENTIAL (BARS) 
Depth treatment 0 0.015 0.05 0.1 1 3 5 15 
(cm) 

Determined on undisturbed soil cores, NT = No-tillage CT Conventional tillage 



TABLE 4a. S o i l  chemical p roper t i e s  i n  r e l a t i o n  t o  t i l l a g e  and f e r t i l i z e r  treatmenL 

0 - 5cm (depth) 

TREAT- Organic To ta l  Available 
EiENT Carbon Nitrogen pH P Ca Mg Mn -- - Na 

NT CT NT CT NT CT NT CT NT CT NT GT NT CT NT CT NT CT 
% % P P ~  (meq/lOOgm) 

NoPo 1.85 0.90 0.33 0.14 5.90 6.20 31 39 3.60 1.58 0.70 0.24 0.01 0.01 0.16 0.46 0.08 0.07 





0 0 0 0 c  0 0 0 0 0 0  

O O O P a O O O O O O  
~ V I ~ I U  O U O W N O  

O O c O O O O C C p O  

o o a o o o r a a o o  
N I- O O b - W  0 0 

P P P P 



Table 4d. S o i l  chemical p r o p e r t i e s  i n  r e l a t i o n  t : i l l age  and f e r t i l i z e r  
t reatment .  20-30cm depth.  

Organic T o t a l  
TREAT- Carbon - Nitrogen 

LT N T ~ ~  CT 
PH Avai1.P Ca Mn K Na 

>ENT NT CT NT CT NT CT NT Mg '.I' NT CT NT CT NT CT 



Table 5 .  Chemical composition of worm cast: 

Organic Total 
TREAT- ~ a i b o n  Nitrogen Avai1.P Ca Mg -- M: K , Na 
MENT NT CT NT CT NT CT NT CT NT CT NT CT NT CT NT CT 

% % ppm me/100m 
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EFFECTS OF VARYING TILLAGE PRCCEWRES ON CROP GROWTH FACTORS 
IN SOUTHERN AUSTRALIA. 

Iain T. Grierson 

Roseworthy Agricultural College, Roseworthy, South Australia, 
Australia, 5371 

Abstract 

A factorial experiment involving three types of cultivation 
techniques with two types of seeding methods was conducted 
on a solonized brown soil in southern Australia. 

Highest wheat yields were obtained by methods giving maximum 
soil disturbance, for peas highest yields were obtained by 
tillage procedures resulting in minimum soil disturbance. 
It is suggested the larger roots of the pea plants are 
better able to exploit the soil conditions produced by 
minimum tillage and perhaps there is a need to breed new 
wheat varieties for minimum tillage techniques. 

The preparation of the seedbed for a wheat crop in Southern 

Australia is influenced by 2 main factors, first the length of 

time during which the soil is kept bare and secondly the 

methods used in tilling the soil. 

In general the term fallowing is used when the soil is 

cultivated in the winter or the early spring (August-September) 

kept bare over the summer and then sown in the autumn (May- 

June). 

Early in Australian agriculture it was shown that fallowing gave 

higher yields (Perkins and Bristow 1926, Richardson and Fricke 

1931). The yield increases were attributed to better water 

storage, weed control and a better seedbed. Later it was 

shown that yield increases could also be due to the higher 

amounts of nitrate nitrogen accumulating in fallows (Richardson 

and Gurney 1935). These findings encouraged the widespread use 

of fallowing on all soils. However the fallowing together with 

narrow rotations without produ;tive pasture, led to widespread 

erosion, and by 1940,yields were declining in many of the 

wheat districts (Cornish 1949). 

After 1945 the increased use of legume postures improved soil 

fertility and laid down the basis for the leyland farming 

system as currently used. The length of the fallow period has 



now been generally restricted to initial cultivation two to three 

months prior to sowing. 

However farmers are continually looking for ways of reducing 

tillage costs and are interested in the effect on crop growth 

factors of alternative techniques such as minimum tillage. In 

southern Australia the most conanonly used minimum cultivation 

technique involves directly seeding wheat through an existing 

stand of herbage. A chemical spray is used to check the growth 

of the herbage until the canopy of the grain crop can do this for 

itself. 

During 1978 a tillage trial to investigate the merits of the 

minimum cultivation technique in comparison with traditional 

farming practice was carried out at Roseworthy Agricultural College. 

Materials and Methods 

The experiment was carried out on a solonized brown soil (Gn 1.46) 

Northcote (1965). The mean annual rainfall for the post ten years 

is 489m while for 1978 it was 530mm. 

The trial consisted of a factorial design with three cultivation 

treatments, two seeding methods and two crops. These were laid out in 

a randomized block design with each plot being 25m x 3.2m. 

The cultivation treatments consisted of minimum cultivation, 

cultivation by tyne implements and cultivation by rotary implements. 

Each cultivation treatment was seeded by either used seeding 

equipment mounted on tyne equipment or on rotary implements. 

The two crops were wheat and peas and all plots were sown on the 

3th June 1978. 

The peas were harvested on the 6th December 1978 from plots lm x lorn, 
the wheat harvested on the 11th December, 1978 from strips 1.25m x 40m. 

Grain samples were taken from all plots ground, using a Casella 

Wholemeal Mill and protein analyses carried out using the Udy (1971) 

method. 

Results and Discussion 

The results for the yield and protein percentages for both wheat and 

peas under the different treatments are given in Table I. 



Table I Effect of Presowing Cultivation Treatment and 

Seeding method on Yield and Protein Percentage for Peas and 

Wheat 

Presowing Cultivation Seeding Peas Wheat 

Treatment Method Yield Protein Yield 'Protein 
t/ha-1 % t/ha-1 % 

Tyne 1.99 28.2 1.55 11.2 
Minimurri Cultivation Rotary 1.95 28.9 1.89 10.9 

Tyne 1.87 28.2 1.70 12.3 
Tyne Implement Rotary 1.81 28.8 2.15 1 1 . 1  

Tyne 1.62 28.4 2.48 12.5 
Rotary Implement Rotary 1.68 29.1 2.40 11.9 

LSD P = 0.05 .22 NS .49 NS 

--- - - - - - 

The minimum cultivation resulted in significantly increased pea 

yields and decreased wheat yields. The latter appeared caused 

by poor weed kill under the chemical application which in 

conjunction with the apparent slower crop growth resulted in 

strong weed competition. The reduction in yield may in fact 

have been much greater had the rainfall in 1978 been lower 

creating greater moisture stress. 

The peas however showed strong early growth and were not 

troubled by weeds the shallower seeding depths afforded by 

the minimum cultivation helped to make full advantage of the 

growing period. 

The seeding technique involving the rotary implement gave 

slightly higher yields (at P = 0.10) for all wheat cultivation 

treatments. 

Protein results showed no significant difference. 

Conclusion 

A number of investigators have found that minimum cultivation 

results in a denser soil seed bed (Stibble and Ariel 1970, 

Soane et a1 1975). Hence crops with larger diometer roots 

may respond better to the minimum cultivation technique. 

This may also suggest that wheat varieties bred for 

conventional tillage procedures may not be as well adapted 

to the minimum cultivation soil environment. 

The current Australian seeding method relies on a tyne 

implement, it appears there is a need for improvement in 

19 



this area with these new conditions. 
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SOIL TILLAGE IN DRY TROPICAL REGIONS 
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ABSTRACT: Soil and climatic conditions of the semi-arid tropics, as 
well as constraints of economics and energy, require a shift in empha- 
sis among the traditional aims of soil tillage in the direction of im- 
proving seedbed moisture regime, seasonal water conservation, weed con- 
trol, and improving the friability of the root zone. Results of labora- 
tory and field experiments simulating conditions in the Sahel indicate 
that sorghum yield is strongly dependent on stand density and on soil 
water supply. While water conservation and plant development are favo- 
red by coarsely-structured soil, initial crop establishment is best 
with shallow sowing in a fine seedbed except when crusting impedes 
emergence, or when moisture supply is inadequate. linpeded emergence due 
to crusting can be corrected by control of soil moisture or by mechani- 
cal crust breaking. Zone tillage featuring fine-structured seed-row a d  
coarse inter-row soil appears to be a promising solution. 

INTRODUCTION: Traditionally, soil tillage has been carried out in tem- 
perate climates in the western world with the following objectives: 
- Improvement of soil structure (preparation of a proper seedbed and 
creation of an optimal rooting environment for the plant). 

- Weed control before, during and after the crop growing period. 
- Incorporation of organic matter into the soil. 
However, the conditions prevailing in semi-arid climates are entirely 
different. In the Sahel region of West Africa, which is the primary 
area of interest of this project, the farmer faces specific problems 
of the following nature. 

Climate: In the so-called "sedentary Sahel", where rainfed farming is 
marginally possible, the total annual rainfall of 400 - 650 mm comes 
in one short rainy period approximately between June and September 
(Cocheme and Franquin, 1967). Characteristics of this rainy season are: 
a) The beginning of the season is uncertain, four-week advance or de- 

lay from the long-term average being quite common. 
b) Precipitation during the wet season is often extremely variable, 

not only from year to year, but also within one single season. 
c) The rainfall pattern shows intensive rainfalls interspersed with 

unpredicable drought. During the dry spells, evapotranspiration 
rates are high. 

An analysis of rainfall intensities of 3 years in Niamey (Niger) show- 
ed that 38% of the total rainfall came with an intensity of 50 mm/hr 
or more. For a semi-arid region in India, near Hyderabad, this value 
was only IS%, while for mediterranean semi-arid climates this value 
was even lower. 



Soils: Due to the climatic conditions, organic matter content of soil 
is low (~1%). Soils often have a very low infiltrability, so there is a 
great runoff and erosion potential. Many of the soils in those areas 
where agriculture depends solely on rainfall are of a sandy or sandy- 
loam texture. These soils tend to become very hard during the dry season 
(Charreau and Nicou, 1971; Charreau, 1977). Dry bulk density values of 
1.6 g/cm3 are not uncommon. 

Energy and capital: Since most of the agricultural production (mainly 
millets and sorghum) is essentially subsistence agriculture, capital 
usually is unavailable or very limited. Power sources in the area are 
mainly limited to manual labor or draft animals. As a consequence, farm 
operations are carried out with very simple implements and hand tools. 
The crop growing period starts at the onset of the rains and the farmer 
is forced to wait until the rains have wetted a soil layer of 10-15 cm 
before he is able to start preparing the seedbed and to sow. As a result, 
there is a peak demand on labor as soon as the rains start. In many 
areas, agricultural production is more limited by shortage of labor in 
the peak periods than by shortage of land (Jones and Wild, 1975). In 
light of the above conditions, soil tillage operations in the semi-arid 
troaics should aim at: 
a)̂ Improving soil water conditions in the seedbed, to ensure fast and 
uniform germination and emeraence of the seedlings. In this case. in - 
addition-to considerations o? water conservation for germination'and 
seedling survival during the dry spells in the critical stage of crop 
development, soil structure is also a factor since water uptake by the 
seed (particularly with small seeds) is improved by close seed-soil con- 
tact. Our laboratory experiments showed that best germination of sorghum 
was in a seedbed of aggregates approximately of the same diameter as 
the seeds. A fine tilth is, however, unfavorable -under high-intensity 
rains, since the surface is very susceptible to slaking and crust forma- 
tion. This means that the farmer has to meet conflicting requirements: 
rough, cloddy surface for water penetration, and a fine seedbed for bet- 
ter germination. Farmers in the Sahel region generally grow their crops 
either on ridges, when animal power and equipment are available, or on 
mounds when work has to be done manually. This enables the farmers to 
collect all organic matter, e.g. plant residues and animal droppings 
under the seed row. Ridges and mounds also have better drainage during 
periods of heavy rainfall, and the effect of slaking may be less on top 
of the ridges. It is on the other hand a common practice for farmers to 
cultivate very often between the rows, apparently not only to control 
weeds, but more with the aim of improving soil infiltrability after the 
surface has been sealed by rainfall. 
b) Water conservation over the cropping period. The treatment should 
conserve rain water which is often in excess in the middle of the grow- 
ing season, to overcome dry periods at the end of the season, up to the 
maturation stage of the crop. 
c) Weed control in semi-arid zones is a more important aim of soil till- 
age than in developed areas, since use of herbicides is hardly feasible 
due to limited effect and high costs. Thus weed control has to be by hand 
hoeing and weeding, or sometimes by inter-row cultivation by animal- 
drawn equipment. Excessive weed growth, especially in years with above- 
average rainfall, may create even higher labor requirement peaks than 
during soil preparation and planting. Worst weed infested fields may be 
abandoned in the course of the season (Kassam et al., 1976). 
d) Loosening of the arable layer. As mentioned, many of the sandy soils 
tend to compact severely during the dry season. This phenomenon may be 
attributed to cohesive forces resulting from wetting and drying cycles, 
as well as to the particle size distribution of the soil; 



a mixture of well-sorted pa r t i c l e s  w i l l  form a much denser mass than 
uniformly sized par t ic les .  It was found i n  Senegal tha t  loosening of 
the  s o i l ,  decreasing bulk density from 1.6 t o  1.4 g.cm3 by plowing o r  
subsoiling considerably improved root development and yields  of sor- 
ghum and groundnuts (Blondel, 1965). 

EXPERIMENTAL WORK: The purpose of the  experiments was t o  iden t i fy  fac- 
t o r s  affect ing the  welfare of t he  crop and t o  study the e f fec t  of til- 
lage on these fac tors  under farming conditions simulating those of t he  
Sahel region. Cr i t e r i a  f o r  simulation were r a in fa l l  frequency and the  
r a t i o  between monthly r a i n f a l l  amount and evapotranspiration, While it 
was not iiltended t o  copy current t i l l a g e  pract ices  exactly, the  sim- 
p l e s t  possible t i l l a g e  sequences involving minimum energy expenditure 
were chosen. Rainfall was simulated by spr inkler  i r r i ga t ion  a t  a s i t e  
i n  the  northern Negev of I s rae l  with a mean annual r a i n f a l l  of about 
200 mm concentrated i n  the  winter. The sandy-loam s o i l  described by 
Hi l l e l  (1971) has physical properties very similar t o  those of t he  
"Loamy Plains" of Niono, Mali, described by Stroosnijder e t  a l .  (1977). 

Treatments: A main experiment with sorghum was carr ied out featur ing 
s i x  primary t i l l a g e  treatments and four moisture regimes, as well as  
supplementary experiments t o  study the e f fec t s  of r a i n f a l l  in tensi ty ,  
aggregate s i ze  d i s t r ibu t ion  and depth of sowing on sorghum emergence; 
a short-term experiment t o  study the e f fec t  of crusting on sugar-beet 
establishment; and laboratory experiments on the re la t ion  between ag- 
gregate s ize ,  r a i n f a l l  application,  c rus t  strength 2nd emergence. 

The primary t i l l a g e  treatments of the  main experiment were carr ied out 
on dry land with wheat stubble i n  the  f a l l  of 1977 as  follows: 
- Control: no primary t i l l a g e  applied. 
- Disking: one pass with of fse t  disk harrow, penetrating 12 cm deep. 
- Shallow plowing: tractor-mounted moldboard plow, two 12" bottoms, 

giving poor penetration t o  about 15 cm. 
- Deep plowing: tractor-drawn two-way plow, two 16" bottoms, good 

penetration t o  34 cm. 
- ~ h i i e l i n g :  shanks 30 cm apart ,  penetrating t o  32 cm. 
- Ridging: with 3 furrower bottoms 100 cm apar t ,  ve r t i ca l  distance 

between ridge top and furrow bottom was 35 a. 
Following the winter with only 86 mm of ra in ,  a 100 mm i r r i ga t ion  was 
given, followed by f e r t i l i z a t i o n  (300 kg/ha of N, 100 kg/ha of P, and 
50 kg/ha of K). Fe r t i l i ze r  incorporation, weeding and minimal seedbed 
preparation was carr ied out on a l l  p lo t s  except the  ridges by a s in-  
g le  pass with a spring-tooth harrow pa ra l l e l  t o  t he  direct ion of p r i -  
mary t i l l a g e .  The ridges were renewed with the furrower. The "rain- 
f a l l "  regimeswere modeled onKano, northern Nigex?a, with mean annual 
r a i n f a l l  of 800 mm between May and October, and on Zinder, southern 
Niger, with mean annual r a i n f a l l  of 550 mm between May and September 
(Cocheme and Franquin, 1967). The l a t t e r  treatment had a "dry" variant 
and a "wet" one, with 90 mm of r a in  i n  the  first month being given i n  
two and three applications,  respectively. The "Kano treatment" receiv- 
ed weekly 30-mm i r r iga t ions  i n  the  f i r s t  month. A fourth, unirrigateZ 
treatment followed I s r a e l i  pract ice  of growing dryland sorghum follow- 
ing a wet winter, except t ha t  only 160 mm of i r r i ga t ion  supplemented 
the 85 mm of winter r a i n f a l l .  Total seasonal water applications, in- 
cluding the 100-mm preirr igat ion,  a large par t  of which evaporated 
during the preparatory period, were as  follows: "Kano" - 860 mm; "Zin- 
der wet" - 690 mm; "Zinder dry" - 690 mm; Dryland - 160 mm. 

The supplementary small-plot experiment with sorghum was carr ied out 
i n  three repl icat ions  using the r a in fa l l  simulator described by 



Rawitz e t  a l .  (1972) t e s t i ng  two r a in fa l l  i n t ens i t i e s  (35 and 80 mm/hr), 
two aggregate-size d i s t r ibu t ions  (1.0 - 4.5 mn and 4.5 - 12.7 mm), and 
three sowing depths (2, 6, and 10 cm). In  the  supplementary experiment 
on crust ing s i x  mechanical crust  breaking treatments were tes ted  on 
commercial sugar beets, i n  three repl icat ions .  The treatments are  des- 
cribed with the r e su l t s  below. In  the laboratory experimect four aggre- 
gate  s i z e  c lasses  were exposed t o  16 and 32 mm of r a i n f a l l  a t  40 d h r .  
Emergence of sorghum planted 3 cm deep was observed, and c rus t  strength 
determined. 

Results: Dry matter yield of weeds before secondary t i l l a g e  i n  the  
spring, grain yields ,  and i r r i ga t ion  water applied a re  swnmarized i n  
Table 1. Weed yield consisted of 70 - 90% volunteer wheat. 

Table 1: Effect of primary t i l l a g e  on winter weed yield,  and of t i l l a g e  
and r a i n f a l l  regime on grain sorghum yield,  tons/ha. 

Ti l lage t reatnents  

Control Disk Shallow plow Deep piow Chisel Ridges 

Weed yield:  2.79 1.32 2.24 0 1.64 1.57 

Rainfall 
treatment 
and amount* 

Grain Yield, tons/ha. 

Dryland (60) 0.093 0.270 0.680 0.299 0.820 0.220 
Zinder dry 3.43 2.26 1.68 2.87 3.14 2.20 

(590) 
Zinder wet 1.44 3.32 1.42 3.24 2.87 1.98 
Kano (760) 6.15 6.04 4.56 4.54 3.12 2.73 

* - I r r iga t ion  water applied, m, exclusive of 100-mm pre- i r r igat ion.  

Ti l lage affected penetration res is tance strongly i n  the  inter-row space, 
but the planting operation apparently recompacted the s o i l ,  thus wiping 
out t h i s  difference except i n  t he  ridges, which remained loose. Ti l lage 
a l so  affected aggregate-size dis t r ibut ion,  mainly i n  the  <1 nun and the 
>12.7 mm s i z e  classes,  with the control  having the  f i nes t  seedbed and 
the ridges the coarsest .  Grain yield  was strongly and more o r  l e s s  l ine-  
a r l y  dependent on water supply (Fig. I ) ,  and on stand density i n  the  
i r r i ga t ed  treatments (Fig. 2). with stand density i n  turn being inver- 
se ly  proportional t o  percent aggregates >12.7 mm (Fig. 3).  Thus yield  
was a lso inversely proportional t o  percent of aggregates 4 2 . 7  mm (Fig. 
4).  It should be noted tha t  Kassam e t  a l .  (1976) report  sorghum yields  
i n  the  Sahel of about 0.67 tons/ha, experimental yie lds  with improved 
prac t ice  of 1.5 - 3.0 t/ha, and i n  t h e i r  opinion potent ia l  y ie lds  of 
ear ly  va r i e t i e s  with improved pract ice  would be about 3.5 - 4.0 t /ha.  
In  our experiment some yield  was l o s t  due t o  eating by birds,  so t h a t  
our potent ia l  yield should be much higher. Under proper t i l l a g e  and f u l l  
i r r iga t ion ,  10 t /ha have been achieved i n  I s rae l .  The weed stand does 
not appear t o  have affected yields .  In the  dryland treatment the  highest 
yield of the  chiseled treatment r e f l e c t s  the  f a c t  t ha t  water penetration 
was deepest i n  t h i s  t i l l a g e  treatment, which evidently affected yield  
when water was severely l imiting,  though not i n  t he  wetter treatments. 
Soi l  moisture f luctuat ions  due t o  i r r i ga t ion  were r e s t r i c t ed  t o  t he  up- 
per 50 cm, with gradual accumulation of water i n  the  deeper layers  a f t e r  
July 20 i n  t he  wetter treatments. Root density showed t h e  same pat tern,  
with 70% of the  roots ,  averaged over a l l  t i l l a g e  treatments, being i n  
the  upper 50 cm. layer.  Since sorghum i s  considered a deep-rooted crop, 



it is probable t ha t  root development was r e s t r i c t ed  by the depth of 
water penetration, which i n  tu rn  is a function of the  simulated ra in-  
f a l l  pat tern.  
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The supplementary small-plot experiment with the r a in  simulator showed 
tha t  emergence was generally b e t t e r  with the 5 cm sowing depth than 
with 2 or  10 cm depth, except under low r a i n  in tens i ty  and large aggre- 
gates.  Under low ra in  in tens i ty ,  where not a l l  aggregates slaked, f i ne  
aggregates gave b e t t e r  emergence than coarse ones, confiraing the  find- 
ings of t he  main experiment. The plant  water potent ia l  was higher i n  
p lan ts  growing i n  large aggregates, and individual plant growth was 
likewise b e t t e r  with larger  aggregates. 

In t he  supplementary experiment on sugar beet emergence various crust  
control (by s o i l  conditioners) and c rus t  breaking methods were compar- 
ed with t he  usual p rac t ice  of i r r i g a t i n g  t o  keep the crust  moist and 
so f t ,  and with untreated c rus t .  Heavy and l i g h t  cult ipackers with 
scalloped disks and, especially,  a rotary hoe, were highly successful 
a l te rna t ives  t o  i r r iga t ions ,  saving water and labor and giving b e t t e r  
stands. Soi l  conditioners were l e s s  e f fec t ive  than mechanical means. A 
machine based on rotary hoe wheels has been b u i l t  t o  break the c rus t  
i n  t he  seed row only t o  a controlled depth. This machine is both more 
accurate i n  its work and requires l e s s  power than a f u l l  rotary hoe. 



Laboratory experiments have shown that crust strength increases with 
amount of rainfall applied and decreases with aggregate size. However, 
emergence was much better after 32 mm of rain than after 16 mm, in spite 
of the crust strength being 2-4 times as high after 32 mm. This is due 
to the fact that at the time of emergence the crust in the soil receiv- 
ing 32 mm of rain was much wetter, and therefore weaker, than the soil 
receiving only 16 mm of rain. 
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ABSTRACT 

In results of 15 years of experimentation in Southern Ontario, 
maize planted without tillage (zero tillage) has aver8:ed about 11% 
lower in grain yield than with conventionzl tillage. Phe yield 
depression with zero tillage has been less on coarse-,extured soils 
or where maize has followed a perennial sod crop in rotation. The 
yield reductions could not be attributed to poor weed control, im- 
proper planter adjustment, lower soil temperatures, reduced soil 
fertility, or lower plant densities with zero tillage. Higher soil 
density and less favourable aggregate size distributions are indi- 
cated as possible explanations for the reduction in maize yield. 
A slower rate of growth and development of maize plants was obser- 
ved on untilled soil, but not until after the maize seedlings were 
well established. 

INTRODUCTION 

Research to assess the potential of zero tillage for maize pro- 
duction under the soil and climatic conditions of Southern Ontario 
began in the early 1960's. Initial research effort involved study 
of tillage-fertility and tillage-weed control interactions. Subse- 
quent research concentrated on techniques (including planter adjust- 
ments) for planting zero-till maize through crop residues of previ- 
ous grain maize or perennial forage crops. The research also in- 
volved detailed measurements of soil temperature, soil density, 
certain measurements of rate of plant growth and development, and 
final grain yield of maize grown with zero tillage versus conven- 
tional soil preparation. In recent years, tillage experiments have 
been expanded to involve several systems of minimum tillage, and 
five soil textures. 

In this paper we describe the response of the maize crop to 
zero and conventional tillage systems on various soil types and 
attempt to analyze the possible factors which may have contributed 
to the responses observed. 

For the purposes of this paper zero tillage is assumed to de- 
note the complete lack of primary or secondary tillage with the 
exception of a 5-cm band of soil prepared within the row by a fluted 
coulter mounted on the front of the planter. Conventional tillage 
is understood to denote moldboard plowing in the fall followed by 
discing and harrowing in the spring. 



RESEARCH RESULTS 

Grain y i e l d  

I n  r e sea rch  experiments conducted over  t h e  p a s t  15  yea r s  i n  
Southern Ontario (Table 1 )  maize p lanted  without  t i l l a g e  (zero til- 
l age )  has  averaged about 16% lower y i e l d  than  wi th  conventional  til- 
l a g e  on a l l  s o i l s  except sandy and g r a v e l l y  loams where y i e l d  d i f f e r -  
ences have been much smal le r .  Where maize has  followed sod crops,  
y i e l d  d i f f e r e n c e s  owing t o  t i l l a g e  have a l s o  been smal le r .  

Table 1. Grain y i e l d s ,  and percent  y i e l d  decrease  of zero t i l l a g e  i n  
comparison wi th  conventional  t i l l a g e ,  f o r  maize grown on 
v a r i o u s  s o i l  types  and fol lowing d i f f e r e n t  c rops  (average of 
Ontario t e s t s  from 1964 t o  1978). 

Grain y i e l d  
Number (dry ma t t e r ,  t / h a )  Yield 

of t e s t s  Conven- Zero decrease  
o r  yea r s  t i o n a l  t i l l a g e  (%) 

S o i l  type  
sandy, g r a v e l l y  loam 1 6  5 .1  4.9 
loam, s i l t - l oam 22 5 .1  4.4 
c l a y ,  clay-loam 12 5.0 4.3 1 6  

Previous crop 
grass-legume sod 
g r a i n  maize 

Overa l l  mean 50 5 .1  4.6 11 

Over t h e  years ,  s e v e r a l  reasons have been suggested f o r  t h e  in-  
f e r i o r  y i e l d s  which may occur wi th  zero  t i l l a g e .  Common explanat ions  
inc lude  improper weed c o n t r o l  o r  p l a n t  es tab l i shment ,  lower s o i l  tem- 
p e r a t u r e s ,  impaired p l a n t  n u t r i t i o n ,  and h igh  s o i l  d e n s i t y  (eg.,  
G r i f f i t h  e t  a l . ,  1977). Each of t h e s e  f a c t o r s  w i l l  b e  analyzed f o r  
t h e i r  r o l e  i n  r e l a t i o n  t o  t h e  y i e l d  d e c l i n e  a s soc ia t ed  wi th  zero  til- 
l a g e  maize i n  Ontario.  

Weed c o n t r o l  

Weed c o n t r o l  has  not  been a s i g n i f i c a n t  cause of y i e l d  depres- 
s i o n s  wi th  zero  t i l l a g e .  Complete chemical weed c o n t r o l  has  been 
achieved i n  a l l  of t h e  t i l l a g e  experiments completed. When t i l l a g e  
p l o t s  were e s t a b l i s h e d  on a grass-legume sod t h e  weed c o n t r o l  pro- 
gram cons i s t ed  of an a t r a z i n e  a p p l i c a t i o n  i n  t h e  previous f a l l  f o l -  
lowed by a 2,4-D dicamba mixture appl ied  i n  l a t e  A p r i l ,  be fo re  plan- 
t i n g .  An a d d i t i o n a l  a p p l i c a t i o n  of a t r a z i n e  and he rb ic ide  o i l  i s  
u s u a l l y  appl ied  soon a f t e r  p l an t ing .  When t i l l a g e  p l o t s  a r e  es tab-  
l i s h e d  on maize s t o v e r ,  a t r a z i n e  and a l a c h l o r  a r e  normally app l i ed  
pre-emergence. S imi lar  t rea tments  have been used wi th  good success  
on farm f i e l d s ,  and weed c o n t r o l  has  not  been an unduly d i f f i c u l t  
problem wi th  z e r o - t i l l  maize i n  t h e  Province. 

Maize p l a n t e r s  

I n i t i a l l y ,  we suspected t h a t  poor des ign ,  o r  maladjustment,  of 
z e r o - t i l l  maize p l a n t e r s  could be r e spons ib le  f o r  t h e  y i e l d  



i n f e r i o r i t y .  Research from 1970 t o  1972 focused on p l a n t e r  modifi- 
c a t i o n s  such a s  opera t ing  depth of t h e  f l u t e d  c o u l t e r ,  i n - l i n e  
pos i t i on ing  of t h e  f l u t e d  c o u l t e r  r e l a t i v e  t o  t h e  seed double-disc 
opener, seeding depth (which a l s o  a f f e c t e d  p res s  wheel p re s su re ) ,  
and t h e  o p t i o n a l  use  of seed covering d i s c s  loca ted  between t h e  
double-disc opener and t h e  p r e s s  wheel. Yield d a t a  presented i n  
Table 2 showed no s u b s t a n t i a l  e f f e c t  of p l a n t e r  adjustment on maize 
y i e l d s ,  with t h e  poss ib l e  exception of s l i g h t l y  lower y i e l d s  wi th  
shal low c o u l t e r  depth.  Thus lower y i e l d s  wi th  zero t i l l a g e  cannot 
be a t t r i b u t e d  t o  improper p l a n t e r  adjustment.  

Table 2. Maize g r a i n  y i e l d  on u n t i l l e d  s o i l s  a s  a f f e c t e d  by p l a n t e r  
modif ica t ions  (average of 10  experiment-years).  

P l an te r  adjustments* Grain 
c o u l t e r  c o u l t e r  p o s i t i o n  p l an t ing  use  of  dry-matter 
depth r e l a t i v e  t o  depth covering y i e l d  
(cm) seed opener (cm) d i s c s  (kglha) 

cent red  
cent red  
4 cm t o  s i d e  
4 cm t o  s i d e  
cent red  
cent red  
centred 
cent red  

s tandard 
e r r o r  
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* A l l i s  Chalmers S e r i e s  600 'No-til '  p l a n t e r .  

S o i l  temperatures  

Lower s o i l  temperatures  a r e  f r equen t ly  assumed t o  be a major 
con t r ibu t ing  f a c t o r  t o  t h e  depressed y i e l d s  which occur on s o i l s  
t h a t  a r e  not  t i l l e d  and where crop r e s idues  a r e  not  incorpora ted ,  
p a r t i c u l a r l y  i n  nor thern  l o c a t i o n s  such a s  our own (eg., Van Doren 
and Allmaras, 1978).  However, we were unable t o  observe t h i s  assoc- 
i a t i o n  i n  our own research .  S o i l  temperature measurements were 
taken,  with vary ing  f requencies ,  on t i l l a g e  p l o t s  from 1964 t o  1972. 
Representa t ive  d a t a  a r e  shown i n  Table 3 .  No c o n s i s t e n t  d i f f e r e n c e  
i n  s o i l  temperature has  been measured, e i t h e r  w i th in  o r  between 
p lan t ing  rows, between z e r o - t i l l  o r  conventional ly t i l l e d  p l o t s  -- 
r e g a r d l e s s  of whether t h e  previous crop was g r a i n  maize o r  a l f a l f a -  
g r a s s  sod. 

Logic d i c t a t e s  t h a t  s o i l  temperature cannot be a primary cause 
of lower y i e l d s  i n  Ontario wi th  zero t i l l a g e .  I f  t h i s  were t h e  case  
g r e a t e r  y i e l d  depress ion  would occur wi th  z e r o - t i l l  maize fol lowing 
a previous sod crop,  ve r sus  g r a i n  maize, because of g r e a t e r  su r face  
r e s i d u e  coverage (o r  mulching) a s soc ia t ed  wi th  t h e  former. I n  our 
r e sea rch ,  s i z e a b l e  y i e l d  depress ions  have only been measured where 
z e r o - t i l l  maize fo l lows a previous maize crop (continuous maize cul-  
t u r e  is a s tandard  farm p r a c t i c e  i n  Southern Ontar io) .  

F e r t i l i t y  

F e r t i l i t y  has  a l s o  been discounted a s  a poss ib l e  reason f o r  t h e  
y i e l d  i n f e r i o r i t y  of zero  t i l l a g e .  Research r e s u l t s  a t  Guelph over  



a 4-year period showed that the highest yields of grain maize were 
obtained consistently with conventional tillage, relative to zero til- 
lage, regardless of the rate of nitrogen, phosphorus or potassium 
application (Ketcheson, 1977). 

Table 3. Effect of tillage treatments on soil temperatures at four 
experimental sites in May, 1971. 

Soil type Measurement Soil temperature (OC)+ 
and previous period conventional tillage zero tillage 

crop (hours) * min. max. mean min. max. mean 

Gravelly loam 
grain maize 168 11.1 23.2 16.6 11.0 21.6 16.0 
grass-legume sod 120 11.5 20.5 15.5 11.5 20.6 15.4 

Clay loam 
grain maize - 
grass-legume sod 48 12.5 17.1 14.5 12.8 18.3 15.1 

* Thermocouple temperatures recorded every two hours at a depth of 
5 cm below soil surface both within and between the maize rows. 

+ Soil temperatures are presented as daily minimums, maximums and 
means, and represent averages of between- and within-row measure- 
ments for four replications. Comparisons of data in the Table are 
only valid within each experimental site. 

Soil density and strength 

Increased soil density may be a partial cause of lower yields 
with zero tillage. Higher soil bulk density and greater resistance 
to penetrometer penetration have both been measured when pre-plant 
tillage has been eliminated (Table 4). Increased soil strength or 
soil density may inhibit root growth and, consequently, nutrient and1 
or water uptake. 

Table 4. Effect of zero and conventional tillage on dry soil bulk 
density and resistance to penetration (average of measure- 
ments collected within 1 month after planting in 1975 
through 1978). 

-- 
Bulk* Penetrometer resistance*(bar) 
density depth of measurement 

Tillage treatment (g/cc) 5 cm 15 cm 

conventional 1.32 4.3 11.9 
zero tillage 1.44 14.4 18.5 

standard error 0.037 0.72 1.22 

* Values are expressed as averages of 12 experiment-years (four soil 
textures). 

Maize establishment and development 

In Ontario, zero tillage has not normally affected either the 
rate of maize plant emergence, or the resulting plant density (Table 
5). With either zero or conventional tillage, plant growth and , 

development progress at relatively equivalent rates during early 



seedling growth and it is not until the young maize plants reach the 
4 to 8 leaf stage that differences in plant height and leaf number 
are observed (Table 6). This development stage coincides approxi- 
mately with the time of early development of adventitious roots. 
Final plant heights are usually similar between tillage treatments 
(Table 6) but reproductive development is delayed with zero tillage. 
Measurements taken during 16 experiment-years have shown that the 
date of mid-silking occurred approximately 1 day later in zero 
tilled plots. Thus it appears that zero tillage does not affect 
maize development until after initial establishment, after which 
time plant growth and development proceed at a slower rate. 

Table 5. Rate of seedling emergence, and final plant density of 
maize grown in zero-till and conventionally tilled plots. 

Days from 
Tillage Number planting to Number Population 
treatment of tests 50% emergence of tests (plants/ha) 

conventional 
tillage 5 

zero tillage 5 15.9 26 53,400 

Table 6. Effect of zero tillage and conventional tillage on the rate 
of growth and development of maize plots in 1970. 

Days after Plant height (cm)* Leaf number* 
planting conventional zero tillage conventional zero tillage 

34 16.0 17.5 4.7 4.6 
40 23.7 24.8 6.7 6.2 
47 42.5 39.0 9.2 8.3 
53 58.4 53.0 10.6 9.7 
60 79.3 73.0 13.1 12.1 
68 117.6 110.2 15.1 14.8 
7 6 171.6 162.2 16.4 16.1 
83 196.0 189.5 16.7 16.4 
103 230.3 230.2 

* All values represent averages of 2 experiments, one following a 
grass-legume sod and the other following grain maize. 

Recently, strong relationships have been observed in our 
research between soil aggregate size and maize growth, development 
and yield. Seedbeds with higher proportions of soil aggregates 
less than 5 mm in diameter have resulted in higher yields (Vyn 
et al., 1979). Other Ontario research has shown that the require- 
ment for tillage is confined to a relatively shallow depth (i-e., 
10 cm) (Bolton et al., 1976). Size and distribution of aggregates 
in this zone have a direct relationship to maize yield. The larger 
proportion of coarse aggregates in seedbeds which are not tilled 
is thought to be a major limitation to maize yield with zero til- 
lage in Ontario. 
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D 5 V ~ O P ~ T  OF TILLAGE IN CZECHOSLOVAKIA 

?. e r n 4 , V., Institute for Crop Production, Department 
of Field Crop dcology, 161 06 Prague 6 - Ruzyne 507, CSSR 
ABSTRBCT 
The soil tillage takes still its traditionally important 
role in the farming systems. Social, technical as well as 
scientific advance has been closely connected with the de- 
velopment of tillage.811 problems and new methods have to 
be investigated by a complex team &research workers from 
different points of view as soil physics, chemistry, bio- 
logy, plant growth, yields, weed infestation etc. and al- 
so under various soil and climate conditions,This help to 
understanding all processes which are evoked by the man 
managing the arable soil. 

The soil cultivation which has different functions and 

involves profound influences on the soil and on plants, 

has been traditionally an important measure in the far- 

ming system. Its role is of extreme significance not only 

from the point of view of cropping intself, but also from 

the standpoint of econoqy, mechanization, energy, and or- 

ganization of work. 

The first problems of soil tillage emerged even at the 

time when the man started to grow the crops consciousnes- 

ly. Since this time hehas used more and more adapted im- 

plements as well as more efficient animal draught and 

enigines, The object of all this effort, however, remained 

unchanged: to prepare the best conditions for seed emer - 
gence and crop growth. 

For the territory of the CSSR the year 1827 became a 

very important date in the development of tillage techni- 

que: that year,the cousins VEVERKA invented a real plough 



which was ab l e  not  only t o  crush and loosen the  s o i l ,  but 

t h  a l s o  t o  turn it over. A t  the  end of X I X  century , the  s t e -  

am plough was firstly used f o r  very deep ploughing i n  re-  

g ions  wi th  h ig ly  f e r t i l e  s o i l s ,  A t  t h e  same time s tubb le  

ploughing a f t e r  c e r e a l s  was introduced. 

Although new c u l t i v a t i o n  implements and procedures were 

con t inua l ly  examined by the  farmers ,  t h e  r e a l  r esearch  i n  

t h e  CSSR s t a ~ t e d  even i n  1924, namely under l e ade r sh ip  of 

V. N G V ~ ,  t he  Professor  of s o i l  science.  The first f i e l d  

experiments were t o  solve problems of optimum s tubble  

ploughing terms a f t e r  the  harves t  of ce r ea l s .  The experi-  

mants had t h r e e  r e p l i c a t i o n s  and - what i s  remarkable - 
t h e i r  r e s u l t s  were analyzed from s e v e r a l  p o i n t s  of v i m :  

crop yield,wesd i n f e s t a t i o n ,  s o i l  physics and microbiolo- 

gy, a s  wel l .  I n  the  fol lowing yea r s  t h e  research work was 

concerned t o  ques t ions  of d i f f e r e n t  ploughing depths and 

d i f f e r s n t  c u l t i v a t i o n s  implements (mouldboard plough,disc 

t i l l e r ,  r i g i d  t i n e  c u l t i v a t o r ,  subso i l e r ) .  These experi-  

ments were c a r r i e d  out on d i f f e r e n t  s o i l  types.  Research 

work i n  t h i s  branche was then broken by t h e  znd world war 

f o r  many years .  

I n  1953 a new r e sea rch  s t a r t e d  concerning t i l l a g e  pro- 

blems on d i f f e r e n t  s o i l s  i n  d ivergent  cl imate regions  of 

t h e  CSSR. I n  4 - 5 years  experiments t h e  e f f e c t  on crop 

y i e l d s ,  weed i n f e s t a t i o n ,  and phys ica l ,  chemical and mi-  

c rob io log i ca l  p r o p e r t i e s  of the  s o i l  were s tud ied  i n  f o l -  

lowing p r o j t x t s :  t h r ea  depths  of s tubb le  ploughing ( 2 ) ;  

d i f f e r e n t  depths  of  ploughing - from 10 cm with  d i s c  ha- 

rrow up t o  15, 20, 25  and 30 cm wi th  mouldboard plough - 
a f t e r  sugar  beet  f o r  sp r ing  bar ley  ( 3 ) ;  t h e  term and way 



of underploughing the  dung f o r  sugar beet  and pota toes  

( 2 ) ;  t h e  term and way of underploughing luzerne ,  r e d  clo-  

ve r  o r  chve r -g ra s s  mixtwe f o r  winter  wheat (4) . In t h e  

long - term experiments ( 1  962 - 1968) orz three s o i l  types  

the  e f f e c t  of t i l l a g e  system was i nves t i ga t ed  i n  two crop 

r o t a t i o n s .  A gradual  deepzning of the  s o i l  p r o f i l e  (every  

second year )  and d i r e c t  deepening and subso i l  loosening 

t o  eqau l  depth  of 40 - 45 cm were compared wi th  a common- 

l y  used ploughing depth  of I S 2 8  cm (5,  6,  7). Since 1962 

t h e  problem of r o t a r y  t i l l a g e  wi th  d i f f e r e n t  implements 

(among o thers  Rotawator Howard LU6 70)  have been i n v e s t i -  

gated(S),The increased us ing of heavy implements and ma- 

chines  concerned our i n t e r e s t  t o  t h e  e f f e c t  of f i e l d  t r a -  

f f i c  and i ts inf luence  on s o i l  p r o p e r t i e s  and crop growth 

( 9 ) .  The model experiments (1959-63) w i t h  d i f f e r e n t  s o i l  

dens i ty  have shown win t e r  wheat t o  respond p o s i t i v e l y  on 

increased s o i l  dens i t y  (10)-  The f i rs t  f i e l d  experiments 

d i d  not  g ive  good r e s u l t s  due t o  unsu i tab le  for-crop and 

in su f f i en t  e f f e c t  of he rb i c ides  (11 1. La te r ,  when increa-  

sed y i e l d s  a f t e r  a good technology i n  winter  wheat had 

been obtained i n  numerous experiments and a l s o  in  t h e  

p r a c t i c e  undar r e l a t i v e l y  d ry  condi t ions  (about 450 mm) 

i n  South Moravia, Czechoslovak indus t ry  s t a r t e d  t o  pro- 

duce machines f o r  d i r e c t  d r i l l i n g  ( t r i p l e  d i s c  type) ,  A s  

compared wi th  d i r e c t  d r i l l i n g  win te r  wheat a f t e r  t r a d i -  

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

h igher  undea s tud ied  condi t ions  (12). In 1978, d i r e c t  

d r i l l i n g  w a s  used on 80 000 ha of w in t e r  wheat and in 

some reg ions  under favorab le  condi t ions  its propor t ions  

exceeded nea r ly  10 % of the  t o t a l  acreage of wheat, 



On t h e  bas i s  of a l l  these  experiments, of t h e  research  

work r e a l i z e d  dur ing the  l a s t  25 yea r s  i n  t h e  Research 

I n s t i t u t e  of Crop Production i n  Prague and o the r  Czecho - 
s lovak Research S t a t i o n s ,  and a l s o  experience wi th  farm- 

i n g  systems fol lowing conslusions may be deduced: 

1 .  Th* farmer has been always i n t e r e s t e d  in t h e  h igh crop 

y i e l d  and economic production (work organizat ion,  p r i c e s ,  

simple a s  w e l l  r e l i a b l e  machines). 

2.The research  work has t o  provide t h e  franiers wi th  c l e a r  

conclusions concerning crop y i e l d s  and t h e i r  economy, a l l  

favourtible and unfav.ourable condi t ions  f o r  any s y s t e n  as 

w e l l  a s  grounds and causa l  r e l a t i o n s .  The r e s e a r c h  i n t o  

s o i l  t i l l a g e  ( o r  ze ro - t i l l age )  cannot be viewed, however, 

from t h e  s tandpoin t  of y i e l d  and econoqy only, The i n f lu -  

ence of the  s o i l  type ,  c l imate ,  f e r t i l i z i n g  l e v e l  et.e. 

may l e a d  t o  q u i t e  adverse conslusions.Therefore it is al-  

ways neaessary t o  know as bes t  t h e  experimental  condi t i -  

ons, Zynamic chanses i n  t h e  s o i l  physics ,  chemistry and 

biology,  and a l s o  the  c h a r a c t e r i s t i c s  of crop growth, 

3. Yield inc reases  may be expected if a new nethod is ab- 

l e  t o  a l t e r  the  main vege ta t ions  f a c t o r  ( l i g h t , w a t e r  sup- 

p l y ,  temperature,  n u t r i e n t s ,  a i r )  i n  s o  a stpong degree 

t h a t  any f a c t o r  ( o r  f a c t o r s )  is brouth f romalow t o  t h e  

optimum ( o r  near  t o  the  optimum) l e v e l .  For t h i s  reasons 

a l l  the  complex f a c t o r s  i s  t o  be s tud ied  (13). 

E x a m p l e s :  

B very deep ploughing on non - f e r t i l i z ed  chernozem o r  grey 

brown podzolic  s o i l  does inc rease  t h e  crop y i e l d s  owing 

t o  a b e t t e r  mobilizatiion of N, but  under h igher  NPK r a t e s  

no s i g n i f i c a n t  d i f f e r m c e s  a r e  found between t h e  y i e l d  



l e v e l s  not  only a f t e r  shallow and deep ploughing(see Tab. 

1 ,  lit, 14). 

Under condi t ions  of t h e  CSSR, the  optimum term or' luzerne  

underploughing o r  clover-grass mixture f o r  winter  wheat 

has been c lo se ly  conected wi th  t h e  b io log i ca l  a c t i v i t y ,  

r a t e  of n i t rogen  r e l e a s e  a s  w e l l  a s  C : N r a t i o  ( s ee  Tab. 

2 ,  Fig. 1 ,  lit. 15). 

The r o t z r y  t i l l a g e  on a heavy s o i l  a t  Prague-Ruzyne pro- 

ved b e t t e r  r e s u l t s  i n  the  f i rst  growth s tages  of win te r  

wheat than  t r a d i t i o n a l  ploughing and seed bed prepara t ion  

d id .  Chz t h i s  soi l ,however,  which i s  charac te r ized  by swe- 

l l i ng  and shr ink ing  (montmori l loni t  con t en t ) ,  deep f i s s u -  

r e s  appeared a t  the  time of wheat a n t h e s i s  ( ~ u n e ) , s o  t h a t  

water  l o s s e s  and r o o t s  breaking followed by y i e l d  decrea- 

s e  took place ( s ee  Tab. 3 ,  lit. 8). 
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THE 8th  COIPFEXEXCE OF IX?EWATIOEaBL SOIL TILLAGE 
RESZARCZ ORGBHPZATIOIB. ISTRO. BUTBDESBBPUBUK D m T S C W ,  

SO= ASPECTS COHC-IBG SOIL TILLAGE 9 R A 

Besearch Institute fox Cereals and Indust r ia l  Crops, 
826.4 Paandulea, Ilf ov, Romania 

x) Aponoraical W t i t u t e  "Hicolae E&lceacuw, Faculty of 
&snow, 71331 Bd.BBiirggti 59, W;rcaregti, Romania 

The resesaxchss pointed out the different iated requi- 
rement~  of mops on s o i l  t i l l a g e  uPldar d i f ferent  c l h a t i o  
and m i l  conditions, 

Concerning the ainPmum t i l l a g e  aore varisants were 
studied. The use of Rotaseeder ( s t r i p  t i l l a g e ) ,  Seaaavator 
or ro tary  t i l l e r  was nore sui table f o r  wheat than f o r  
mbz;a,The swbstittllion of plouwsag by dSekirg is gossibls 
f o r  sssdbod prepmation a t  wheat f o r  ~ 1 8 2 ~ ; ~  yewsB bat a t  
miz;e only f o r  one yem,in  a l t e m t i o n  with plou&iplg. W 
plom&ine: is aehleved a bet ter  weed oonaerol,espeeQelly fo r  
perenaial weeds,The r a t ioml i sa%ian  of s o i l  t i l l a g e  sys- 
t eas  m u s t  be colasidered in the frasnewosk of altcama%iozl of 
crop5 with swious  requirelaenl~ai t  is recornended a deeper 
m i l  t i l l a g e  of 28-30 cua w oEilJi once i n  3 4  yew8 - and a 
&allow t i l l a g e  kn the r e s t  of the perPod, 

As concerns heavier and compacted soi ls ,a  par8o4ical 
deep loosenSag darteminad am iuaproveaent of a i r  a d  retw 
Peama, and an b a r e a s e  of wheat (28%) and m a l z e ( 3 ~ ) y ~ e l d ~ ~  

The orop land of Bom82nie i s  characterisad by sa wide 
range of s o i l  smd climatic condition~.There a r e  d i f ferent  
t y p s  of chernozcans,reddi brom fo re s t  soils,brrawn s o i l g  
podsolizea so i l s , se r t i so l s ,  hulaic gley raoi le ,eaw so i l s ,  
allaavkal soils,aalt-&fee%& so i l e  a d  othsra.me gem- 
r a i n f a l l ,  unudforraly distr ibuted dlzkiaag the g e w , r ~ s a  
between 380-800 ma. 

?!he arable 1ap.d of 9,8 ~ L l l i o n  ha i s  awltiva%ecl with 
miee(34,7%), wheat and b ~ l e y ( 2 9 ~ 6 % ~ ,  sudlowes ( 5 * S I ,  
sugarbee% (2.6$1, potatoes(3,S),  r~eybeezz(B,%), bean 
(ac8$l, flsb9(1.5%1 eund other croparc 

The neeeesity of sa t is fying arop reguircsmemte la=&- 

versa t i l e  pedocl-tic conditions deteraained reareerohea i n  

the experiment611 f i e l d s  in order t o  es tabl ish  the most 



semltable s o i l  t i l l a g e  systems, which have t o  ensrare the 
s o i l  f e r t i l i t y  conserPration and the ac~jhfevement of i n=+  
creased yields. 

During the l a s t  years a s e r i e s  of ta~pects of s o i l  
t i l l a g e  w e m  slndiea and the reanl te  obtiiraed pointed o ~ t  
the necessity of differentiatirag i t  dependin$ on s o i l  
tgpe,@lirnatic eoaditions,preceding and following CEopBr 

ahes were cmsied ou t  with the main crops tander d i f fereat  
pedoclimat2.c canditions,The p l o u m n g  depth pegged between 
15 aad 40 cnn, ffhe obtahed data pointed out the need t o  
d i f ferent ia te  the ploughing depth eweellally depand8Pbg on 
crop,So the ccsrcals (aBaeat,bml@y) and l@gaaesQpasads,so~r- 
bem,bean) need a ploughing depth of up t o  18-20 am,, 
while sugarbeet am3 potatoes kequire a p l o u a m  depth of 
28-30 cm;msi%e am3 sunSlowek ham intemedla%s neada3, A 

deeper ploughing beyond these l i m i t s  did not b r i w  yield 
inoreases or any o t h e ~  edvmtages, 

I n  c o l ~ p e ~ t i o n  with the p lo0&iq9  a s e r i e s  @f aspects 
referr ing t o  the chamge of the physical s o i l  i?pogerties, 
t o  the biological ac t iv i ty  i n  the  s o i l  and t o  the evolm- 
t ion of weed i d e s t e t i o n  were studi@d.Wlnen the wheat is 
placed a f t e r  the ea2.y p r e o e d i ~  crops(pbatijl,~h@at,bsrley) 
it was notiaed the favotarabl@ e f f ~ c t  cf S L P ~ B I  p l o ~ w q  
( imedia te ly  ei8ser k t ~ v e i a t i ~  of prl~obdPq arop) en the 
moisture s l o r w e  and i t e  eosssemation, and also  on the a- 
t r i f ice%lon dcariw sumsr, %= comarparLson with the autum 
plou&%rsag,be%cs@ sowlLngsTh@ afSeaan t ia t ion  of s o i l  ilsois- 
ture  raserves,ae a r e su l t  of p l o a w n g  the ,Pe luence  dim 
ree t ly  the wheat yield i n  the f s l lowiw yeweas  &own 
f igo  1, 

experrhenee with msize croppi t  was 
ahown. that  the deeper p l o u a w  reduoes the dew@@ of @oi l  
compaction so that  the a i r  and water-regha becomes mote 
favourable for  intenekfging the biologPcel activity,erape- 

c i a l l y  that  of sl8'trifJring bacteria. (Phe data shorn i n  
f i gc  2 a r e  evident. 

The deeper plough* contributes nore than the super- 

f i c i a l  one t d  weed control,aspeoially t o  the gerenaial 
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weeds (Sorghum halepense, UFrsium arvense), which are less 
controlled by herbicides; this is a present role of plough- 
ing,  generally of soil tillage, in the framework of the 
integrate control of weeds. 

Bg continuous ploughing at the same deptheat this 1%- 
mit a compacted layer-hardpan is fomed,whose bulk densi- 
ty was 15120% higher than of the neighbouring oneaeThrough 
the alternation of ploughing to different dapths this phe- 
nonrenon,which lipiits the noma1 water flow and the deve- 
lopment of the plant roots,is avoided. 

Studies on some aspects of fertilisation did not 
point out the interaction between the rate of fertilizare 
and the ploughing depth. 

BB i n i m u m t i 1 1 a_pg e The working up of the 
--I-.-.-- L* 

lninimlam tillage methods is determined by necessity of me+ 
gy saving,of reducing the paasee of tractor and tillage 
equipment over the Xand(for avoiding an exaggerate soil 
compaction)and of perfomancs in a ahorter time of more 
operations. 

be ploughing requires a high quantity of energy, 
ranged between 3946% from the total need of the seedbed 
preparation,it was looked for possibilities of its substi- 
tution.In this respect it was verified more variants of 
minimum tillage : 

- direct drillinn by using Rotaseeder(Strin T i m ) .  



The success of this method is conditioned by a good level- 
ling of the land and a lack of vegetal residues from pr- 
ding cropithese requirments and also the increased energy 
consumption did not favour the extention of this method. 

8-t wheat crop some satisfying results sere obtained 
while at maize,which is more sensitive to the soil loose- 
ning,this method was less suitable.The sowing depth had a 
great variation and the droughty period which follows af- 
ter maize sowing caused an ununiform sprout so that the 
plant density has been affected,The weed control was car-- 
ried out by means of herbicides.It was remarked,in this 
case,the contribution of ploughing to weed contro1,espe- 
cially to perennial weeds which are not controlled by her- 
bicides;the infestation with weeds was twice lower on the 
ploughed plots than on the unploughed ones.The maize @&da 
obtained by Rotaseeder and conventional methods were in 
ratio I:1.2-3,The studies on the physical soil state indi- 
cate s tendency of water stability increase of the struc- 
ture in the unploughed soil, 

- Seedbed preparation by means of rotam tiller.This 
method is very suitable for wheat which follows maize,es- 
pecially under certain conditions:the presence on the land 
of @any left residues,a droughty autumn when,if the soilis 
ploughed,big and tough clods result which require many opeti. 

rations and too much energy for its breaking up.There is 
no yield differences betwee'n using conventional (with plot&- 
ingland the rotary tiller methods. By seedbed preparation 
and sowing of wheat in one operation using a rotary drill 
(semavator)good results were obtainadsbut the machine needs 
some improvenents for achieving a better uniformity both 
for the loosening depth and the sowing depth. 

For the seedbed preparation at maize the using of ro- 
tary tiller was not as suitable as for wheat;by this m&d 
the maize yield was 3,004.2 q/ha lower than' by ploughing. 
Concerning the change of soil state it was ascertained a 
decrease of water stability of structure and a tendency of 
soil compaction under tillage depth.Although the use of ro- 
tary tiller has some advantages it is not widespread be- 
cause of its high energg consumption. 

L. 

4 2 



).The method has some advantages,especia1ly f o r  win- 
t e r  cerealst  
a) it ensures a good seedbed,the surface land is more le- 

velled and the achieved sowing depth is more unifom; 
b) it i a  perfomtad i n  a shorter p e ~ i o d  of time,wUoh a l -  

lows the sowing i n  optimem time; 
c )  i t  needs 2 4 - 5 s  l e s s  energy than the seedbed prepara- 

t i o n  by ploo~@SPling. 
This method i s  recomaoended,like rotary t i l l ing,espe- 

ciailly fop wheat a f t e r  ~aaize,sunf~ower,sugarbest,potetoss 
i n  case of' t iqy autumn when by ploughing there r e s u l t s  big 
clods,foa: whose breaking w e  necessary repeated operat%ons 
with disk a d  clod crusher,md s lao  f o r  seddbed prepaPs- 
tion f o r  second crop under i ~ r i g a t i o n  condition;la,There W e  
no differences between sheet yield8 obtained a s  an effeot 
of the seedbed preparation by plougihaw or on* by disklZJgng. 
For =Fee m d  sunflower crops the reglacemmt of plou 
by disk* can be sdneitted only f o r  one y e w  i n  a l t e r  
with plou&Jni-,b a statics e w r a a n t  of 9 yoteb~.s,in 4 
local i t ies ,%he maize yield,  an the plot  worked only by 
disking i s  4.2-9,2 *a loser  a s  compared with the ploughed 
plots  or t o  the p lots  where d i s k i w  m d  ploo@;kaine: a l t e m -  
%n is done yearly.lf the p l o a g h w  is  replaced by diak4ng 
2.4 years consecutiveSy,the maize and slmnflowea a e l d e  de- 
crease and tend t o  reach the y ie lds  of the plot  worked 
only by disking, 

The r e s u l t s  obtained in the experhenta with alterna- 
t ion  of plou g t o  different  depths with dieking allow a 
r a t i o m l i s a t i o n  of s o i l  t i l l a g e  syet@as.Tho optimisation 
of the s o i l  t i l l a g e  ~ya~rstema a tus t  be eomi8erced i n  the fra-  
mework of crop rotation,of al ternat ion of crops with vari- 
ous ~ e q u k r e m e n t s ~ h  t h i s  way i t  can be achievwcl an altc4ma- 
t ion  of d i f ferent  s o i l  lootwang depths(lo-12 cm by disking 
18-20 om and 28-30 cm by p l ~ u g h i a g ) ~  ~o tbt  each yew? %hex 
can have a ce r ta in  ratio,wMch allow a deeper s o i l  t i l l a g e  
t o  28-30 cn only once i n  3-4 years,and a shallow t i l l a g e k  
the r e s t  of period,Thus it i s  achieved an important energy 
saving(each centimeter of daepe of s o i l  loosening re- 
quFres 0.5-lo3 l4ha Diesel oil),ensurjllg optimaaamn ooIlp$itions 

adequate t o  requhemsnts of eaoh crop. 

43 



The reducing of energy at nzaize,sunflower and sugm- 
beet is posaible and already achieved by the perfomance 
of some operations(s0il tillage hediately before sow-, 
fertili~er~herbicidea and insecticides application anti 
sowing) in one pass of tractor, 

L m D r o v i n a w 0 r k s for heavier and corapac- 

ted ~oils,Within the soil profile with fine textured or 
compacted layersthe ratio airiwater is abnoma1,the down- 
W B P ~ S  uovemePlt of watersdue $0 a reduced pemeability,is 
hampered to pass to subsoil storageftbe root penetsation 
is reduced and the plants c m o t  explore the fall depth 
of the soil for aater,air and nutrients,Du~ing sumaer the 
erops suffer from lack of wat~r~which could 310% be stored 
snd conserved,Such soils have a low total and air porosity 
zuld are alternatively affected by waterlogging water 

deficit, Table P 

Effect of deep loosening upon the soil state a d  the yield 
of wheat am3 maize 

Por improving the pmaability,and the increase of 
water intake and storage capacity it was studied the BIT%& 
of deep 100seniD.g under conditions of clay soils. The re- 
sults obtained on a vertisol point owt an obvious improve- 
ment of sir and water regime withint the soil,which favou- 
red the roots development and finally the yields increase 
(Table l).,The positive effect of deep loosening continues 
for 3-4 year8,beiD.g newssary to repeat it after lizis 

All experimental data which are obtained during the 
last 10-15 years allow the optimization of soil tillage sge 
them by its differential application,depending on the soil 
and climatic conditions and on the crop requireDoents,thus 
being ensured the soil fertility conservation and the a 
Bent of increased yields with less energy conswmption. 



TILLAGE OR NO-TILLAGE, DEPTH OF PLOUGHING, 

M. F'RANKINET, L. RIXHON and A. CROHAIN 
with the collaboration of L. GREVY 

Station de Phytotechnie de 
1'Etat - 5800 Gembloux. 

\ 
I. TRIAL PRESENTATION 

In 1967, the Station of Phytotechnic has settled an important experimental 
'\ 

. .. 
design in- view to study the incidence of's011 work techniques on the yield of 

\ 
several crops. 

The expeqimental procedure had to allow the study of a maximum crops inte- 

grated in a 'coherent cultural system and closed to the agricultural practice, 

the expresscon of different cultural ways. 

wap carried on the following 4 years rotation: 

sugar beet. 

/ 2. Spring cereal: oat or barley _. . A. 1 3 .  Fodder maize (whole plant) or horse bean (vicia faba). 
I 
I 4. Winter cereal: wheat 
I 
I, 

Experimental design has been settled on the following way: three basic 

:treatments were used: 
+ - normal ploughing - 30 - 5 cm depth 

+ - shallow ploughing - 15 - 5 cm depth 
- no tillage or direct drilling. 
These options being defined, two variables were susceptible to be.studied: 

- on one hand, preliminary experiments having shown the interest of an addi- 
tional nitrogen manuring when the soil work depth was reduced, this variable 

has been kept; 

- on *he other hand, it has been interesting to study one time per rotation 
the effect of normal ploughing on certain plots treated by shallow ploughing 

or by direct drilling. 

From these elements, seven treatments have beent defined and can be shortly 

described as follows: 

- Treatment 1 - Permanent direct drilling with normal nitrogen manuring (SD). 
- Treatment 2 - Permanent direct drilling with a nitrogen manuring supplement 

(SD N). 

- Treatment 3 - Permanent shallow ploughing witli normal nitrogen manuring 
identical to the treatment 1 CD) 

- Treatment 4 - Permanent shallow ploughing with a nitrogen manuring supple- 
ment (D n), this supplement being generally equal to the half 

of the one applied to treatment 2 (n = N/2). 



TABLE I 

---------------- ------------------ ------------------- ------------------- ------------------- ------------------- ------------------ t Roots : 51.797 1 1000 g r . :  30332 1000gr. :  t 3 7 ~ 6 4  G.M. : t 38.179 1 t 1000 g r .  : 
40,00 

kg/ha g g kg/ha g 1 

HORSE BEAN I WINTER MEAT C R O P S  

Yields 

N o  t rea tments  

I .  SD 

---------------- ------------------ ------------------- ------------------- ------------------ 1 % Sugar : 17,32 % Hect.:  43,OO kg t Hect.:  64,21 kg 1 1 Hect.: 76,80 kg 1 

SUGAR BEET 1 SPRING OAT j SPRING BARLEY I FODDER MAIZE 

I I I I I I I 
t-. 
D Tests  of Newman and Keuls alpha = 0,05 

Sugar kg N 
kg/ha /ha 

7.227 156 

C l a s s i f i c a t i o n  No of t rea tments  1 
7 th min. 

h t h  

5 th 

i t th 

3th 

2 t h  

] S t  
Max. 

Yield kg N 
kg/ha /ha 

4.477 69 

kg N/ha : kiZogrcnn nitrogen/ha 

1000 g r .  : wheight o f  1000 grains (gram) 

Hect. : wheight of one hectol i tre  of grains (kiZogram) 

Dry mat. kg N 
kg/ha /ha 

8.704 155 

Yield kg N 
kg/ha / ha 

3.513 44 

4 

7=3 

3=7 

6 

5 

2 

1 * 

G. M.  : green material 

% D.M,  : dry matter % 

Non 

t e s t e d  

Yield kg N 
kg/ha /ha 

3.761 15 

Yield kg N 
kg/ha /ha 

5.950 109 



- Treatment 5 - Direct drilling with nitrogen supplement during three conse- 
cutive years, the fourth year being with normal ploughing and 

manuring (3 SD N + L). 

- Treatment 6 - Shallow ploughing with nitrogen supplement during three conse- 
cutive years, normal ploughing and manuring during the fourth 

year (3 D n + L). 

- Treatment 7 - Permanent normal ploughing, normal nitrogen manuring (L) 
This trial has been established in a 7,5 ha field which has been devised in 

four parcels. Each parcel was subdivised in four blocks or replications inclu- 

ding each of the seven treatments. 

This scheme corresponds to the statistical design of complete random blocks. 

These experiments are conducted on a Hesbaye loess soil, which is deep, fresh 

and fertile. 

A more detailed description of the cultural operations and manurings really 

applied and a complete analysis of results since 1967 to 1977 is reviewed by 

FRANKINET et a1 (1978). 

11. RESULTS AND DISCUSSION 

Table one includes the mean results 

11. I. Sugar beet - - -- - - - - - 
After eleven years of trials, the following remarks can be formulated. 

Among the six crops being present in this trial, sugar beet appears to 

be the more sensible to the direct drilling. On an average, indeed, a 

significant loss of around 20 % is observed in sugar yields. 

On the other hand, this crop reacts favourably to a diminution of plou- 

ghing depth. To equal nitrogen manuring, a light increase of sugar pro- 

duction is observed with regard to traditional ploughing (+ 1,4 %, N.S. 

for alpha = 0,05). 

Bringing nitrogen manuring supplements increases yield but does not 

allow the direct drilling to recover the lack of production genen&,ted 

by this technique. 

An analysis of annual results shows that this supplementary added nitro- 

gen brings an increase of root production while it slightly diminishes 

the sugar content; combining the two components meanwhile remains favou- 

rable to the sugar production per ha. 

The effect of ploughing after three direct drilling or shallow ploughing 

years expresses itself by getting productions comparable to those of 



ploughing; a back-effect of supplemented nitrogen previously spread is 

also observed. Afterwards, when the direct drilling or shallow ploughing 

techniques are again used, the yields obtained are comparable to those 

of the same techniques used in a continued way. 

11.2. S~ring cereal glants : oat and barleg --- -------- ..................... 
For those two crops which come after sugar beet, leaves and tops left on 

the field, we have in hand the results of seven years of observation for 

oat and four for barley. 

From these cultures, barley is the more sensitive to soil preparation. 

In direct drilling, the barley yield is affected by a decrease of 1 1  % 

compared to ~loughing, this difference being significant. The effect of 

the added nitrogen nutrients is of little importance but sufficient to 

make the difference (5 %) between the other treatments not significant. 

The practice of continued shallow ploughing slightly decreases the level 

of yields (less than I %). 

The nitrogen supplemented beneficial effect is of around 3,5 %. 

Let us remark that oat is less sensible than barley to the soil work con- 

ditions. In permanent direct drilling, the mean decrease of yield is 

about 2 %. A supplement of nitrogen gives a production which is compara- 

ble to the one of ploughing. The other techniques which have been experi- 

mented do not practically affect the production levels. 

Oat is compatible to the reduction of ploughing depth; nitrogen supple- 

ments increase very slightly the yields per ha. 

As for sugar beet, the effect of ploughing after three years of direct 

drilling or shallow ploughing shows yieldslha comparable to those of the 

traditional continued ploughing. 

11.3.1. Fodder maize whole Elant (seven years) .................... ---- 
For the sensitivity against conditions of direct drilling, the fodder 

maize comes immediately after the sugar beet with a significant mean 

production decrease of 14 %; a nitrogen supplement increases very few 
+ 

the yield level (- I %). 

Let us point out that at the time the experiment was planned, the choi- 

ce was directed by the simultaneity of sowing and harvest time, which, 

taking notice of the delay at emergence and initial growth of maize in 

direct drilling, is unfavourable for this technique. 

The practice of permanent shallow ploughing technique affects also but 



in a less way the production of dry matterlha. The decrease of yield 
+ 

is 5 %. Supplemented nitrogen allows to recover - 3 % from this de- 

crease. Ploughing has the same effects as such previously described. 

In a general way, the nitrogen supplements give slight increases of 

dry matter level. 

11.3.2. Horse ---------- bean (four years) 

From all the crops present in this trial, the horse bean is the sole 

which reacts favourably to the direct drilling conditions. Ploughing 

depth reduction has no effect. Nitrogen supplements have no beneficial 

effects for this crop. 

11.4. Winter wheat ------------ 
Among eleven years of winter wheat observations, this one comes seven 

times after maize and four times after horse bean. It goes from itself 

that appropriate manuring has been given in relation with the preceding 

crops. 

As a general rule, this crop has not suffer very from direct drilling. 

Compared to ploughing, the yield decrease is about 1 %. 

Permanent shallow ploughing practice does not affect yields level. 

Looking at the mean results, the opportunity of a nitrogen supplement 

does not serm favourable to yields, either in direct drilling or in 

shallow ploughing. The analysis between years does allow a better approach 

of the problem. It indeed did appear that the reference nitrogen manure 

level applied to ploughing directly influences the classification of the 

other techniques according to this manure is lower or higher of the 

optimum. 

If this manure seems to be inferior to the optimum for the encountered 

climatic conditions, superficial work is disfavoured. If this manure has 

been overestimated, superficial work is favoured. 

This brings us to think that, due allowance being made, it appears that 

a nitrogen supplement is desirable when the depth of ploughing is dimi- 

nued below a certain level. 

Ploughing after three years of direct drilling or shallow ploughing gives 

results similar to those of permanent ploughing. Later on, the yields 

come back comparable to those of these same practices realized in the . 
permanent manner. 



111. CONCLUSIONS 

Reducing the depth of ploughing up to shallow ploughing does not affect 

practically the yields level. 

On the other hand, permanent direct drilling does appreciably affect yields of 

sugar beet (- 20 %), fodder maize (whole plant) (- 14 %) and spring barley 

- 12 %). Oat and winter wheat are little sensible to the reduction of soil 

practices whereas horse bean gives a 5 % gain production. 

A supplementary nitrogen dose looks generally beneficial when the work depth 

is reduced below a certain level. 

After eleven years of direct drilling or of continued shallow ploughing, no 

cumulative effect did appear. 
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ABSTRACT 

The physical status of the soil, as  shown by various physical proper- 

ties and by a synthetic " agrophysical index", as well as its relatio- 

nships to crop yields, a r e  discussed, Results from long term field 

experiments with various tillage, crop rotation,and fertilization 

treatments a r e  presented. 

si e 
Introduction. A research project is in progress in ~omaniayf i73,  

with the aim to  studying changes in soil physical properties under 

intensive management practices, This is a cooperative project, 

involving the Soil Science and Agrfichemistry Institute in Bucharest, , 

as  well as the Cereals and Technical Crops Institute in Fundulea and 

a number of research stations throughout the main agricultural 

areas of the country, Field experiments with a variety of tillage 

systems, crop rotation, and fertilizers are currently conducted in 

these research stations, some d them being 10.. -1Syears old. 

The most significant research stations, field experiments ,and 

treatments are selected to be studied. Field and laboratory analyses 

a r e  carried out to determine infiltration rate, penetrability, bulk 

density, hydraulic conductivity, pore-size distribution, structure, 

dispersion rate,  and other physical properties. A synthetic index 

evaluating the physical status of the soil, called agrophysical index, 

is also calculated; it represents the artihmetic mean of the standar- 

dized values of 10 individual physical properties.16 . . . 32 replicate 

samples a r e  usually being analyzed for each tratment to achieve 



statistical significance of the results. 

Various soils, ranging in texture from coarse sands to heavy clays, 

are studied. In this paper result a r e  reported for only three 

research stations. They are located on deep,loose, permeable soils 

developed on loess : B r Z i l a  ( vermic Chernozem with 20.,. 26 per- 

cent clay) , ~ g r c u l e * t i (  vermic Chernozem with 28 . . . 3 0  percent 

clay), and Fundulea ( typical Leached Chernozem with 32.. .38 per- 

cent clay) . 
Tillage. The continuous disc system shows a somewhat poorer 

physical status in the upper soil layer ,thus indicating a possible 

disadvantage for the present time (figure 1). ~ h i k  same tillage sys- 

tem determines a somewhat better physical status of the lower soil 

layer; a s  such it represents a reserve of non deteriorated soi t  

and indicates an advantage for tke future times. 

Generally speaking the differences between the tillage treatments 

are small a s  far  a s  physical soil properties are concerned. A prac- 

tical consequence is that other criteria, such as costs,fuel consurrQ 

tion, o r  weed control, and not the physical status of the soil,should 

be used to choose the most suitable tiUage system. 

Cultivation traffic compaction. More important are the changes in 

the soil physical properties in the wheel t r a c k  of the tractors used 

for minor tilage and other crop maintenance operations ,although 

such changes a r e  not permanent and disapear with the next ploughing , 

o r  discing. 

Infiltration ra te  (figure 2) is lowered, due to  traffic compaction,in 

a relatively higher degree for the Fundulea,less permeable, soil: 

basic infiltration rate in tracks is only 10 . . . 15% as  compared to  

basic infiltration ra te  out of tracks; for the MZrculeqti soil the figu- 

r e  is 6 0  . . . 65%. An interesting feature is the cross-over of the 

infiltration curve, a possible explanation being the presence,in the 

tractor wheel tracks, of cracks enabling an initial high infiltration 

rate: a s  soon a s  the cracks disapear infiltration ra te  shows a decrease. 
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Crop rotation. There is a clear trend of improvement of the physical 

status of the soil with increasing number of years in the crop rota- 

tion (figure 3 ) .  An exception is the continuous maize treatment, 

with an unexpected good physical status. Lower yidds in this treat- 

ment a r e  probably due to other reasons than ph~s i ca l  properties of 

the soil, such a s  weed control problems. 

Imgprovinq crops. A very good method to  &crease the physical 

status of the soil is to include improving crops in the crop rotation. 

The five years crop rotation in figure 3, which includes alfalfa,is an 

example of this effect. Another example is given in figure 4: follo- 

wing a Lolium multiflorum improving crop, infiltration rate increases 

up to three times when compared to that of the soil where no impro- 

ving crops have been raised, 

Fertilization. The positive effect of adequate fertilization can be seen 

in figures 3 and -1. It might be explained taking into account t h e w e r  

development of the root system in the fertilized treatments. Data re- 

,ported in figure 5, where various yields a r e  due to  different ferti+ 

lezer treatment, underlain such an explanation. 

Mechanisms of physical a ter iorat ion . Data were obtained enabling a 

look insight the processes leading to a deterioration of the soil phy- 

sical status. The process st&s with a worsening of the soil structu- 

r e  and a decrease in the water stable aggregates percentage, A lowe- 

ring of infiltration ra te  follows. Changes in bulk density, macroporo- 

sity, and other properties apear at a later stage (figure 6). 

The deterioration of soil s t ructure  is Bustrated, among other featu- 

r e s ,  by a change in the relative importance of the two main mecha- 

nisms of water stable aggregates formation (figure 7). In the soil 

under forest, with its natural structure, pornus aggregates predomi- 

nate, and the percentage of water stable aggregates decreases with 

increasing bulk densities. On the contrary, in the cultivated soil, 

physically deteriorated,the main aggregate forming process is me- 

chanical pressure and, as such, the percentage of water stable agre- 
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gates increases with increasing bulk densities. Micromorphological- 

investigations, not reported in this paper, confirm this picture. 

Concludinq remarks. There is an important deterioration of the 

physical status of the soil following clearing of forest vegetation. 

Within cultivated soils most.ofsuch deterioration is due to traffic 

compactio d is only temporary, while differences related to tillage + 
systems a re  relatively small. A significant improvement of the soil 

physical status is related to  crop rotation, impoving crops,and 

adequate fertilization. 
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ABSTRACT 

Three d i f f e r e n t  clayey s o i l s  -one, salt-af fected,  v i r g i n ;  
another sa l t -a f fec ted ,  cu l t iva ted  ( r i c e )  ; and a thinl salt- 
f ree ,  cu l t i va t ed  (winter  and summer crops)- belonging to  
a  common area, have comparatively been s tudied.  
Physical  and physicochemical p roper t i es  havebeenanalyzed 
i n  terms of t h e  e f f e c t  of salts and cu l t i va t i on .  

The influence of t e chn ica l  management, crop r o t  at ions  and 

weather condit ions on s o i l  s t ruc tu re  s t a t u s  and develop- 

ment has  been considered by many authors and need not  f u r  

t h e r  comentary. 

Amongst the  s o i l s  which present  spec ia l  i n t e r e s t  f o r  imprc 

ving t h e i r  physica l  c h a r a c t e r i s t i c s  those a f fec ted  by salts 

have t o  be mentioned i n  first place.  Reclamation of  sali- 

ne and/or a l k a l i  s o i l s  deserves p a r t i c u l a r  a t t e n t i o n  i n  

most countr ies .  

In  SW. Spain, t he re  i s  a vas t  zone (140.000 ha) at the  end 

of the  Guadalquivir r i v e r  val ley ,  formerly a lake  and now a 

f l a t ,  colmatated a rea  affected by salts .  Par t  of t h i s  a r e a  

i s  under l a rge  reclamation pro jec t s ,  another  p a r t  i s  cul- 

t i v a t e d  with s a l t - t o l e r a n t  crops ( r i c e )  a n d t h e r e s t  s t i l l  

remains v i r g i n  and a l m o s t  bare.  

General information on t h i s  a rea  can be found i n  Grande 

(3)  - 
The ob jec t  of t h i s  paper i s  t o  present  and d i scuss  tlse main 

d i f fe rences  encountered, a s  a consequence of s a l t s  and c G  

t i v a t i o n ,  i n  physica l  and physicochemical p rope r t i e s  of 

th ree  s o i l s :  two of  them belonging t o  the  above mentio- 

ned a r e a  (one v i r g i n  and the  o the r  cu l t i va t ed )  and  a th i rd  

s i t u a t e d  ou t s ide  the a r e a  but near  i t s  boundary, as de t a i -  

l e d  i n  next paragraph. 



Mater ia l  and methods 

S o i l s .  

Three represen ta t ive  p r o f i l e s  have been chosen, whose d a t a  

a r e  presented here .  The f irst  corresponding t o  a salt-af- 

f ec t ed  v i r g i n  s o i l  ( p r o f i l e  I ) ,  t h e  second t o  a sa l t -a f fec -  

t e d  c u l t i v a t e d  s o i l  ( p r o f i l e  2) and the  t h i r d  t o  a salt-fi?fe 

c u l t i v a t e d  s o i l  ( p r o f i l e  3) . 
S o i l  of p r o f i l e  2 i s  dedicated t o  r i c e  crop. It i s  a typi -  

c a l  solontchak-l ike with s a l i n i t y  much reduced, i n  surface  

horizons,  due t o  c u l t i v a t i o n  p r a c t i c e s .  This  s o i l  i s  main 

ta ined  flooded from begining Apri l  (sowing) t i l l  Septenber 

(harves t  ing) . 
S o i l  of p r o f i l e  3 i s  dedicated t o  winter  (wheat, beet root)  

and summer (cot ton,  sorghum, sunflower) crops, i n  appropia- 

t ed  r o t a t i o n s ,  as normally c u l t i v a t e d  i n  t h e  area; sun f lo  

wer i s  sometimes used as a second crop. Spr inkl ing i r r i g g  

t i o n  i s  opera t ing  dur ing l a t e  sp r ing  and summer. These soils 

are  r e spec t ive ly  considered as t y p i c  hdaquept , '  halaquept 

and t y p i c  pe l loxere r t  according t o  t h e  S o i l  Taxonomy. 

Physica l  and physicochemical methods normally employed i n  

t h i s  Centre have been used. EIechanical analyses have been 

obtained by a chain hydrometer. S a l t s  have been determined 

i n  1 :5 e x t r a c t .  

Resu l t s  and d i scuss ion  

A s  shown by da t a  i n  t a b l e  1, p r o f i l e s  1 and 2 correspond to  

s a l t - a f f e c t e d  s o i l s ,  while p r o f i l e  3 i s  p r a c t i c a l l y  salt--. 

Comparing p r o f i l e s  1 and 2, t h e  f i r s t  ( v i r g i n  s o i l )  presents 

h igher  E C  (5.2 vs .  3 . 5  mmhos/cm, mean values  t o  a depth of 

90 cm) and C1-  and Na+ contents  (21.8 vs .  12.2; 21.2 v s -  

16.0 meq/lOO g).  caC+ and big++ a r e  s t i l l  h igher  (17.8 vs.  

7.2; 14.3 vs .  4.9 meq/100 g) .  

The e f f e c t  of c u l t i v a t i o n  i n  reducing t h e  amount of  salts 

presen t  i s  c l ea r .  This  e f f e c t  i s  more not iceable  i n  s u r f s  

ce horizons,  a s  mentioned l a t e r .  



Table 1 .  EC. so luble  salts, CEC and exchangeable ca t i ons  - 
Pm- b o t h  CE CO~H- CI- 90; U: K* b* b* ~ a '  K* dz 6 
file o &do b d l w  9) cn: ( m d l m 9 )  

Table 2 .  General physica l  p rope r t i e s  

Pro- Oepth Particle size (QB, ,% ) DP Db K COLE 

file ca >.2 -2--02 -02--002 (402 9.w g-u ' wh-' x 10 
-3 2 

Regarding exchangeable ca t ions ,  p r o f i l e  3 d ~ o w s  the highes t  
+ 

capaci ty,  but  Na and K+ a r e  muchlower than i n  p r o f i l e s  1 

and 2 .  Within these,  p r o f i l e  2 shows a h igher  CEC and 
+ ++ 

Na , K+ and ~ a + + + M g  contents .  

Differences can a l so  be found, i n  a given p ro f i l e ,  a t  d i g  

f e r en t  depths.  Thus, i n  p r o f i l e  1, EC,  so luble  ~ 1 -  and 

~ a +  and exchangeable ~ a +  increase  downwards. Onthe o t h e r  
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hand, a c l e a r  d i s t i n c t i o n  can be made between s o i l  and sub 
+ + 

s o i l  wi th  respect  t o  Ca and M ~ + +  contents .  A M a r  p a t  

te rn ,  although with lower values,  i s  observed i n  p r o f i l e  2. 
+ 

Exchangeable N a  a l so  inc reases  with depth. Although da- 
- 

t a  f o r  SOZ i n  p r o f i l e  1 a r e  not included i n  t a b l e  1,  they 

a re  h igher  (30-40 meq/100 g) at 20 cm depth and downwards 

than i n  p r o f i l e  2, due t o  gypsum accumulation i n  these  h o  

r i zons  . 
General physica l  p rope r t i e s  a l so  d i f f e r s  between p r o f i l e s  

and wi th in  p r o f i l e s .  A s  shown i n  t a b l e  2, p a r t i c l e - s i z e  

d i s t r i b u t i o n  i s  not the  same i n  s a l i n e  and nonsaline soils; 

although t h e  three  a r e  very heavy s o i l s ,  the  non-saline 

( p r o f i l e  3 )  i s  l e s s  clayey. No d i f fe rence  i s  found howe- 

- o f i l e s  ve r  between v i r g i n  and cu l t i va t ed  s a l i n e  s o i l s  (p- 

1 and 2 ) .  

Bulk dens i t y  i s  higher  i n  t h e  v i r g i n  s a l i ne  s o i l  than  i n  

s o i l s  under cu&tivat ion,  This  e f f e c t  i s  a l so  detec ted  i n  

the  hydrau l ic  conductivi ty of surface horizons. The coef 

f i c i e n t  of  l i n e a r  e x t e n s i b i l i t y  i n  v i r g i n  s a l i n e  s o i l  i s  

about h a l f  t h a t  of  cu l t i va t ed  s o i l s .  

In f i g .  1 pF curves f o r  s o i l  and subso i l  of the  th ree  p r o  

f i l e s  a r e  presented.  A c l e a r  d i f fe rence  i s  found, a t  low 

pF values,  between v i r g i n  and cu l t i va t ed  s o i l s .  In the  

l a t t e r ,  surface  horizons show higher  values  than subso i l  

horizons, the  opposi te  being the  case i n  the  v i r g i n  s o i l .  

The inf luence  of c u l t i v a t i o n  i n  s a l i n e  s o i l s  a l so  . i s  res-  

ponsible f o r  the  much higher  pF values  of surface l a y e r  i n  

p r o f i l e  2. I n  all cases,  however, pF curve patterns corres 

pond t o  those of very heavy soi ls . .  

Porosi ty,  as shown i n  f i g .  2, a l so  axresponds t o  t h i s  kind 

of s o i l s .  Differences between p r o f i l e s  can e a s i l y  be ob- 

served, p a r t i c u l a r l y  a t  top  horizons. Pore-size d i s t r i b u  

t i o n  f o r  ranges >300, 300-9 and 9-0.2 )un a r e  a l s o  very d i s  - 
t i n c t  f o r  v i r g i n  and cu l t i va t ed  s a l i n e  s o i l s .  

F ina l ly ,  a n  important f a c t  should be mentioned r e l a t i v e  t o  

physicochemical c h a r a c t e r i s t i c s .  Clay f r a c t i o n  i n  p ro f i -  

l e s  1 and 2 mainly a r e  of  i l l i t i c  na ture  while i t  i s  monq 

m o r i l l o n i t i c  i n  p r o f i l e  3. Worli done by Gonzaez e t  61. 

( I ) ,  Gonzsez  y Perez (2) and Moreno e t  al. (4) shows that 

s a l i n e  s o i l s  i n  the  a r e a  s tudied a re  predominantly i l l i t ic .  



Therefore, t h e i r  h igh  COLE values,  mentioned i n  t a b l e  2, 

a re  due t o  salts which hold water and increase  t h e  colume 

around the  mineral l a t t i c e  r a t h e r  than t o  an expandingmcnt 

mor i l l on i t e - l i ke  l a t t i c e  as i n  p r o f i l e  3 .  
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ABSTRACT 

Methods current ly  being used at the University of Reading 
t o  measure s o i l  porosity on t i l l a g e  experiments include: r e l i e f  
metering, moisture desorption, mercury inject ion,  and opt ica l  
measurements a f t e r  polyethylene glycol impregnation. These 
procedures a r e  discussed with reference t o  d i r ec t  d r i l l e d  and 
ploughed treatments on a t i l l a g e  experiment on a clay soi l .  

INTRODUCTION 

So i l  s t ruc tu re  may be defined e i the r  i n  terms of the  shape, 
s i z e  and s p a t i a l  arrangement of individual s o i l  pa r t i c l e s  and 
c lus t e r s  of pa r t i c l e s  (aggregates) o r  i n  terms of porosity and 
pore s i z e  dis t r ibut ion.  The importance of s o i l  s t ruc tu re  l i e s  
i n  the nature and s t a b i l i t y  of the  pore system between and within 
the s t ruc tu ra l  units. A continuous s t ab l e  system is es sen t i a l  t o  
f e r t i l i t y  and the avoidance of physical s t r e s s e s  associated with 
inadequate water or  a i r ,  res i s tance  t o  root  penetration and 
unfavcurable temperature. 

I n  t h i s  paper we a i m  t o  present d e t a i l  of procedures i n  use 
t o  describe the coarse and f i n e  pore systems of .zqg?icultural 
so i l s ,  emphasising the r e s u l t s  obtained with data from t i l l a g e  
experiments. 

MATERIALS AND MZTHODS 

A major problem with a study of t h i s  kind r e l a t e s  t o  s o i l  
var iab i l i ty .  A number of s o i l s  have been s tudied but the  s o i l  
reported on here is the Denchworth s e r i e s  developed on Gault 
clay, 

Pore s i z e  d i s t r ibu t ion  of s o i l s  has usually been obtained from 
the re la t ionsh ip  between moisture content and suction. However, i n  
the  case of c lay s o i l s  which shrink on drying, the moisture content- 
suction desorption isotherm does not r e f l e c t  t he  t r u e  pore s i z e  
d i s t r i bu t ion  of the or ig ina l  sa turated sample. Water re lease  
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being due t o  pore collapse ra ther  than pore emptying. Swelling 
data used i n  t h i s  paper were obtained on natural  aggregates a t  
suctions of ,  pF 1,  2, 3, 4, 4.2, 4.7, 5.2 and 7 using the  saran 
r e s in  method, Fie ld  moisture contents were found by neutron 
moisture metero 

The use of broad and simple c lass i f ica t ions  of s o i l  pore 
s i ze s  i n  terms of suct ioa  is d i f f i cu l t .  I n  t h i s  paper, pores 
down t o  10 pm a re  cal led coarse pores (transmission) and those 
below t h i s  f i ne  pores (storage). 

Coarse Pores:- 
The s o i l  pores created o r  modified by cu l t iva t ion  a r e  the  

corase pores and changes i n  these have been followed by r e l i e f  
metering on d i rec t  d r i l l e d  and ploughed treatments. Pore s i z e  
d i s t r ibu t ions  down t o  10 pm have been obtained from water content 
suction curves, i n  a range of suction where shrinkage is negligible. 

An op t ica l  procedure based on the  sectioning and photographing 
of s o i l  cores impregnated wet, with polyethylene glycol 6000 (P.E.G) 
has been developed. Some detai lsof  t h i s  procedure a r e  given below. 

S o i l  samples previously brought t o  equilibrium on a sand 
tab le  (50-100cm) s ~ c t i o n ,  a re  placed i n  solut ions  of increasing 
P.E.G. concentrations. The solut ions  contain a fluorescent dye 
(Pyranine). I n  our s tudies ,  4 hours i n  10 and 25 percent solutions,  
followed by 12 hours i n  a 50 percent solut ion ( a t  a temperature of 
65'~) and 24-36 hours i n  pure wax a t  7 0 ' ~  gives a sa t i s fac tory  
impregnation. A l i g h t  vacuum can a s s i s t .  The "thick1' sect ions  
obtained a f t e r  surface grinding of the  cores a r e  photographed fo r  
3 minutes under u l t ra -vo i le t  l i g h t  (254 nm) on black and white 
film ra ted  a t  125ASA. A Wratten 15 f i l t e r  minimizes the  e f f ec t  
of s t r a y  l i g h t ,  The porosity is then assessed using an image 
analyser (Quantimet). Thin sections can a l so  be made, 

Fine Pores:- 
The volume of f i ne  pores can be determined by subtracting 

the  a i r  f i l l e d  porosity obtained a t  a suction of IOOcm (pF2), 
from the t o t a l  porosity. It is possible t o  allow fo r  the  e f fec t  
of shrinkage by assuming isotropic  normal shrinkage. 

The f i ne  pores can &so be s ized using desorption o r  in jec t ion  
of non-polar l i qu ids  such a s  mercury, i n  which case it is necess- 
ary  t o  dry the  sample (usually an aggregate), without disturbing 
the pore s i z e  dis t r ibut ion.  C r i t i c a l  point drying seems 
sat isfactory.  After drying, however, i n  the  s o i l s  examined only 
l imited volumes of pores i n  the  "available water" range have been 
measured by porosimetry. I n  the  present paper comparisons between 
r e s u l t s  obtained using the  d i f fe ren t  procedures a r e  made. 

RESULTS AND DISCUSSION 

Coarse Pores:- 
Relief Metering:- Graphs were drawn (Figures l a  and l b )  fo r  
changes i n  thickness of s o i l  l ayers  (0.3 - 1.5rnlr on both ploughed 
and d i r ec t  d r i l l e d  treatments, f o r  the  two years 1976-1977- 
Superimposed on these graphs a r e  the  c d c u l a t e d  changes due t o  
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Figure la Figure I b  

swelling, The lowest l e v e l  of the  s o i l  surface, coincided i n  time 
with the lowest moisture content, and these points were made t o  
coincide on the  graphs t o  f a c i l i t a t e  comparisons, The agreement 
between calculated and measured movement is excellent f o r  the  
subsoil ;  the  calculated maximum change'in thickness of 50mm agreed 
with t he  r e l i e f  meter measurement. The r e s u l t s  f o r  the  subsoi l  of 
the  d i rec t  d r i l l  p lo t s  (Fig l b )  show a poorer f i t .  There is 
evidence fo r  1976 (Fig 2a) of the existence of more coarse pores 
i n  the  direct d r i l l e d  subsoil  which could be water f i l l e d ,  
contributing nothing t o  swelling ye t  giving higher readings on 
thebeutron moisture meter. It is in te res t ing  t o  note the wide 
divergence i n  t he  neutron moisture meter readings i n  the  dry 
season 1975/76 (Fig 2a) and the coarse pores 050p.111) on the  
ploughed treatment. This r e su l t  would indicate  the more rapid 
drying of the ploughed s o i l  t o  plough depth (20-25cm). 

Figure 2a Figure 2b 

I n  19'77 (Fig 2b), while there  is evidence for  l a rge r  coarse 
porosity on the  d i r ec t  d r i l l e d  plot ,  below ycm, moisture l e v e l s  
as determined by the  neutron moisture meter a r e  lower, and the  
difference between the measured and calculated swelling d i f f e r  
markedly. 

The res idual  s o i l  movement ( a f t e r  adjustment f o r  changes in 
moisture content, 3:l) of the  surface s o i l  (0-3Ocm) and subsoi l  
(30-150cm) of both d i rec t  d r i l l e d  and ploughed a r e  plot ted in 
Figure 3, The surface s o i l  shows la rge  expansion during the  
winter, not d i r ec t ly  re la ted  t o  water content; it coincided with 
frost .  I n  t he  winter of 1976 f r o s t  penetrated about 5cm, as shown 
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by thermistor records on these plots. With a water content of 50mm 
i n  the  surface 0-100mm s o i l  layer,  t h i s  could give an expansion of 
2.5mm overal l ,  perhaps en t i r e ly  upwards. The measured expansion not 
due t o  water w a s  18m, indicat ing considerable migration of water 
i n t o  the  surface s o i l ,  The collapse of the s o i l  t o  its or ig ina l  
s t a t e  a f t e r  "f rost  heave" took several  months, 

From February t o  June i n  1977, the  d i rec t  d r i l l e d  s o i l  
(0-30cm) e f fec t ive ly  changed i n  bulk density from 1.05 t o  1.06 g/cc, 
with t o t a l  porosity changing from 58-8 t o  58.4%- The bulk density 
Gf the  ploughed s o i l  changed from 1.02 t o  1.06 g/cc and t o t a l  
porosi t ies  from 60.0 t o  58.4% over the  same period. 

Optical Studies:- Date from t h i s  a s p c t  of the  study w i l l  be 
presented a t  t he  Conference. 

Fine Pores:- 
In  Fi,gure 4 r e s u l t s  obtained from s o i l  cores and for  individual 

s o i l  aggregates f o r  bulk density, percentage of pore volume l e s s  
than 10 pm ( f ine  pores), and f o r  t o t a l  p r o s i t y  a r e  presented. 
The r e s u l t s  fo r  the  s o i l  cores were obtained using moisture 
desorption procedures and fo r  the  s o i l  aggregates using mercury 
porosimetry on c r i t i c a l  point dried samples (pF4.2) and on oven 
dried samples (pF7.0). 

Figure 4 
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The data is presented t o  emphasise the  care needed i n  
in te rpre t ing  s o i l  porosity and pore size d i s t r ibu t ion  data. 
Other s t ud i e s  on t h i s  s o i l  have indicated t h a t  s o i l  aggregates 
(0-10cm) have y/ of t h e i r  volume occupied by coarse pores which 
a r e  l o s t  on c r i t i c a l  point drying, we a l s o  know t h a t  s o i l  cores 
have around 1yh of t h e i r  volume as coarse pores. Thus i f  we add 
these f igures  t o  the  t o t a l  porosi t ies  shown f o r  the  0-lOcm re su l t s ,  
fo r  aggregates c r i t i c a l  point dried t o  pF4.2, we increase the  
porosity f igure  from 41 t o  5%, which is close  t o  t h a t  obtained 
using moisture desor?tion (60%). 

We have already seen i n  Figure 2b, t ha t  when we have an 
increase i n  coarse pores the  .swellinX/shrinkage data does not 
r e l a t e  well t o  t he  changes i n  the  moisture content i n  t he  f ie ld .  
How can t h i s  information be extrapolated t o  individual s o i l  
aggregates? 

While it is not easy t o  measure the  f i n e  pores i n  a clay s o i l ,  
some estimate must be obtained fo r  each s o i l  i n  each t i l l a g e  
experiment. Our s tud ies  have indicated d i f f i c u l t i e s  i n  the  
in te rpre ta t ion  of data f o r  the  f i n e  pores and coarse pores and when 
t h i s  is placed i n  t he  context of s o i l  v a r i a b i l i t y  some rational-  
i s i n e  needs t o  be done. The question we pose is: What is the  
minimum s o i l  porosity information needed t o  character ise  our 
arable  so i l s ?  
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ABSTRACT 
Aggregation measured by size distribution and water stability, and 
strength measured by penetrometer were studied under different til- 
lage and cropping systems. Soil aggregates less than 5 mm in size 
favoured growth of corn (Zea mays L) on a we1 I-drained si 1 t loam 
soil in Ontario, Canada. Fall moldboard plowing plus 4 spring sec- 
ondary tillage operations gave higher corn yields than either fall 
chisel plow or no-tillage. Resistance to penetration was lowest on 
moldboard plowing, intermediate on chisel plowing, and highest on 
no-tillage. A survey of aggregate size fraction and stability on 
farmers' fields showed less variability when forages were included 
in rotations with row crops than when row crops were grown continu- 
ously but no consistent effect of amount of secondary tillage on 
aggregate size or stability was found. 

Tillage is an important component of soil management for crop pro- 
duction in Ontario agriculture. With a trend toward monoculture and 
continuous row cropping in rotations which do not include forage 
crops, farmers are showing greater concern for tillage methods. This 
concern ranges from a tendency toward more intense and more sophis- 
ticated tillage on the one hand to the elimination of tillage on the 
other hand. We have experimented with no-tillage which is an advan- 
tage in erosion control, but is a practice which results in inferior 
crop yields particularly on finer-textured soils (Ketcheson 1977). - 
 he purpose of this paper is to review some effects of tillage on 
aggregate size distribution and soil strength as an indicator of crop 
performance in Ontario soils. 

Soil strength for the purpose of this paper is taken as the resis- 
tance of the soil to penetration. Corn root elongation in an Ontario 
soil was shown to be markedly reduced as soil strength was increased 
by increasing bulk density or moisture tension (Mirreh G Ketcheson 
1973). Strength in field soil appears to be reduced by primary til- 
lage such as moldboard plowing (Ketcheson 1976). 

Good aggregation in a soil favours germination and growth of plants 
by maintaining proper contact between soil and seed while controlling 
air and moisture in a favourable range. It may also reduce soil 
strength and promote unimpeded root development. The size-distri- 
bution of aggregates constituting the most favourable tilth is not 
well documented however. Taylor (1974) suggested.a major portion of 
the aggregates should be in the neighborhood of 2 mm diameter for an 
East African Vertisol. Generally the size is given as less than 5 



mm diameter. Corn for th  (1968) found greater  r o o t  dens i t y  i n  a s o i l  
w i t h  the  smal ler-s ized aggregates. Aggregates less  than 0.5 mm on the  
o ther  hand, may n o t  g i v e  adequate-sized pores f o r  proper dra inage and 
r o o t  development ( ~ a v i s  1972). Barley and Greacean (1967) s t a t e  the re  
i s  no simple r e l a t i o n s h i p  between dens i t y  and st rength.  

There has been l i t t l e  work i n  e s t a b l i s h i n g  recommendations f o r  aggre- 
gate s ize,  dens i t y  o r  s t reng th  parameters f o r  Ontar io  s o i l s .  Th is  
paper considers some measurements made on these s o i l s .  
MATERIALS AN0 METHODS 
So i l s :  The s o i l s  o f  Ontar io  a r e  i n  the  S t .  Lawrence Lowland group of 
Canadian S o i l s  and cons is t  o f  Luv iso ls ,  Brunisols,  Podzols, Gleysols 
and Organic s o i  1s  a aver die re and Marte l ,  1978). They have developed 
on g l a c i a l  t i l l ,  f l u v i o g l a c i a l  and g lac iomar ine deposi ts .  Textures 
range from c l a y  to_sand. I n  general,  dra inage and t i l t h  can be a 
problem w i t h  the  f i n e r - t e x t u r e d  mater ia ls ,  erosion on the  more r o l l i n g  
medium-textured s o i l s ,  and moisture and f e r t i l i t y  d e f i c i e n c i e s  a f fec t  
the  coarser- textured s o i l s .  Our t i l l a g e  s tud ies  a r e  c a r r i e d  o u t  main- 
l y  on representa t ives  o f  t he  medium t o  f i ne - tex tu red  group which have 
monocul t u r e  o r  continuous row cropping p rac t i ces  (Vyn e t  a l .  1979). 

Size d i s t r i b u t i o n  o f  aggregates: S o i l  samples (approximately 1 k i l o -  
gram per sample) were a i r - d r i e d  a t  35 C and separated w i t h  g e n t l e  
a g i t a t i o n  i n t o  aggregate s i z e  f r a c t i o n s  on a nest o f  sieves w i t h  25, 
8, 5, 2, 1 and 0.3 mm openings. Resul ts  a r e  expressed as the  percen- 
tage each f r a c t i o n  bears t o  the  t o t a l  sample. 

Wet aggregate s t a b i l i t y :  Samples o f  t he  1-2 mm f r a c t i o n  were a g i -  
t a ted  a t  40 cyc les  per minute f o r  10 minutes on a nest  of 0.25 and 1 
mm sieves i n  a water ba th  a t  room temperature. The aggregates re-  
maining on the  two sieves were combined f o r  d ry ing  and weighing f o l -  
lowed by d i spe rs ing  t o  determine any pr imary p a r t i c l e s  > 0.25 mm fo r  
subt rac t ion .  The weight o f  aggregated mate r ia l  remaining water- 
s t a b l e  a f t e r  t he  wet s iev ing  i s  expressed as a percentage o f  t he  o r i -  
g i n a l  1-2 mm f r a c t i o n .  

Strength: Resistance t o  pene t ra t i on  was determined i n  s i t u  w i t h  a 
S o i l  Test model CN974 Penetrometer (30° cone po in t ;  3.14 cm2 cross- 
sec t i ona l  area) pressed s low ly  i n t o  s o i l  t o  a depth o f  5 cm. Resis- 
tance t o  pene t ra t i on  i s  expressed as bars. A S o i l  Test Model NIC-5- 
TOM surface gauge was used w i t h  f a c t o r y  c a l i b r a t i o n  f o r  i n  s i t u  den- 
s i t y  and mois ture  determinat ions. 
EXPERIMENTAL RESULTS 

T i 1  lage treatments f o r  corn p l a n t e r  performance study (Vyn 
1978) . 

Secondary t i l l a g e  f o r  seed bed prepara t ion  d i d  not  s i g n i f i c a n t l y  i n -  
f l uence  u n i f o r m i t y  o f  emergence o f  corn, spacing o r  p l a n t  populat ion,  
a l though i t  d i d  a l t e r  the  p ropor t i on  o f  aggregates < 5 mm and s o i l  
re1 i e f  (Table 1 ) .  Whi le i t  was expected t h a t  some e f f e c t  might re-  
s u l t ,  i t  appears t h e  range o f  aggregate f ineness and sur face r e l i e f  
r e s u l t i n g  from these t i l l a g e  treatments was w i t h i n  the  optimum range 
fo r  corn germinat ion and emergence on t h i s  s o i l .  



Table 1 .  E f f e c t  o f  secondary t i l l a g e  treatment on the  aggregate s i z e  
d i s t r i b u t i o n  and r e l i e f  o f  a s i l t  loam s o i l .  

Propor t ion  o f  S o i l  re1 i e f  
T i l l a g e  Treatment 

aggregates < 5 mm s D++ 
(%I (cm) 

1. C u l t i v a t o r  (1 pass) 44.1 c+ 10.6 a 
2. No. 1 & c u l t i v a t o r  and spike-  

toothed harrow 53.9 b 6.8 b 
3. No. 2 E P Z  crumbler 65.6 a 3.2 c 
4. No. 2 & Amazone rec ip roca t i ng  

harrow 66.7 a 4.2 c 

+ Values n o t  fo l lowed by the  same l e t t e r  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
a t  P = 0.05 by Duncan's M u l t i p l e  Range Test.  

++ Standard d e v i a t i o n  o f  s o i l  he igh t  measurements. 
P lan t  he igh t  40 days a f t e r  p l a n t i n g  was in f luenced by t i l l a g e  and the  
r e s u l t i n g  aggregat ion i n  the  s o i l  (Fig. 1 ) .  Reight  was d i r e c t l y  pro- 
p o r t i o n a t e  t o  the  amount o f  aggregates < 5 mm. The lower l i m i t  of 
aggregate s i z e  was no t  determined i n  t h i s  experiment, bu t  i t  apparen- 
t l y  was no t  small enough t o  c o n s t i t u t e  a ser ious de t r imenta l  con- 
d i t i o n  f o r  e i t h e r  germinat ion o r  subsequent growth. The study con- 
t inued t o  determine parameters such as l e a f  number and y i e l d  bo th  o f  
which were p o s i t i v e l y  c o r r e l a t e d w i t h  t h e  percentage of aggregates 
< 5 mm. 

F igure  1 .  Regression o f  p l a n t  
he igh t  on the  p ropo r t i on  
o f  s o i l  aggregates (by 
weight) ,  < 5 mm i n  d ia -  
meter, f o r  corn grown i n  
f o u r  seedbeds ( r  = 0.96, 
s i g n i f i c a n t  a t  P = 0.01). '  
(E lo ra  Research S ta t i on ,  
1976 - Vyn, 1978). 

40 50 60 70 
AGGREGATES < 5mm (%) 

A second experiment considered a wider range o f  pr imary and second- 
a ry  t i l l a g e  implements. F a l l  c h i s e l  plowing w i thou t  secondary t i l -  
lage'gave the lowest percentage aggregates < 5 mm (Table 2 )  sug- 
ges t ing  t h a t  t h i s  implement may c rea te  l a r g e r  aggregates than o the r  , 

methods which i n  t u r n  depend more on subsequent t i l l a g e  t o  reduce 
t h e i r  s ize .  Bulk d e n s i t i e s  do no t  correspond t o  aggregate s i z e  as 
shown i n  t h i s  same Table, a l though there  i s  a tendency f o r  f i n e r  
aggregates t o  g i v e  a lower b u l k  dens i t y .  I n  t h i s  experiment f i n e r  
aggregates reduced the  t ime t o  emergence by about one day b u t  d i d  
not  a f f e c t  un i fo rm i t y  of emergence. P lan t  he igh t ,  number o f  leaves 
and g r a i n  y i e l d  were favoured by secondary t i l l a g e  treatments which 
produced greater  percentages o f  aggregates < 5 mm (F ig.  2) .  



Table 2. Effect of tillage treatment on the proportion of fine ag- 
gregates and on bulk density of soil. 

Proportion of Ti 1 lage Treatment Bulk 
aggregates < 5 mm Densi3y 

(%I  (g/cm 

Zero tillage 21.0 bc+ 1.32 a+ 
Spring moldboard plow 29.9 abc 1.12 c 
Spring moldboard plow, disc, harrow 37-3 a 1.14 c 
Fall moldboard plow 29.9 abc 1.30 ab 
Fall moldboard plow, disc, harrow 39.9 a 1.17 bc 
Offset disc (spring) 39.3 a 1.13 c 
Fall chisel plow (sweeps) 17.6 c 1.28 ab 
Fall chisel plow (sweeps), disc, 

harrow 30.5 abc 1.14 c 
Fall chisel plow (shovels), disc, 

harrow 33.0 ab 1.14 c 

+ Values followed by the same letter are not significantly different 
at the 0.05 level by Duncan's Multiple Range Test. 
Variation among treatments significant at P = 0.05 in first column 
Variation among treatments significant at P = 0.01 in second column 

AGGREGATES < 5mm (%) 

Figure 2. Regression of mean plant height at day 35 on the proportion 
of soil aggregates (by weight), < 5 mm in diameter, for corn 
grown with nine tillage treatments (r = 0.51, significant at 
P = 0.01). (Elora Research Station, 1976 - Vyn, 1978). 



Effects of tillage on soil bulk density and resistance to penetration- 
Elora Research Station. 

Table 3 illustrates how strength .in a silt loam soil can vary indepen- 
dant of density. While soil moisture reduction can increase strength 
at a given bulk density (Mirreh and Ketcheson 1973), moisture was not 
considered to vary sufficiently in this study to account for the vari- 
ation found in soil strength. Moldboard plowing initially produced 
a lower bulk density than other primary tillage treatments. Resis- 
tance to penetration varied relatively more than density, with higher 
values in May than in June or July. An exception to this trend occur- 
red with no-tillage where the highest density and resistance was 
found in June.Whensoils were divided into tilled and non-tilled, 
there appeared to be a positive linear relation between bulk density 
and resistance to penetration as indicated by the regression equations. 

Table 3. Relationship of soil bulk density and resistance to pene- 
tration with yield of grain corn under different tillage 
treatments. Elora Research Station 1977. 

Ti 1 lage Treatment Bulk Resistance 
to 

Primary Secondary ~ensit~l penetration1 Moisture Yield 
g/cc bar g/cc t/ha 

Fall mold- 2passes 1.06 1.61 0.22 5.8 
board plow 

4 passes 1.04 1.29 0.22 6.1 

Fa1 1 chisel 2 passes 1.03 1.85 0.24 5.3 
plow 

4 passes 1.05 1.59 0.25 5.6 

none none 1.08 3.38 0.25 5.3 

2 passes 1.02 1.74 0.25 5.6 

Measurement date 
Ti 1 led Mav 1 .06 - 

June 1.04 1.44 
July 1 .OO 1 .41 0.26 

Y(Resistance to penetration) = 8.5X(Bulk density) - 7.2 

Non-tilled May 1.07 2.93 0.24 
June 1.13 4.47 0.22 
July 1.05 2.73 0.28 

Y = 22.6X - 21.2 
1 Tillage treatment and date interactions statistically significant 
at P = 0.01. 

Survey of tillage practices on Farm fields, 1978. 
O f  some 32 individual farm fields surveyed for tillage practices, 
farmers used two to six secondary tillage operations following 
primary tillage to prepare seed beds (Table 4) .  Except for a pos- 
sible decline in water-stable aggregates for soils without forages, 
therewas little apparent effect on these fine-textured soils of the 
number of secondary tillage operations on the proportion of certain 
sizes of aggregates or aggregate stability. Therewas greater varia- 
bility among soils without forage, as shown by the standard devia- 
tions. Thus it was difficult to identify a parameter in this 
survey which reflected current tillage practice. We plan to 
study these and other parameters in more detail in an effort to 
identify tillage needs more precisely. 



Table 4. Range i n  aggregate s i z e  d i s t r i b u t i o n  and s t a b i l i t y  f o r  
d i f f e r e n t  amounts o f  spr ing  secondary t i l l a g e  f o l l o w i n g  f a l l  
plowing f o r  corn grown on f i ne - tex tu red  s o i l  w i t h  o r  w i thou t  
forages i n  r o t a t  ion. 

Number o f  Aggregate Size F rac t i on  Water-Stab1 e 
Secondary 50-300 urn 1-2 mm 

Aggregates 
T i  1 lage <50 um 20.2 mm 

- - - - - - - pe rcen t -a l l  f ract ions--- - - - - -  percent 

Without 2 5.6 (7 .5) l  14.2 (22.8) 15.7 (12.1) 52.6 (19.6) 
forages 3 1 ( 4  1.5 ( 6 25.1 ( 4.0) 49.7 (11.3) 

4 7 - 6  4.3 10.3 32-9 

With 2 2.2 (1.0) 1.2 ( 0.5) 20.2 ( 0.5) 45.0 (10.2) 
forages 3 4.6 (2.7) 2 ( 1 . 7  17.0 ( 4.7) 44.7 ( 7.4) 

4 2.9 (2.0) 2.1 ( 0.9) 19.6 ( 6.3) 49.2 ( 9.9) 
5 3.5 (0.0) 2.4 ( 0.7) 23.3 ( 2.8) 52-0  ( 4.0) 

Numbers i n  brackets a re  Standard Deviat ions based on two o r  more 
farms i n  each category. Where no S.D. i s  given, there  was o n l y  one 
farm represented. 
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The e f f ec t  o f  s t r a i n  ra te  on s o i l  mechanical propert ies 
per t inent  t o  t i l l a g e  implement performance 

I I 

J.V. Staf ford 
National I n s t i t u t e  o f  Agr icu l tu ra l  Engineering, 
Wrest Park, Silsoe, Bedfordshire, U.K. 

Abstract 

T i l lage implement performance may be predicted under quasi- 
s t a t i c  condit ions w i th  reasonable accuracy. This paper considers 
the  p o s s i b i l i t y  o f  p red ic t ing  the e f f ec t  o f  speed on performance by 
considering the e f f ec t  o f  s t r a i n  r a t e  on relevant s o i l  propert ies. 
Predict ion o f  the  forces on an implement i s  shown t o  be achievable. 

In t roduct ion 

Timeliness o f  c u l t i v a t i o n  operations has been given more and 
more emphasis over recent years. This has meant t ha t  the gradual 
increase i n  c u l t i v a t i o n  speed tha t  has been eviderlt f o r  many years 
has continued and, indeed, accelerated. Increased c u l t i v a t i o n  
speeds r e s u l t  i n  a change i n  the qua l i t y  o f  work as we l l  as a change 
i n  power requirement. Knowledge o f  the e f f ec t  o f  speed i s  required 
so tha t  the qua l i t y  o f  work can be cont ro l led and so tha t  the spec- 
i f i c  power requirement can be kept w i th in  the capab i l i t y  o f  avai lable 
machinery. 

There have been very few invest igat ions on the e f f ec t  of speed 
on implement performance, although work was carr ied out by Soehne 
and Moller (1) on the design o f  mould-boards fo r  high speed oper- 
at ion. They concentrated on the kinematics o f  s o i l  movement over 
the mouldboard and d id  not consider the e f f e c t  o f  speed on cu t t i ng  
forces. - Several workers have demonstrated tha t  draught force 
invar iab ly  increases wi th  speed but there appears t o  be a lack o f  
agreement between the various resu l ts .  With mouldboard ploughs, 
the re la t ionsh ip  between draught force and speed i s  general ly o f  
square-law form (1) but  f o r  t i nes  the re la t ionship var ies between 
square-law and the inverse (2). Recently, Staf ford (3) has shown 
tha t  the type o f  re la t ionsh ip  depends on the s o i l  moisture content 
and has been able t o  reconci le apparent contradict ions i n  some o f  
the previous work. 

Even less work has been reported on the  e f f e c t  o f  speed on s o i l  
f a i l u r e  patterns caused by t i ned  implements. There are two 
phenomena t o  be considered; the e f f e c t  o f  speed on the nature o f  
f a i l u r e  pat tern formed and on the degree o f  pulver isat ion.  
Wilton ( 4 )  examined the e f f ec t  o f  t i n e  speed on the shatter ing o f  
unsupported clods and found t h a t  the  ar i thmet ic  mean s ize o f  frag- 
ments decreased wi th  speed. Olson and Weber (5) observed, i n  
s o i l  tank experiments, t h a t  the zone o f  f a i l u r e  increased as speed 
was increased from 0.2-1.1 m/s and tha t  s o i l  shatter also increased. 
Simi lar  observations were made by Staf ford (3) i n  both sandy c lay  
loam and c lay  so i l s .  A t  higher speeds (5  m/s), c l ea r l y  defined 
f a i l u r e  zones were not formed but  there was a high degree o f  
pu lver isat ion o f  s o i l  i n  f ron t  o f  the t ine.  



I n  c o n s i d e r i n g  t h e  performance o f  implements w i t h  r e s p e c t  t o  
s p e e d ,  t h e  i d e a l  t o  aim f o r  is a p r e d i c t i v e  model which c a n  be  
used  t o  a i d  implement d e s i g n  and i n d i c a t e  t h e  range  o f  performance 
t o  be e x p e c t e d  under  g i v e n  s o i l  c o n d i t i o n s .  T h i s  paper  b r i e f l y  
r e p o r t s  some measurements o f  t i n e  performance bo th  i n  a s o i l  t a n k  
and i n  t h e  f i e l d  and t h e n  c o n s i d e r s  t h e  r o l e  o f  some s o i l  p roper -  
t i e s  on t i n e  performance and t h e  p o s s i b i l i t y  o f  e s t a b l i s h i n g  a 
p r e d i c t i v e  model. 

Tine  Performance 

Measurements o f  t h e  d r a u g h t  f o r c e  due t o  a r i g i d  t i n e  of 40 mm 
width  working a t  150 mm d e p t h  were made i n  sandy c l a y  loam and c l a y  
s o i l s  i n  a s o i l  t a n k  ( 6 )  up t o  a speed o f  5 m / s  and a t  s e v e r a l  
s o i l  m o i s t u r e  c o n t e n t s .  The v a r i a t i o n  o f  d r a u g h t  w i t ;  speed  a t  
s e v e r a l  m o i s t u r e  c o n t e n t s  is shown i n  Fig.  1 f o r  a 90 r a k e  a n g l e  
t i n e .  The d raugh t / speed  c u r v e  was one  o f  two t y p e s ,  dependent  on 
w h e t h e r  m o i s t u r e  c o n t e n t  was h igh  s o  t h a t  s o i l  f a i l u r e  was by 
p l a s t i c  d e f o r m a t i o n  o r  low s o  t h a t  i t  was o f  a b r i t t l e  n a t u r e .  
For b o t h  s o i l s ,  t h e  t r a n s i t i o n  between t h e  two t y p e s  o c c u r r e d  n e a r  
t o  t h e  drop-cone p l a s t i c  l i m i t  (7) o f  t h e  s o i l .  The i n t e r c e p t  o f  
t h e  f i t t e d  c u r v e  on t h e  f o r c e  a x i s  ( ' d r a u g h t  f o r c e  a t  z e r o  s p e e d ' )  
c o u l d  be p r e d i c t e d  w i t h  r e a s o n a b l e  a c c u r a c y ,  p a r t i c u l a r l y  a t  low 
m o i s t u r e  c o n t e n t s ,  by t h e  p r e d i c t i v e  model f o r  s o i l  c u t t i n g  f o r c e s  
proposed by H e t t i a r a t c h i  e t  a 1  (8). The c a l c u l a t e d  f o r c e s  a r e  
i n d i c a t e d  by a r r o w s  on t h e  a x e s  on Fig .  1. 

a. Sandy  clay loam I 

Fig.?. Draught/speed characteristics in soil tank 



The performance of t h e  same t i n e s  a s  used i n  t h e  s o i l  t a n k  
exper iments  was a s s e s s e d  i n  t h e  f i e l d  i n  terms o f  d r a u g h t  f o r c e  
and s o i l  d i s t u r b a n c e  i n  a wide r a n g e  o f  s o i l  t y p e s  and c o n d i t i o n s .  
R e p r e s e n t a t i v e  examples o f  t h e  d r a u g h t  fo rce / speed  r e l a t i o n s h i p s  
are shown i n  Fig.  2. S c a t t e r  i n  t h e  e x p e r i m e n t a l  p o i n t s  res- 
t r i c t e d  t h e  c h o i c e  of c u r v e  f i t  t o  l i n e a r  r e g r e s s i o n  e x c e p t  i n  a 
few c a s e s  (such a s  Fig. Za, 45' t i n e ) .  Without e x c e p t i o n ,  
d r a u g h t  i n c r e a s e d  w i t h  speed ,  t h e  rate v a r y i n g  from 0.15 t o  
0.8 kN p e r  m/s .  I n  most c a s e s ,  t h e  i n c r e a s e  i n  d r a u g h t  was 
shown t o  be  accompanied by a n  i n c r e a s e  i n  c r o s s - s e c t i o n a l  a r e a  
o f  t h e  fu r rows  formed by t h e  t i n e s  s o  t h a t  s p e c i f i c  d r a u g h t  was 
a lmos t  c o n s t a n t  wi th  speed.  S c a t t e r  i n  t h e  r e s u l t s  p rec luded  
a d e t a i l e d  comparison wi th  t h e  s o i l  t a n k  r e s u l t s  b u t ,  under  
similar c o n d i t i o n s ,  d r a u g h t  l e v e l s  were s i m i l a r .  

Tine rake angle . 
.45".900 

a. Sandy clay loam 75 % sand 
moisture content 11.5% 

b. Sandy clay loam 56%ssnd 
moisture content 14.8 ?4 

' 1  c. Clay 51% clay 
moisture content 35% I 

O- 0 2 3 4 
Speed. m/s 

Fig.2. Draught /speed characteristics in field 



The e f f ec t  o f  s t r a i n  r a t e  on per t inent  s o i l  propert ies. 

Observations o f  the e f f ec t  o f  speed on s o i l  rupture have shown 
tha t  a very d i f f e r e n t  t i l t h  w i l l  be obtained a t  low speed tha t  a t  
h igh and tha t  the increase i n  force w i th  speed var ies wi th  moisture 
content. U n t i l  recent ly,  i t  has been assumed tha t  s o i l  i n e r t i a  
accounts f o r  the increase o f  draught w i th  speed, p a r t i c u l a r l y  f o r  
mouldboard ploughs, although Rowe and Barnes ( 9 )  indicated tha t  
the increase i n  shear strength wi th  s t r a i n  r a t e  was a major cause. 
It has, however, been shown (10) t ha t  i n e r t i a  forces w i th  t ined  
implements are negl ig ib le .  

S o i l  behaviour i n  f r on t  o f  a t i n e  moving so slowly t ha t  s t r a i n  
r a t e  e f f ec t s  are negl ig ib le ,  can be explained i n  terms o f  the s o i l  
cu t t i ng  model o f  Het t ia ra tch i  e t  a1 (8). An analysis o f  the 
model as applied t o  the resu l t s  i n  the previous sect ion showed tha t  
the shear strength term was the dominant component, accounting f o r  
90% or more o f  the draught force. The p red ic t i ve  equation f o r  
draught force (F) can therefore be reduced t o  a form: 

F = a c exp (b t a n v )  s i n  ( a  c 6 )  

where a, b and aa re  constants for  a given t ine ,  c and .vare  shear 
strength parameters and 6 i s  the soil-implement f r i c t i o n  angle. 
From t h i s  equation, i t  may be deduced tha t  the e f f ec t  o f  speed on 
draught must be due t o  c, and 6 being s t ra in- ra te  dependant. 
From the  l i t e r a t u r e ,  i t  i s  known tha t  c and 6 do vary w i th  s t r a i n  
ra te  and some o f  the avai lab le  data has been surveyed (3). A 
c lear p ic tu re  o f  the e f f ec t  o f  s t r a i n  r a t e  does not, however, 
emerge and so an inves t iga t ion  i s  being undertaken using a min- 
i a t u r e  t o r s iona l  shear annulus mounted on a high speed drive. 

An example o f  the e f f ec t  o f  s t r a i n  r a t e  on cohesion and s o i l /  
metal f r i c t i o n  i s  shown i n  Fig. 3a and b. The c lay  (a t  38:; 
moisture content) i s  the same as tha t  used i n  the t i n e  experi- 
ments. Cohesion increased s ign i f i can t l y  w i th  s t r a i n  rate. The 
angle o f  i n t e r n a l  f r i c t i o n  was almost constant a t  15'. As the 
c lay was i n  a 'non-scouring' condi t ion a t  38% moisture content, 
the 'adhesion' measured was, i n  fact ,  the res idual  cohesion o f  
the s o i l .  However, a t  speeds below 0.1 m/s, s o i l  d i d  not s t i c k  
t o  the annulus and so the t rue  adhesion was measured. The values 
o f  peak shear strength and soi l -metal  f r i c t i on / ' r es idua l1  shear 
strength so measured have been used i n  the  p red ic t i ve  equation 
for t i n e  draught force and the resu l t  i s  p l o t t ed  on Fig. 3c 
together w i th  the  relevant experimental data from Fig. 1. The 
curves are o f  s im i la r  shape but the increase i n  calculated 
draught i s  greater than the measured increase. 

The example given i l l u s t r a t e s  t ha t  the e f f ec t  o f  speed on 
draught force o f  a t i n e  can probably be explained by the change 
i n  shear strength and soi l-metal f r i c t i o n  due t o  s t r a i n  rate. 
This hypothesis can be confirmed when the e f f ec t  o f  s t r a i n  r a t e  
over a range o f  s o i l  types and moisture content has been e l -  
ucidated. 
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Conclus ion 

A ma themat ica l  model t o  p r e d i c t  t h e  performance o f  d r a u g h t  
implements i n  terms o f  f o r c e s  and s o i l  d i s t u r b a n c e  would be  o f  
c o n s i d e r a b l e  v a l u e  a s  a  d e s i g n  a i d .  The p o s s i b i l i t y  o f  dev- 
e l o p i n g  a  comprehensive  model is d o u b t f u l  b u t  s i m p l i f i e d  models 
t o  p r e d i c t  f o r c e s  and s o i l  f a i l u r e  volume f o r  q u a s i - s t a t i c  
c o n d i t i o n s  e x i s t .  P r e d i c t i o n  o f  t h e  e f f e c t  o f  speed  on imp- 
lement  f o r c e s  h a s  been shown t o  be f e a s i b l e  t a k i n g  t h e  s t r a i n  
r a t e  dependency o f  s o i l  p r o p e r t i e s  i n t o  accoun t .  P r e d i c t i o n  
o f  s o i l  p u l v e r i s a t i o n  by a n  implement,  however, h a s  n o t  been 
ach ieved  even f o r  t h e  q u a s i - s t a t i c  c o n d i t i o n  and is t h e  most 
complex a s p e c t  o f  t h e  mode l l ing  problem. 
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ABSTRACT 

Effects  o f  permanent corn production i n  monoculture have been 

studied f o r  17 years. This report  covers a three-year period (1975 - 
- 1977). Physical, chemical, and microbiological proper t ies  of s o i l  

did not suf fe r  considerable changes a s  t he  r e s u l t  of d i f f e r en t  f e r -  

t i l i z a t i o n  systems; i t  was observed t h a t  the  shortage o f  manure may 

successfully be compensated by harvest residues. It may be concluded 

on the  bas i s  of t he  obtained y ie lds  t h a t  it is possible t o  grow corn 

i n  permanent monoculture, even f o r  several  consecutive years,  pro- 

viding t h a t  other agrotechnical condit ions had been met, primarily 

deep and qua l i ty  t i l l a g e  which should be performed a s  ea r ly  a s  pos- 

s i b l e  i n  combination with an intensive mineral and organic f e r t i l i -  

zation.  

INTRODUCTION 

In Yugoslavia, pa r t i cu l a r ly  i n  t he  province of Vojvodina, a con- 

s iderab le  change i n  the  s t ruc tu re  o f  f i e l d  crop production has taken 

place i n  recent years. It conditioned an increased production of corn 

i n  monoculture, even f o r  several  consecutive years. 

Recent s tud ies  and r e s u l t s  of contemporary corn production cor- 

r e c t  t o  a ce r t a in  measure the  r o l e  o f  organic mat ter ,  a t t r i b u t i n g  t o  

it more and more the  r o l e  of an ac t iva tor  o f  microbiological proc- 

esses  and f ac to r s  o f  physical proper t ies  o f  s o i l ,  while mineral fer-  

t i l i z e r s  become the  basic  source o f  plant  nu t r ien t s .  Obviously, it is 

necessary t o  keep applying organic matter; however, a reduction i n  

c a t t l e  production, r e su l t i ng  i n  a decreased production of manure, i m -  

poses t he  problem o f  provision of su f f i c i en t  quan t i t i e s  of organic 

matter. That is why attempts have been made t o  replace manure by har- 

vest  res idues  l e f t  over i n  p l o t s  a f t e r  corn harvest. 



This problem s t a r t ed  t o  be studied i n  1961/62 a t  the  I n s t i t u t e  

o f  Field and Vegetable Crops of the  Faculty of Agriculture Novi Sad. 

The work was establ ished on permanent basis.  

METHOD AND PERFORMANCE OF EXPERIMENT 

The experiment is conducted at the  experimental f i e l d  of t he  

I n s t i t u t e ,  a t  Rimski SanEevi, a f t e r  the  method o f  "standard" i n  four 

repl icat ions .  The a rea  o f  basic p lo t  is 296.4 m2. The type o f  s o i l  is 

chernozem, of favorable physical proper t ies ,  s l i g h t l y  a lka l ine ,  with 

medium humic content,  moderate quanti ty o f  lime, medium provision by 

t o t a l  nitrogen and read i ly  avai lable  phosphorus, r i c h  with r ead i ly  

ava i lab le  potassium. 

The experiment includes the  following variants:  

1. Plowing under o f  corn harvest res idues  applying regular 

quan t i t i e s  o f  mineral f e r t i l i z e r s  (243 kglha of pure NPK nu t r i en t s  i n  
the  r a t i o  117:63:63). 

2. Plowing under of 25 t / h a  o f  manure i n  a l t e r n a t e  years ap- 

plying 243 kg/ha o f  NPK each year. 

3. Application of mineral f e r t i l i z e r s  alone (243kg/ha of NPK). 

4. Non-fertilized. 

(The corn is grown i n  monocultwe i n  the  above variants.)  

5. Corn growing i n  two-crop system applying manure and mineral 

f e r t i l i z e r s  a s  i n  var iant  2. 

6. Corn growing i n  two-crop system applying only manure a s  i n  

var ian ts  2 and 5. 

In  order t o  follow the  e f f e c t s  of the  applied measures on the  

changes i n  some important s o i l  proper t ies ,  morphological analyses of 

s o i l  were performed per individual var ian ts  a f t e r  corn harvest;  s o i l  

samples were taken a t  the  same time t o  analyse chemical, water-phys- 

i c a l ,  and microbiological proper t ies  of s o i l .  

RESULTS AND DISCUSSION 

Results  o f  t he  experiment conducted from 1962 t o  1974 were re- 

ported i n  June 1975 a t  the  Symposium on In tens i f ica t ion  o f  Agricul- 

t u r a l  Production and Optimal Ut i l i za t ion  o f  Ecosystem i n  Semiconti- 

nental  Climate, held in Keszthely, Hungary. This report  covers t he  

period from 1975 t o  1977, when we introduced i n t o  t he  experiment t he  

mid-early hybrid NSSC-555, developed a t  Novi Sad. 

As  r e l a t ed  with t he  i n i t i a l  years o f  the  experiment, c e r t a in  

changes were observed i n  recent years i n  the  morphological p roper t ies  

of plowing layer  i n  d i f f e r en t  variants.  The s o i l  s t ruc tu re  i n  t he  



var ian ts  i n  which harvest residues o r  manure were plowed under (var. 

1 and 2) is f ine  and medium crumby; in var iant  1, i n  which corn 

harvest residues a r e  plowed under, t he  remains of ce l lu lose  f i b e r s  

may be seen, while i n  var iant  2 ,  i n  which manure is plowed under, 

the  remains cannot be seen. I n  var iant  3, i n  which only mineral 

f e r t i l i z e r s  a r e  applied,  the  plowing layer  is somewhat more com- 

pacted, with an increased number of l a rge  crumbs which still crumble 

easi ly .  I n  var iant  4, non-fert i l ized one, clods up t o  12 cm may be 

found i n  the  plowing layer ,  between which there  is ample space. I n  

general ,  the  plowing layer  i n  t h i s  var iant  is non-homogeneous, with 

increased compaction i n  the  layer  0 - 10 cm. The plowing pan is iden- 

t i c a l  with all var ian ts ,  having f i n e  granular and f i n e  crumby 

s t ruc tu re  and uniform moisture. 

Table 1 shows the  basic agrochemical proper t ies  of s o i l  per 

t e s t  var iants .  It may be seen t h a t  there  were no s ign i f ican t  di f fer-  

ences i n  react ion (pH). Regarding the  o ther  proper t ies ,  i t  may be seen 

t h a t  t he  non-fert i l ized var iant  (4)  had lower values of contents o f  

humus, t o t a l  nitrogen, avai lable  P205 and K20 i n  respect  t o  the  o ther  

var iants .  It may a l so  be noticed tha; the  var ian ts  f e r t i l i z e d  with 

organic f e r t i l i z e r s  (1 ,  2, 5 ,  and 6) had a somewhat higher humic con- 

t e n t  i n  respect  t o  var iant  3, f e r t i l i z e d  with mineral f e r t i l i z e r s  

only, and var iant  4, non-fert i l ized.  Signif icant ly  higher contents o f  

phosphorus and potassium were found i n  var ian ts  with manuring (2,5,6). 

Tab. 1 - Chemical properties of s o i l  

Var . pH % gr .  per 100 ar of s o i l  
i n  K C 1  i n  H70 CaCO, Humus N P , O ~  K7° 

The values of water-physical proper t ies  of the  plowing layer  

(0-30 cm) are shown i n  Tab. 2. These values were r a the r  uniform both 

per test va r i an t s  and per s o i l  l aye r s  within the  var ian ts ,  which is 

probably t he  r e s u l t  of favorable na tura l  proper t ies  o f  chernozem s o i l .  

S t i l l ,  a c e r t a in  increase  i n  volumic weight and a decrease i n  a i r  

capacity were observed i n  var iant  4, which was non-fertilized. I n  

general ,  the  volumic and spec i f i c  weight showed highest values i n  

deeper s o i l  l ayers  i n  t he  majority of t he  var iants .  Conversely, t he  

a i r  capacity decreased with depth which may be a t t r i bu t ed  t o  t he  



e f f e c t  of t i l l a g e .  

Tab. 2 - Water-physical properties of s o i l  

Var. Depth Volumic Specific Wilting Total A i r  
cm. weight weight point available capacity 

Vol. % water Vol. % 

Long-term microbilogical s tud ies  performed a f t e r  harvest showed 

ce r t a in  dif ferences  i n  t he  concentration of microorganisms i n  d i f f e r -  

ent var iants .  Largest changes were found i n  the  t o t a l  number of micrw 

organisms which was higher i n  two-crop system than i n  monoculture. 

The plowing under of corn harvest residues and mineral f e r t i l i z e r s  

increased the t o t a l  number of microorganisms i n  two-crop system a s  

well a s  i n  monoculture. The r e s u l t s  of our microbiological analyses 

indicate  t ha t  the  application of organic and mineral f e r t i l i z e r s  

causes changes i n  the  biogenic proper t ies  of chernozem s o i l ,  which is 

manifested a s  an increase i n  t he  t o t a l  number of  microorganisms, es- 

pec ia l ly  of  nitrogen-fixing bacteria.  When these r e s u l t s  were com- 

pared with the obtained yields  of corn, a correla t ion was found be- 

tween the  biogenic proper t ies  of t h e  plowing layer  and the  yields.  

Tab. 3 shows three-year corn yields  obtained i n  l a t h ,  15th,  and 

16th year of the  experiment. The following may be concluded on the  

basis  of these r e su l t s :  

In  contras t  with t he  r e s u l t s  from the previous 13 years ,  when 

p rac t i ca l ly  there  were no differences between var ian ts  1 and 2 ( Y i -  

kovid, ~ r e z g i d ,  1975), the  observed three experimental years favored 

the application of manure over the  application of harvest residues. 

The differences,  however, were non-significant compared e i the r  per 

year o r  on the average, for  5% or  1%. Similar r e s u l t s  were obtained by 

Mihalid (1967, 1971, 1973) who maintains t h a t  high and prof i tab le  

yie lds  may be obtained i n  monoculture by plowing under harvest res i -  

dues a t  30 cm and applying mineral f e r t i l i z e r s  i n  the  r a t i o  2 : l : l ;  

Skorid and Rac (1969) found t h a t  i n  conditions of intensive c u l t u r a l  



pract ices  and supplementary i r r i ga t ion  the la rges t  par t  of plowed 

under corn harvest residues (93%) is decomposed i n  the  first year, 

releasing by the same token 40 @/ha of N ,  12 kglha of P2O5, and 49 

@/ha of K20. Jovanovih e t  a l .  (1972) concluded tha t  the  plowing under 
- 

of  corn harvest residues a f f e c t s  posi t ively the s o i l  s t ruc ture  and 

corn y ie ld ;  Amberger and Aigner (1969) emphasized tha t  the  plowing 

under of corn harvest residues i n  combination with nitrogen f e r t i l i -  

zation increases the  yields  of subsequently grown crops. 

Tab. 3 - Yields of dry grain  a t  14% moisture 

Var . Yield of dry grain  (mtclhal 
1975 1976 1977 Average 

1 107.2 102.9 106.4 105.5 

The appl icat ion of mineral f e r t i l i z e r s  alone (var. 3) s ign i f i -  

cant ly  lowered the y ie lds  i n  r e l a t i on  t o  var iants  1 and 2 i n  a l l  three  

years. On the three-year average, t h i s  difference is 15.4 mtc/ha which 

is considerably higher than the differences found i n  the  previous 

13-year period. 

Although the experimental years had favorable c l imat ic  condi- 

t i ons  f o r  corn growing, very low yields  were obtained i n  the  var iant  

which had not been f e r t i l i z e d  f o r  an extended period (var. 4). On the  

three-year average, the yields  were lower by 70 - 74% a s  compared with 

the first three var iants ,  which approximates the  r e s u l t s  from the 

previous experimental period. 

I n  two-crop system, the f e r t i l i z a t i o n  with manure and mineral 

f e r t i l i z e r s  (var. 5) brought s ign i f ican t  yie ld  increases i n  r e l a t i on  

t o  manuring alone (var. 6 ) ;  on the three-year average, the  difference 

was 8.5 mtc/ha i n  favor of var iant  5 ,  which is s ign i f ican t  f o r  both 

5% and 1%. 

The highest average yield (108.8 mtclha) was obtained i n  two- 

-crop system, var iant  5; however, t h i s  increase i s  non-significant 

(only 0.3 mtclha) i n  r e l a t i on  t o  the  yield  af  var iant  5 i n  monocul- 

ture .  On the other hand, the  plowing under of corn harvest residues 

and mineral f e r t i l i z e r s  i n  monoculture (var. 1) brought 5.2 mt;c/ha 

higher yie ld  than the manuring alone (var. 6) i n  two-crop system. 

According t o  the  r e s u l t s  of Stojanovie e t  a l .  (1970, 1971, and 



19721, i t  is p o s s i b l e  t o  o b t a i n  h i g h  y i e l d s  of corn on smonitza so i l s  

of  eastern S e r b i a  p r o v i d i n g  t h a t  intensive c u l t u r a l  p r a c t i c e s  are ap- 

p l i e d ;  B u l g a r i a n  a u t h o r s  Stoimenov (1971) and Calov (1972) also main- 

t a i n  t h a t  h i g h  and  p r o f i t a b l e  y i e l d s  may b e  o b t a i n e d  i n  monoculture, 

e s p e c i a l l y  i f  i rr igat ion,  intensive fer t i l iza t ion,  deep  tillage, and  

weed c o n t r o l  are a p p l i e d .  
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ABSTRACT 

S o i l  compaction may o r  may n o t  be harmful,  and packed s o i l s  may o r  
may n o t  improve spontaneously. D i f f e r e n t  f i e l d  observat ions m y  be 
eas ie r  t o  understand if a p red i c tab ie  "normal" bu lk  dens i ty  (NBD) o f  
the s o i l  can be used as a reference value. By sampling a s u i t a b l e  
range o f  s o i l s ,  which have reached an e q u i l i b r i u m  bu lk  dens i ty  a f t e r  
a per iod  o f  a rab le  farming, i t  i s  poss ib le  t o  de r i ve  regression 
equat ions g i v i n g  the NBD as a func t i on  o f  s o i l  composit ion. The 
no t i on  O F  NBD seems t o  be usefu l  i n  many so i  I s ,  bu t  there  are  cases 
where i t  i s  obso le te  o r  i r r e l e v a n t .  

I n t roduc t i on  

The b u l k  dens i t y  (BD) o f  a rab le  s o i l s  i s  r e g u l a r l y  subjected t o  
la rge  changes caused by mechanical loosening and compaction t r e a t -  
ments. Between the treatments, however, there  are  long per iods o f  
res t ,  when var ious n a t u r a l  processes may modify the s t r u c t u r e  o f  
the s o i l ,  and a d j u s t  the BD towards a s t a t e  where loosening and com- 
pac t i ng  processes even tua l l y  balance each o ther .  The hypothesized 
e q u i l i b r i u m  value, which can be c a l l e d  "normal bu l k  densi ty"  (NBD) 
o f  a g iven s o i l  layer ,  i s  a func t i on  o f  the  composit ion o f  the  s o i l  
( e s p e c i a l l y  t e x t u r e  and organ ic  content) ,  the  depth, and the env i -  
ronment. 

Voorheeset a l .  (11) reviewed a number o f  American s tud ies  showing 
spontaneous loosening o f p a c k e d t o p s o i l s  under the i n f l uence  o f  an- 
nual moisture v a r i a t i o n s  and freezing-thawing, and V e t t e r  & L ich ten-  
s t e i n  (10) observed a s i m i l a r  case i n  Germany. In  subso i ls  the , 
loosening process seems t o  be slower, and sometimes n e g l i g i b l e  
( 1 ,  2 ,  3, 8, 11). The aim o f  t h i s  paper i s  t o  i n d i c a t e  p o s s i b i l i t i e s  
t o  assess the  NBD o f  d i f f e r e n t  s o i l s  and t o  use i t  as a reference 
value i q  s o i l  s t r u c t u r e  s tud ies .  

The b u l k  dens i t y  o f  t o p s o i l  

The n o t i o n  o f  NBD i s  re levan t  on l y  under cond i t i ons  where a regu la r  
system o f  a rab le  farming has cont inued long enough t o  remove the 
s p e c i f i c  fea tures  o f  s o i l  s t r u c u t r e  which may have developed du r ing  
the prev ious h i s t o r y  o f  the s o i l .  Besides, the c y c l i c  v a r i a t i o n s  o f  
s o i l  s t r u c t u r e ,  t a k i n g  p lace under moisture v a r i a t i o n s  and the  
cropping cyc le,  should be smoothed over.  



A usefu l  way t o  assess the NBD i s  t o  sample f i e l d s  under 2 t o  3 year 
o l d  r o t a t i o n  grasslands ( f i e l d s  under plowless farming would pro-  
bably do as we1 1) .  I f  the sampling i s  done under un i fo rm moisture 
cond i t i ons  ( f i e l d  capac i ty ) ,  and covers a  s u i t a b l e  range o f  tex tures  
and organ ic  mat te r  contents, i t  i s  poss ib le  t o  de r i ve  regression 
equat ions g i v i n g  the BD as a  func t i on  o f  s o i l  composit ion. Such a  
study, made before the i n t r o d u c t i o n  o f  heavy machinery, and cover ing 
1 1 1  f i e l d s  i n  F in land (5) ,  resu l ted  i n  the f o l l o w i n g  equat ion, where 
the BD o f  l aye r  5-15 cm i s  g iven as a  func t i on  o f  the  percentages 
o f  o rgan ic  carbon (XI), c l a y  under 2 ,urn (X2), and sand 0.06-2 mm 
i x 3 )  : 

Sandy s o i l s  w i t h  a  narrow range o f  g r a i n  s izes  a r e  n o t  s u i t a b l e  f o r  
t h i s  type o f  regression ana lys is ;  the d i r e c t  c o r r e l a t i o n  between 
b u l k  dens i t y  and sand percentage seems t o  cease above the  sand con- 
t e n t  o f  50%. T h e o r e t i c a l l y ,  there  should be a  cu rve l i nea r  r e l a t i o n -  
s h i p  w i t h  maximum values between 50 and 85% (see papers reviewed by 

3 Larson and Allmaras, 7 ) .  In  very humuous s o i l s  w i t h  BD below 1 g/cm , 
s o i l  composit ion a l s o  f a i l e d  t o  e x p l a i n  s a t i s f a c t o r i l y  the observed 
v a r i a t i o n s  i n  bu l k  densi ty .  
Experimental data obta ined a t  our department show t h a t  the  NBD o f  
t o p s o i l ,  p r e d i c t e d  by equat ion ( I ) ,  l i e s  i n  the optimum BD-range f o r  
cereal  crops. I t  should be stressed, however, t h a t  most o f  the  ex- 
periments w i t h  s o i l  compaction were c a r r i e d  ou t  under cond i t i ons  o f  
r a t h e r  low r a i n f a l l .  Under r a i n y  cond i t i ons  the optimum BD would be 
lower. 

The bu l k  dens i t y  o f  subso i l s  - 
The problems o f  na tu ra l  and a r t i f i c i a l l y  induced v a r i a t i o n s  i n  s o i l  
BD a re  more complicated i n  the subso i l  than i n  the  plow layer ,  because 
the changes a r e  u s u a l l y  small and slow. I t  may be d i f f i c u l t  t o  d i s -  
t i n g u i s h  the  e f f e c t s  o f  heavy t r a f f i c  from "compaction" caused by 
sh r ink ing ,  s l a k i n g  and f i l l i n g  o f  the cracks. The loosening processes 
by s w e l l i n g  and f reez ing  may be i n e f f e c t i v e  o r  exceedingly  slow. Under 
c e r t a i n  cond i t i ons  the bu l k  dens i t y  i s  merely a  r e s u l t  o f  s p e c i f i c  
s o i l  forming processes. A t  l e a s t  3 cases where the no t i on  o f  NBD as 
an e q u i l i b r i u m  value i s  r a t h e r  i r r e l e v a n t ,  can be po in ted  ou t :  

1. Sandy s o i l s  where c l a y  and s i l t  content  i s  t oo  low t o  f a c i l i t a t e  
e f f e c t i v e  loosening through i r r e g u l a r  s w e l l i n g  and s h r i n k i n g  by 
va ry ing  moisture content ,  and through lense format ion by f reez ing .  
A compact s t r u c t u r e ,  whether n a t u r a l  o r  a r t i f i c i a l ,  i s  t he re fo re  
very p e r s i s t e n t  (4,  8 ) .  

2 .  Loamysoi is  under cond i t i ons  o f  in tense downward m ig ra t i on  o f  cao- 
l i n i t i c  c l a y  ( l ess i vage ) .  This  i s  an oneway process which can lead 
t o  extremely h igh  b u l k  d e n s i t i e s  i n  the absence o f  f reez ing ,  no tab ly  
i n  c e r t a i n  o l d  t r o p i c a l  s o i l s  ( t he re  i s  very l i t t l e  s w e l l i n g  and 
s h r i n k i n g  i n  c a o l i n i t i c  c lays ) .  

3. Heavy m o n t m o r i l l o n i t i c  c lays  w i t h  a  no tab le  amount o f  exchange- 
ab le  sodium ( e s p e c i a l l y  t r o p i c a l  v e r t i s o l s ) .  Cracking and s w e l l -  



i ng  processes a r e  so powerful ,  t h a t  the  s t r u c t u r e  o f  the  s o i l  pro-  
f i l e  i s  e f f e c t i v e l y  "zeroed" a f t e r  every major r a i n  pe r iod  (per- 
sonal communication w i t h  Prof. Ahmad, T r i n i d a d ) .  The n o t i o n  o f  NBD 
i s  t he re fo re  obsolete.  

On the o the r  hand, the no t i on  of NED seems t o  be usefu l  i n  c l a y  s o i l s  
i n  l ess  extreme cl imates. I n  a  group o f  F inn ish  subsoi I s  ( g l a c i a l  .se- 
diments low i n  sand and very low i n  o rgan ic  mat te r ) ,  the t e x t u r e  ex- 
p la ined  the ED-var iat ion about as w e l l  as t e x t u r e  and organ ic  mat te r  
together  i n  t o p s o i l s  (5) .  The ED o f  l a y e r  30-50 cm cou ld  be g iven as 
a  func t i on  of the  s o i l ' s  c l a y  (xl) and s i l t  2-20 g m  (x2) percentages 
as fo l l ows :  

The n a t u r a l  BO o f  these s o i l  layers  obv ious l y  r e f l e c t s  an e q u i l i b r i u m  
s t a t e  a f t e r  many cyc les  o f  we t t i ng -d ry ing  and freezing-thawing. P lan t  
r o o t  a c t i v i t y  and o t h e r  b i o l o g i c a l  s t ruc tu re - fo rm ing  agents are  r a t h e r  
weak, o r  too  recent,  t o  have any pronounced e f f e c t  on s o i l  s t r u c t u r e .  

In  undisturbed s o i l s  where b i o l o g i c a l  agents have had a  s t rong  i n -  
f luence on s o i l  s t r u c t u r e  formation, as i n  deep b lack  s o i l s ,  the 
r o o t  zone BD i s  much lower than i nd i ca ted  by equat ion (2 ) .  Continuous 
c u l t i v a t i o n  w i l l  then g radua l l y  break down the  n a t u r a l  porous S t r U C -  

t u r e  o f  the s o i  I, whereby i t s  BD increases (1 ,  9) and may u l t i m a t e l y  
approach the NBD as def ined i n  t h i s  paper. If the s t r u c t u r e  i s  d i s -  
turbed a r t i f i c a l l y  by pudd l ing  and compaction, i t  i s  probable t h a t  
moisture v a r i a t i o n s  and f reezing- thawing w i l l  loosen the  s o i l  o n l y  
as f a r  as the compaction has gone beyond the  NBD ( 6 ) .  I t  i s  a l s o  ob- 
v ious t h a t  a  c e r t a i n  hys te res i s  gap remains between the  e q u i l i b r i u m  
ED-values approached from d i f f e r e n t  i n i t i a l  s ta tes .  

The pers is tence o f  subso i l  compaction has become an important  issue 
i n  the  r e s t o r a t i o n  o f  cons t ruc t i on  s i t e s ,  and i n  the  es t ima t ion  o f  
damage o f  a g r i c u l t u r a l  lands caused by m i l i t a r y  manouvres o r  o t h e r  
e x t r a o r d i n a r i l y  heavy t r a f f i c .  I t  would, t he re fo re ,  be h i g h l y  des i rab le  
t o  o b t a i n  more experimental  data on the  r a t e  o f  spontaneous loosening 
processes under d i f f e r e n t  cond i t i ons .  We know t h a t  i n  most cases ou r  
crop y i e l d s  r e t u r n  t o  normal l e v e l  d u r i n g  the  second season a f t e r  e x t r a -  
o rd ina ry  compaction, but  there  are  i n d i c a t i o n s  t h a t  the r e s t o r a t i o n  o f  
subso i l  p o r o s i t y  and pe rmeab i l i t y  may sometimes take much longer (2, 
11). Hedberg (4) s tud ied  the  loosening e f f e c t  o f  a r t i f i c i a l  f r eez ing -  
thawing cyc les  i n  a  group o f  about 50 Swedish s o i l s ,  ranging from 
loam t o  sand, and found t h a t  most s o i l s  needed 5  t o  10 cyc les  t o  reach 

a n e q u i l i b r i u m  BD. The e f f e x t  o f  the  f i r s t  cyc le  was, n a t u r a l l y ,  a l -  
ways l a r g e s t  and i n  some cases i t  produced almost a l l  o f  the  loosen- 
i n g  e f f e c t  a t t a i n a b l e  by the  f reezing- thawing processes. 
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ABSTRACT 
The effect of subsoiling and deep ploughing is only 
temporary in very many cases. To keep a subsoiled area 
from recollapsing usually soil conditioners are neces- 
sary. At two examples it is shorn, how the stress-situ- 
ation in a soil is changed by subsoiling or deep 
ploughing. From the relation of main-stresses it can 
be seen, that cultivated soils usually are overconsoli- 
dated in equilibriw with heaviest routine traffic. 
This state can only be changed by avoiding heavy ma- 
chinery increasing soil strength or partly by changing P 
geometric patterns of loosening. 

There has been some emphasis on experiments to meliora- 
te soils by deep ploughing down to 100 cm depth or even 
more, or by subsoiling with different kinds of chisels 
or similar tools dom to about the same depths. 

Most of these experiments were started about the end 
of the sixties and quite obviously the response was not 
so good, as to encourage introduction of these tech- 
niques into practical agriculture to any larger extent. 

At the institute of soil science in Hannover two ex- 
periments were started in 1967 a d  4968 respectfvely. 
The results have been presented at ISSS-Meeting, 1971 
Stuttgart, Excoursion C, 1971 and at XI. Int. Congr. 
Soil Sci. Ehonton 1978 respectively. The first expe- 
riment was conducted in the experimental orchard of 
the horticultural faculty at Hannover. This proved not 



to be a success, as the desired effect was only partly 
achieved and did not last for more than half a year 
on one part and just one year on another part of the 
plot. The other experiment was rua in the greenhouses 
of a commercial horticulturist, Subsoiling was accom- 
panied here by severe liming (7  g/l = 70 t/ha for 1 m 
depth). This proved to be successful for '10 years 
whereas in some greenhouses where the subsoiling had 
been done in the first years without lime the struc- 
ture collapsed within the first 4 years (Hartge, 1978). 

Both these soils were formed on glacial loess deposits 
of -1,5 rn thickness, They were Parabraunerde according 

t h to German systernatik and Udalf according to 7 ap- 
proximation. 

Wow the question 4s why do these soils collapse again 
and what is the reason for different stabilities of 
these soils, 

To investigate this, the approach of general soil me- 
chanics was adapted. First the compression c w e s  of 
the soils were dram, plotting void ratio against ver- 
tical stresses on the abscissa. The results which have 
been published elsewhere in detail (Nartge u, Sommer, 
1978) are schematically shown in fig. 1. From this can 
be seen, that void ratios do not fit in with a log- 
normal stsight lime in a soil used in normal agricul- 
ture (a), Only at stresses 2100 cN cm-2 an approxima- 
tion to a stright line was visible. When this soil was 
deep-ploughed, then the part of the regression fitting 
the stright liae was extended to minor s"cesses eo much 
longer, so more successful the loosing action was. This 
is represented for the melioration in the successfulcese, 
-that is relatively stable structure-in the orchard 

by (b). But even this was changed back to (a) within 
the relatively short time of one year. Still better fit 
was obtained in the greenhouse, where no heavy traffic 
occurred on the soil (c) but even this did not last 
suffiently,so subsoiling had to be repeated to keep 
this standard, By adding lime (Ca0) the stability of 
the soil had been increased severely which gave a spe- 



ciaPly long f i t  t o  the  s t r i g h t  l ine .  A t  the  same time 

t h i s  l i n e  moved towards higher s t r e s se s  f o r  a given 
void r a t i o  (d l .  

These r e s u l t s  show a s i t ua t i on  but do not give any in- 
fornation on t he  nnechanisms involved. Therefore again 
ar approach fron? general s o i l  mechanics is adapted. 
This i s  shown i n  f ig .  2 f o r  t he  greenhcuse s o i l .  The or- 
chard s o i l  showed a s imi lar  r e su l t .  The deviation from 
the  l i nea s  regression however on the l e f t  hand s ide  
of t he  drawing ( G ~  values) goes down t o  grea ter  depths 
a f t e r  melioration than i n  the  greenhouse s o i l .  

130th cases show a t  t h e i r  1-9ght hand s ide  the  increase 

of v e r t i c a l  s t r e s s  GZ p lo t ted  against  depth below s o i l  
surface. The stresses a r e  calculated by  summing up t h e  
weights of t h e  s o i l  above a given point. I n  t he  shown 

examples these re la t ions  seem t o  be approximately li- 
near. The l i n e  corresponding t o  t he  s t a t e  of highest  
loosing e f f ec t  i s  seen t o  t he  l e f t  of t he  o r ig ina l  
curve,  thus showing t he  decrease of v e r t i c a l  s t r e s s  i n  
a loosened s o i l  i f  equal depths, measured from s o i l  
surface domward,are compared. On the  l e f t  harid s i de  
t he  horizontal  s t r e s se s  (6,) have been p lo t ted  against  
depth of s o i l .  The values fronG, were obtained by 

using the  wellknown equation (Kezdi, 1969): 

I n  t h i s  e q ~ a t i o n 0 ~  represents t he  ac t ive  ea r th  pres- 
suse. Values f o r  angle of i n t e rna l  f r i c t i o n  ( f )  and 
cohesion (c) were a r b i t r a r i l y  taken t o  be 30' and 0 
respectively.  This l a s t  condition was introduced f o r  
s impl ic i ty  of calcu3.ation. For c > O t he  value o f e 3  
w i l l  decrease. The bwer value ( e T C )  can be calculated 
from the  Mohr-circle s t a r t i n g  with t he  r e l a t i o n  

5 3  - = c - c tg  / "  +c3, 



t o  be 
- - G3 ( C  a c t g ~ ~ + f i ? )  is - 

3c - c c tg  p E l  

Values f o r G x  calculated as  explained would r e s u l t  i n  a 
s t r i g h t  l i n e  a s  shown on t he  l e f t  hand s ide  of f ig .  2. 

There is however another pos s ib i l i t y  t o  ca lcula te  hori- 
zontal  s t r esses ,  To t h i s  end from the  void r a t i o s  a t  
subsequent depths i n  t he  s o i l  t he  corresponding maxi- 
mal v e r t i c a l  s t r e s se s  a r e  taken from the  primary branch 
- t h a t  i s  r i g h t  hand end - of t he  compression curve 
bvis. f i g .  7 ). According t o  t he  general pr inc ip le  hori- 
zontal  s t r e s se s  do no t  i-eBax when the verLical  load 
is removecl. So they can be calculated using t he  same 
f o r m l a  as  before, The r e s u l t s  given i n  f i g .  2 ( l e f t )  
show, t h a t  ac tua l ly  both s o i l s  investigated here a r e  
precornpacted i.e, t h e i r  horizontal  s t r e s s  i s  much i n  
excess t o  what is brought about by t he  wekght of t he  
s o i l  i t s e l f .  

This compaction is strongest  near t he  s o i l  surface and 
decreases toward deeper Payers, Furthermore it is much 
lnore psonomced i n  the  orchard s o i l  than i n  t he  green- 
izcuse so i l .  This i s  eas i ly  understandable s ince  t he  
swloads  applied i n  t he  orchard a r e  much grea ter  than 
those usually occurring i n  greenhouses. 

Apart from th i sp the se  r e s u l t s  give an indicat ion t h a t  
t he  collapse of t he  s t ruc tu re  is not invoced by t he  
weight of t he  s o i l  i t s e l f  but  by temporary g rea te r  
loads. Therefore Loosening act ions a r e  only success- 
f u l  f o r  a longer time i f  one of t he  following condi- 
t ions  i s  met: 
1) Avoiding o r  diminishing temporary loads. 
This is d i f f i c u l t  t o  achieve i n  general agr icul ture  
because it means decrease of machinery weight and t h i s  
i s  contrary t o  current  t e c h i c a l  trends. It should 
be thought over however whether it is possible  t o  
arrange t h a t  only pa r t s  of t he  cul t iva ted  area a r e  met 
by t r a f f i c  i .e.  ridi-zg a l l  machinery on spac ia l  wheel 
paths. This would come t o  be same thing t h a t  is done 



i n  intensive hor t i cu l tu ra l  cropping, when a l l  t r a f f i c  

i s  kept s t r i c t l y  t o  walking o r  r iding paths. 

2) Increasing i n t r i n s i c  s t a b i l i t y  of the  so i l .  
This could be achieved by keeping the  s o i l  d r i e r  as  

before but t h i s  i s  not desirable fo r  the crop. So the  

only remedy is using s o i l  conditioners.'An example 

f o r  t h i s  is the  greenhouse s o i l  shown i n  f i g ,  2. This 
had beer- stabilizedthorcxlghly, not because of the  

weight of expected machinery, but because of the  
expected low s t a b i l i t y  a t  the  high water contents a t  

which h o r t i c u l t w a l  crops a r e  grown. 

3) Theoretically there is s t i l l  a t h i rd  possible 
approach. 

This consists of increasing the  heterogenity of 

packing of the  s o i l  by p a r t i a l  loosing. The e f f ec t  

of such an act ion can be fur ther  increased, when the  

geometri@ shape of t he  newly created voids is fa- 

vourable t o  withstand compression i n  ve r t i ca l  direc- 

t ion. This means t h a t  holes pressed. In to  the  s o i l  

ax ia l  t o  the  expected maximal s t r e s s  w i l l  not as 
eas i ly  collaps as  randomly formed voids o r  planar 
cracks i n  direct ions rectangular t o  the  maximal stress 
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Fig. I 
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VoiidP r a t i o  versus ver t ica l  aemas cdcuPated from weight of 
overlying soi l :  routine amicdtanre, (a), deep ploughing 6 
m o a t b  ahead of sampling (b),  subsa i lhg  in peenzhoue 1 year 

ahead of s a p l i n g  (c ) ,  subsoiling md liming i n  gree&owa 
2 years asad  of sampling (d) 
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Principal stressars i n  the  gra, UBB s o i l ,  cdculatedl fron 
weight of s o i l  ( s t r igh t  l h e s )  before (stroked) and a f t e r  sub- 
soi l ing ( fu ldsam)  and cnssming m a x i m a l  vtwtical load from 

void r a t l o  using f ig.  1 ( c u w d  l ines )  
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ABSTRACT 

Penetration res is tance t o  a 1.5 mm probe a t  5 d i f fe ren t  s o i l  moisture 

tensions was measured on s o i l  core samples from a Pelosol prof i le .  

Penetration res is tance was s ign i f ican t ly  correlated w i t h  the  moisture 

tension and water content of the  sample. Penetration res is tance a t  

about 450 cm moisture tension is large enough t o  strongly impede 

plant root growth. Under f i e l d  condit ions,  this s o i l  type can only be 

ameliorated by decreasing the  b u l k  density by subsoil ing and manuring. 

Introduction 

Clayey s o i l s  a re  noted fo r  the  problems they present t o  t i l l a g e  prac- 

t i c e s  because there  i s  only a r e l a t i ve  shor t  time i n  which s o i l  mois- 
t u r e  conditions a re  optimum f o r  t i l l a g e .  Clayey s o i l s  a l so  cause 

problems f o r  plants ,  par t i cu la r ly  the  l e s s  adapted agronomic p lan ts ,  

because these s o i l s  o f f e r  a high res is tance t o  penetration by plant 
roots. To obtain an idea of the  forces which plant roots must over- 

come, penetration res is tance of so i l  core samples from a Pelosol was 
measured a t  d i f f e r en t  moisture tensions. 

Methods 

Three s o i l  core samples (-370 cm3) were taken from each of 4 horizons 

of a Pelosol p ro f i l e  which contained 55% clay i n  the A horizon and 

60-64% clay i n  the  typical  Pelosol horizons (Tab.1). Each core was 

equi l ibrated t o  the  required moisture tension and the  penetration re- 

s i s tance  measured by means of a recording penetrometer (~echer , l978a)  
using a 1.5 mm probe, the  sha f t  of which was reduced behind the  30° 

probe t i p .  The measurements were repl icated 3 times per core f o r  each 



moisture tension. The cores were equil ibrated t o  tensions of 200, 300, 

400, 50 and 100 cm of water i n  t h a t  order. The probe sha f t  was not re- 

duced along i t s  e n t i r e  length, therefore only the  force-to-depth re- 
la t ionship f o r  the  range i n  which the sha f t  was reduced was used i n  

subsequent calculations.  Using t h i s  graphically recorded force-to- 

depth re la t ionship (an example fo r  each tension i s  given i n  Fig.11, 

the res is tance t o  penetration /!?p/cm2] - a t  3 cm penetration depth was 

calculated by l inear  regression. The averages of these values fo r  each 

tension and horizon were correlated w i t h  moisture s t a tu s  and other 
soi l  properties. 

Results 

The avergae penetration res is tance a t  3 cm depth (Tab.2) i s  s l i g h t l y  

larger  fo r  50 and 100 cm water tension than f o r  higher tensions. This 

i s  due t o  equi l ibrat ing the  samples a t  50 and 100 cm of water a f t e r  

having measured a t  400 cm of water a s  already mentioned. Nevertheless, 

the  res is tance t o  penetration increased f o r  each horizon w i t h  increas- 

ing so i l  moisture tension(Tab.2). T h i s  i s  more pronounced when one 
considers the  50-100 cm and 200-400 cm ranges separately. In 4 of 

these 8 cases the  dependance of penetration res is tance on moisture 

tension was s ign i f ican t  a t  the  0.1% level while the  others were sig- 
n i f ican t  between the  1 %  and 5% levels .  

Penetration res is tance increases w i t h  s o i l  depth (Tab.2) a s  does bulk 

density and clay content (Tab.11, resu l t ing  i n  high correla t ion with 

s o i l  properties.  Considering the  whole p ro f i l e ,  the re la t ionship be- 

tween moisture tension and penetration res is tance is very bad ( r =  

0.023) which i s  due t o  the  order in  which the  samples were equi l ibra-  
ted.  However, the  re le t ionship with water content i s  highly s ign i f i -  

cant (r=0.784). Bulk density,  clay content and organic matter content 

s ign i f ican t ly  influenced penetration res is tance (r=0.775, 0.716, 0.755 

resp.) with bulk density having the  grea tes t  influence because the  

coef f ic ien t  of multiple regression f o r  these three properties was 
R=0.776. Including water tension and water content r e su l t s  i n  R=0.793, 

the  best  corre la t ion coef f ic ien t  obtained. 

Discussion 

Friction between s o i l  and metal was not taken in to  account in  this 

study. Plant roots ,  which unlike metal probes excrete musilages, can 

hardly penetrate s o i l  when the  penetration 



(Taylor e t  a l .  1966, Cockroft e t  a l .  1969). T h i s  means t h a t  i n  the 

Pelosol studied,  root growth will  be strongly impeded i f  so i l  moisture 
tension exceeds 400-500 cm of water i n  the A horizon. Root growth 

P 
will  be impededat even lower tensions i n  underlying horizons. Measure- 

ments made on aggregates of this Pelosol (Becher, 1978b) confirm this. 

Impeded root growth, and therefore poor growing conditions, beginning 

a t  such low so i l  moisture tensions i s  the reason f o r  the re la t ive ly  

low and very uncertain crop yields  observed f o r  this so i l  type. I t  

should be kept i n  m i n d  t h a t  rewetting the so i l  a f t e r  a long dry peri- 

od does not necessarily decrease penetration resistance dras t ica l ly  

(Tab.2) even though the equi l ibrat ion time a t  50 cm of water (from 

400 cm of water) was a t  l e a s t  6 weeks. 

For ameliorating such a Pelosol, i t  i s  recommended t h a t  the  bulk den- 

s i t y  of the so i l  be decreased by subsoiling i n  several stages and/or 

manuring. I t  should be kept i n  mind t h a t  the be t te r  aeration s t a tu s  

of the  so i l  a f t e r  subsoiling will  lead t o  f a s t e r  decomposition of the 

organic matter which would cause some increase i n  penetration r e s i s t -  

ance. However, very high ra tes  of manuring will  r e su l t  not i n  a de- 

crease i n  penetration resistance according t o  r e su l t s  obtained from 

aggregate samples (Becher,l978b). 

In conclusion, penetration resistance i n  Pelosols, such as  i n  the 

so i l  studied,  is high enough t o  impede root growth a t  so i l  moisture 

tensions of 450 cm of water. This penetration res is tance can only be 

reduced by decreasing the bulk density of the s o i l .  
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Table 1 : Some properties of the  Pelosol prof i le .  

P; 7 . 4  25.3 1.3 64 34 2 1.67 

b.d. = bulk density 

hori- 

zon 

Table 2: Mean penetration res is tance [kp/cm2] a t  

3 cm penetration depth f o r  d i f f e r en t  

s o i l  moisture tensions. 

pH Carb. 0.m. texture/'%7 b.d. 
I [%I /%/ clay s i l t  sand lg/cm3J 

7.2 8.7 4.1 55 31 14 1.23 

AhP 7.2 7.5 1.7 61 30 
lip 1 9 1.50 
P, 1 7.3 17.8 1.6 60 33 7 1.62 

hori- depth 

zon f i m /  

*P 
0-20 

AhP 20-28 

tension f?mWC/ 
50 100 200 300 400 

13.1 16.2 10.6 14.3 18.1 

19.3 27.1 19.5 21.7 27.1 

1 28-50'21.7 38.5 20.5 25.4 24.8 

P2 50-751 25.1 33.1 25.4 26.7 27.6 
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1/ TILLAGE WITH TILE DRAINAGE IN RESTORED SOIL- 

2 / Stanley J. Henning, Don Kirkham, and Stephen B. Affleck- 

ABSTRACT 

Maize physiological maturity and grain yield have been influ- 
enced by deep tillage of compacted soil at a reclaimed surface mine. 
Farming operations have been delayed at this site by waterlogged 
soils. These observations and other calculations have indicated that 
both tile drainage and deep tillage may be necessary in replaced 
soils where compacted horizons hinder root growth and water movement. 

Background 

Iowa is a state with a history of coal mining. Coal was discov- 
ered here over 100 years ago, and at the turn of the century a 
flourishing mining industry existed. After World War 11, coal as a 
source of energy was displaced by petroleum and natural gas. During , 
the past Eew years, decreasing supplies and increasing costs of petro- 
leum and natural gas have forced Iowans to turn to coal once again as 
a dependable source of energy. 

As the coal mining industry in Iowa declined after World War 11, 
the technology of coal mining and processing did not keep pace with 
developments elsewhere in the United States and the world. To update 
the technology of mining and processing coal, the Iowa General 
Assembly in 1975 funded a three-year research project at Iowa State 
University. This research effort became !mown as the Iowa Coal 
Project. One of the major accomplishments of the project was to 
operate successfully its own coal surface mine in southeastern Iowa. 
That mine operated from July 1975 to November 1977. During this 
period, approximately 100,000 metric tons of coal were extracted 
from a 16.2-ha tract, and the land was reclaimed for farming. This 
report is intended to provide background information on the progress 
made toward producing an agricultural crop and on the problems 
encountered since the site was reclaimed, in particular the problems 
of tillage and drainage. 

The Iowa Coal Project Demonstration Mine is located in Mahaska 
County, Iowa (legalt$escription: SW 114, NW 1/4 of section 11, Tier 
74 N, Range 17 W, 5 P.M.). The topography of the site before 
mining was a hillside with slopes up to 15% and a south-southeast 
aspect. Soils consisted of Boone fine sandy loam (mesic, uncoated, 
typic quartzipsamment), Clinton silt loam (fine, montmorillonitic, 
mesic, typic hapludalf), and Colo silty clay loam (fine-silty, mixed, 
mesic, cumulic haplaquaoll) soil series (Soil Conservation Service, 
1977). The Clinton soil had developed from loess and dominated the 
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site. The subsoil of this soil had a finer texture (silty clay loam) 
than the surface soil. 

Surface soil (0-0.5 m), subsoil, and consolidated overburden 
were removed separately during mining, stockpiled as was necessary, 
and replaced sequentially into a benched terrace configuration in- 
stead of the original contour. Rubber-tired, twin engine scrapers of 
14 and 18 cubic yard capacity were the primary earth-moving equip- 
ment. Agricultural research was initiated on restored soil in 1976. 
The entire 16.2-ha tract became available for agricultural studies in 
1978. 

Agricultural Cropping Studies 

Compaction of soil and overburden resulted when these materials 
were replaced with the rubber-tired scrapers. The density of re- 
placed surface and subsurface soil materials was approximately 1.6 
gm/cm3. Trials to determine the response to deep tillage of the 
compacted soil were initiated in 1976 on a 1-ha portion of the site 
that was restored in April of that year. Zea mays, hereafter refer- 
red to as maize, was the crop. Comparisons of maize yields were made 
for plots that received no deep tillage, plots tilled with a "V" 
agricultural subsoiler, and plots ripped with a construction ripper 
attached to a bulldozer. Tillage was 0.5 m deep with a 0.6-m spacing 
between subsoiler or ripper shanks. The shanks of the agricultural 
subsoiler were 2.54 cm wide and were one-fifth as wide as a ripper 
shank. 

Larger clods resulted from tillage with the construction ripper 
than resulted from the agricultural subsoiler. These larger clods 
later interfered with seedbed preparation. 

Xaize yield results from 1976 are given in Table 1. Although 
the grain yields are one-third to one-half the yields normally 
achieved in Iowa; they show that maize responded markedly to differ- 

, ent tillage treatments, and that tillage can have a significant role 
in restoring mined land productivity. The greater plant density in 
the plots tilled with the agricultural subsoiler indicated that the 
best seedbed resulted from this treatment. 

Table 1. Maize plant density and grain yield data from tillage 
trials at the Iowa Coal Project Demonstration Mine, 1976. 

Tillage 
imp 1 emen t 

Plant Grain moisture Grain + 
density content yield 

Plantslha Percent by weight ~uintalslha* 

Check, no deep tillage 26,050 37 17.5 

Agricultural Subsoiler 33,950 22 37.0 

Construction ripper 27,050 25 25.5 

+Average of eight samples. 

*Adjusted to 15% moisture content. 



In 1977 another trial was conducted to again measure the res- . 
ponse of maize to different tillage treatments. But plant stress due 
to drought and high temperature occurred in late June and early July 
and caused a total loss of maize grown on plots receiving the various 
deep tillage treatments. The stress of drought and high temperature 
coincided with pollination, and that can significantly reduce, or 
cause a total loss of, maize grain yield (Shaw and Laing, 1966). The 
check plot, however, yielded approximately 16 q/ha, almost the same 
as in 1976. This check plot yield was achieved because pollination 
did not occur until one week later than in the maize grown on the 
deep-tilled plots, and the later pollination coincided with a period 
of cooler weather with some precipitation. 

The delayed pollination in maize grown on check plots in 1977 
and a greater moisture content of grain harvested from check plots in 
1976 (Table 1) indicated that maize plants growfi without deep tillage 
of the compacted soil were delayed in reaching physiological maturity. 
That is, moisture and oxygen were early and simultaneously made 
available to maize roots by the deep tillage and that enhanced rapid 
and early growth of maize. Rapid and early growth of maize is nor- 
mally desired in Iowa (Benson and Thompson, 1974). 

After the early summer drought of 1977 had destroyed most of the 
corn crop, an extremely wet period began in August. Water-table 
levels were measured at or slightly below the ground surface in deep- 
tilled plots, and this condition persisted throughout the fall. 
These high water tables prevented timely tillage and other farming 
operations. TO correct this problem, installation of a subsurface 
tile drainage system was investigated. 

Tile Drainage 

Figure 1 shows a cross-section drawing of a portion of the 
reclaimed demonstration mine. Hydraulic conductivity values were 
estimated with an in situ double ring infiltometer apparatus. The -- 
ranges of hydraulic conductivities for replaced surface soil, subsoil, 
and compacted consolidated overburden were 60-90, 1-10 and 0.1-1 
cmlday, respectively. It is clear from these data that the movement 
of groundwater resulting from infiltrated rainfall will be confined 
to the upper two layers because of the extremely low hydraulic con- 
ductivity of the compacted consolidated overburden. 

Calculations 

Calculations were undertaken to determine if groundwater under 
normal conditions of flow through the replaced soil materials would 
cause waterlogging problems on the terraces or the slopes portions 
connecting the terraces, which might cause instability and slides. 
It was assumed that 25 cm of the 84 cm of annual rainfall at the mine 
site would reach the groundwater and that a rate of recharge to be 
expected in the spring would be 1.4 times the annual rate. The cal- 
culations showed that accumulated water would break out of the sloped 
portion connecting the terraces after moving 370 horizontal feet 
across the site. This was good evidence to show that a tile drainage 
system was needed. 

Equations based on Dupuit-Forchheimer theory were developed to 
find the expected water table for the hydrologic conditions pre- 
viously estimated. In a first analysis, a tile line was "located" at 
the toe of the slope connecting the terraces and 8 feet below the 
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ground surface, as shown in Figure 2 .  The 1% slope of the terrace 
was neglected in the analysis. The points along the theoretical water 
table, shown as the dotted line, were determined by solving the two 
simultaneous equations: 

For Region A (Horizontal Region) 

For Reoion B (Sloped Region) 

where u = 
- acK/R 2 
- c K / ~  . g = (a - &R/K)'/', and f(c) was determined from 

boundary conditions. In these equations (p is the center of the 
coordinate system) 

x = horizontal distance 
y = vertical distance 
a = slope 
R = recharge rate 
K = hydraulic conductivity 
c = a constant. 

More recently, Prunty and Kirkham (1979)provided an additional 
analysis of the problem of placing a tile drain in an optimum locatioq 
on each benched terrace. Their study determined the maximum water 
table height for six combinations of R/K and depth of tile. They 
determined that the optimum position of the drain in general was 
beneath the terrace bench and relatively near the toe of the slope 
connecting terraces. 

In the spring of 1978, plots were established to compare the 
effects of tile-drained plots with undrained plots. Deep-tillage 
treatments were also placed on these plots. A wet spring prevented 
timely installation of tile and farming operations. Although yields 
ranged from 0-78 qlha, no definitive responses could be measured in 
this first year of the experiment. This study will be continued. 

Summary 

Maize physiological maturity and grain yield have been shown to 
be influenced by deep tillage of compacted soil at a reclaimed surface 
mine. Farming operations, however, have been delayed at this site by 
water-logged soils. These observations and other calculations have 
indicated that both tile drainage and deep tillage may be necessary 
in replaced soils where compacted horizons hinder root growth and 
water movement. 

Continuing studies at the Iowa Coal Project Demonstration Mine 
will study the effect of various combinations of deep tillage and tile 
drainage on restoring a compacted soil and its productive capacity. 
Deep tillage can affect immediate changes in soil properties, but the 
degree of success may be dependent on water content at the time of 
tillage and thereafter. Changes in soil properties from tile drainag~ 
other than lowering the water table, are much slower to demonstrate. 



For example, Hundal, Schwab, and Taylor (1976) reported improvements 
in several soil properties but only 16 years after installation of 
the tile drainage system. It is hoped that combinations of deep 
tillage and tile drainage can affect desirable changes in soil pro- 
perties in a much shorter time at this reclaimed mine site. 
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F i p e  1. Cross section of terrace prof i le  at the  Iowa 
Coal Project Permstration Mine. 
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Finye 2. Ekaple of calculated water table shown with t i l e  
"located" 0.6m above s p i l  barrier and a t  the toe 
of the slopes. 
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Pot exper iments  on t h e  i n f l u e n c e  of s o i l  p o r o s i t y  and s o i l -  

w a t e r - p o t e n t i a l  on t h e  development, y i e l d  and wate r  con- 

sumption of sugar  b e e t s .  
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Abs t r ac t  

By means of greenhouse exper iments  t h e  i n f l u e n c e  of a 
d i f f e r e n t i a t e d  wate r  supply and d i f f e r e n t  s o i l  p o r o s i t i e s  

on t h e  development and p roduc t ion  of sugar  b e e t s  has  been 

i n v e s t i g a t e d .  Three d i f f e r e n t  bu t  c o n s t a n t  l e v e l s  of S o i l -  

w a t e r - p o t e n t i a l  have been mainta ined over  t h e  whole vege- 

t a t i o n  p e r i o d  of twelve weeks. R e s u l t s  of  t h o s e  i n v e s t i -  

g a t i o n s  might be  impor tan t  f o r  s o i l  t i l l a g e  and i r r i g a t i o n  

schedules .  

1. I n t r o d u c t i o n  

Pot exper iments  have s p e c i a l  advantages  i n  i n v e s t i g a t i n g  

t h e  requi rements  of sugar  b e e t s  f o r  p h y s i c a l  c o n t e n t s  of  

s o i l s  and f o r  wate r  supply:  

- c o n t r o l l e d  and n a t u r a l  environments can be inc luded  

( 2 ) ;  

- po t  exper iments  a l low t h e  r e d u c t i o n  of t h e  numerous 

s o i l  parameters  on t h e  most impor tan t  ones  ( 3 ) ;  

s o i l  d e n s i t y  and s o i l  h e t e r o g e n i t y  can be o f f e r e d  

t o  t h e  p l a n t  wi thout  any d i f f i c u l t i e s ;  

- a new developed method f o r  ma in t a in ing  t h e  s o i l -  

w a t e r - p o t e n t i a l  i n  greenhouse p o t s  can be  used f o r  

a good water  d i s t r i b u t i o n  i n  t h e  po t  even at  t imes  

w i t h  h igh  p l a n t  growth ( 5 ) ;  

- t h e  wate r  consumption i n  r e l a t i o n  t o  t h e  p l a n t  

growth can be i n v e s t i g a t e d  e i t h e r  under cons t an t  



or not-constant soil-water-potentials. 

2. Materials and methods 

Big pots (D = 39 cm, H = 44 cm) were filled with a loamy 
soil (water content = 22 % by weight) at different soil 
porosities by means of an hydraulic jack and were placed 

in greenhouses ( 4 ) ,  ( 7 ) ,  fig. 1 

Fig. 1: Some of the used pots placed in a 

greenhouse; styropor material reduces 

evaporation 

A special system of ceramic candles allowed to investigate 

the quantitative water consumption of single beet plants 

(species: Gemo). This system consists of vertical ceramic 

candles, which are installed in the soil, storage water 

bottles 8, switching manometer 7 ,  an electronical equipment 
4 and a vacuum pump 1, fig. 2. For the control of the soil- 



w a t e r - p o t e n t i a l  ( Y 1  = - 0.05 b a r ,  Y = - 0.20 bar,Y = 
2 3 

- 0.60 b a r )  t ens iome te r s  were i n s t a l l e d  i n  some of 

t h e  greenhouse p o t s .  

1 Vocuumpump 8 VwrbStlasshe 
26 Unterdruckbehdlter 9 LufMmmMowhe 

I 7  Monometer mit Grenrweihshalter 10 kemmiwhe Kene 
L ~egdverrtbrker frir Stinkiten A 11 Oetiin mil Baden 
S Elektromagnetvenfd 

F i g .  2: A system f o r  supply ing  greenhouse p o t s  

w i t h  wate r  according t o  t h e  so i l -wate r -  

p o t e n t i a l  

3 .  R e s u l t s  

3 . 1  Development of t h e  l e a f  a r e a  du r ing  12 weeks 

A s  drawn i n  f i g .  3 t h e  measurements of l e a f  a reasshows  

obvious d i f f e r e n c e s  r e l a t e d  t o  water supply.  

F i g .  3: The l e a f  a r e a  - t i m e - r e l a t i o n s h i p  of 

sugar  b e e t s  a t  t h r e e  d i f f e r e n t  cons t an t  

s o i l - w a t e r - p o t e n t i a l s  Y ( b a r ) ;  average 

v a l u e s  of 4 s i n g l e  p l a n t s .  

Data sugges t  t h a t  t h e  h i g h e s t  s o i l - w a t e r - p o t e n t i a l  (Y1) 

produced maximum l e a f  a r e a  which was 4.500 cm2 a t  y i e l d  

t ime.  Only 3.000 cm2 l e a f  a r e a  were reached when so i l -wa te r -  

p o t e n t i a l  was Y g  = - 0.60 bar. 



3.2 Dry m a t t e r  y i e l d  of b e e t s  

The y i e l d s  o f  suga r  b e e t s  i n  r e l a t i o n t o  t h r e e  d i f f e r e n t  
s o i l - w a t e r - p o t e n t i a l s  and two d i f f e r e n t  s o i l  p o r o s i t i e s  
a r e  g i v e n  i n  t a b l e  1. The h i g h e r  s o i l  p o r o s i t y  i n c r e a s e d  
b e e t  r o o t  y i e l d s  i f  p o t e n t i a l  v a l u e s  a r e  no t  t o o  high. 

Table  1: Dry m a t t e r  b e e t  y i e l d s  r e l a t e d  t o  
d i f f e r e n t  s o i l  p o r o s i t i e s  and so i l -wa te r -  
p o t e n t i a l s ;  
average  v a l u e s  of 3  s i n g l e  p l a n t s .  

3 . 3  Water consumption 

I 

y1 - - - 0 .05  b a r  
Y 2  = - 0.20 b a r  
Y 3  = - 0.60 b a r  

Accumulated wa te r  c o n s u ~ p t i o n  and t h e  l e a f  a r e a  development 

of f i g .  3  a r e  s h o w n i n  f i g .  4 .  

F i g .  4 :  Accumulated wate r  consumption - 
t i m e - r e l a t i o n s h i p  ( d o t t e d  c u r v e s )  
a t  t h r e e  d i f f e r e n t  c o n s t a n t  s o i l -  

Pore  volume (Vol % )  

w a t e r - p o t e n t i a l s  ( b a r ) ;  no t  d o t t e d  
cu rves  a r e  t h e  s ane  a s  i n  f i g .  3. 

40 

70.4 g 
101.5 g 

84.6 g 

47.5 
89 .1  g 

116.2 g  

84.7 g 



Decreasing t h e  s o i l - w a t e r - p o t e n t i a l  t o  - 0.05, -0.20 and 

- 0.60 bar  water consumption a f t e r  12 weeks decreased by 

28,  24 and 1 4  1, r e s p e c t i v e l y .  The weekly consumption of 

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

a r e a  p e r  p l a n t ,  w i t h  a s l o p e  of 1.1 and a c o r r e l a t i o n  

c o e f f i c i e n t  of  0.97,  f i g .  5, i n d i c a t i n g  t h a t  t h e  s l o p e  i s  

not  c o r r e l a t e d  t o  so i l -mo i s tu re  t e n s i o n .  

F i g .  5: The e f f e c t  of l e a f  a r e a  on t h e  weekly 

water  consumption of s i n g l e  sugar  b e e t  

p l a n t s  

4. Conclusions  

Using t h e  d e s c r i b e d  method f o r  ma in t a in ing  t h e  so i l -wa te r -  

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

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

consumptive u s e  of wate r  can be  i n v e s t i g a t e d  f o r  suga r  

b e e t s .  E s p e c i a l l y  t h o s e  d a t a  a r e  a v a i l a b l e  which d e s c r i b e  

t h e  r e l a t i o n s h i p  between water  consumption and a v a i l a b l e  

water-holding c a p a c i t y  of s o i l s  due t o  s i n g l e  sugar  b e e t  

p l a n t s .  I n  t h e  f u t u r e  no t -cons tan t  I - l e v e l s  w i l l  b r i n g  

r e s u l t s  showing wa te r  requi rements  f o r  suga r  b e e t s .  

I n  combination w i t h  evapor imeters  t h e  l e a f  a r e a  might be  a  

f i rs t  parameter a v a i l a b l e  t o  i r r i g a t i o n  schedules  ( 6 ) .  It 
i s  neces sa ry  t o  check t h i s  t h e s i s  by new po t  exper iments  i n  

greenhouses  and o u t s i d e  i n  t h e  f i e l d .  Inc lud ing  a r t i f i c i a l  

l e a f  a r e a  r e d u c t i o n  t h e  q u e s t i o n  i s  t o  be  answered which 

amounts of  wate r  might be saved i n  i r r i g a t e d  f i e l d s .  Posi -  

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



select smaller leaf apparatus for sugar beets (1). 
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EFFECTS ON SEEDLING EMERGENCE OF SOIL SLAKING AND CRUSTING 

Dept. o f  SoiZ Sciences, Swedish University o f  AgricuZturaZ Sciences, 
S- 750 07 UppsaZa, Sweden. 

The objectives of  the seedbed preparation were studied i n  modeZ ezperiments. 
Seedbeds o.f defined characters were b u i l t  up i n  shaZZow pZastic bozes, and the 
crop emergence was studied. One group of  experiments concerned probZems c m e c t e d  
with surface sZaking and crusting. I t  was concZuded that  - i n  the fieZd - oqgen  
deficiency hampering the crop emergence i s  rare, but can occur i f  the  bioZogicaZ 
ac t i v i t y  i n  the soiZ i s  high. NormaZZy no probZems arise  un t i l  a d q  susface 
crust fonns. To decrease the r i sk  of poor emergence by crusting, the sowing 
shouZd be shaZZow - as shaZZow as possibZe rjith regard t o  the r i s k  of  drought. 
Coarse structure i n  the surface layer increases the r i s k  m t h e r  thmz decreawc i*. 

INTRODUCTION 

I n  Swedish a g r i c u l t u r e  t he  seedbed prepara t ion  and sowing o f t en  cause prob- 
lems. The main crops a r e  spr ing  sown small  g r a i n  cereals,  normal ly  sown i n  
f i e l d s  ploughed i n  t he  autumn w i t h  a mouidboard plough. I n  most cases t h e  s o i l  
i s  wet a t  t he  end of  t he  w in ter ,  bu t  i t  d ra ins  r a p i d l y  as soon as t he  f r o s t  
leaves t he  s o i l .  T i l e  dra inage i s  usual. I n  t he  spr ing  t he  weather i s  normal ly  
d r y  and the  uppermost few cent imeters d ry  ou t  by evaporation. At sowing t ime 
the mois tu re  grad ien t  i n  the seedbed i s  u s u a l l y  sharp. Clay s o i l s  a r e  wide- 
spread and i n  them the  mois tu re  content  of  t he  sur face  l aye r  i s  o f t en  f a r  be- 
low the  w i l t i n g  percentage ( K r i t z  1976 b) .  Concequently, and because d ry  
weather f requent ly  occurs a f t e r  sowing, a s u i t a b l e  sowing depth and a good 
p r o t e c t i v e  e f f e c t  aga ins t  evaporat ion a r e  essen t i a l .  Occasional ly  r a i n f a l l  
may cause surface c rus t i ng .  

Sowing should be done as e a r l y  as poss ib le  i n  o rder  t o  maximally u t i l i z e  
t he  vegeta t ion  per iod  and t o  ge t  germinat ion be fore  t he  sur face l a y e r  d r i e s  
out .  Hioh machinerv caoac i tv  t h a t  enables sowinq t o  be f i n i s h e d  w i t h i n  a few 0 , , - 
days i s  important .  

At t he  D i v i s i o n  o f  S o i l  Management, Swedish U n i v e r s i t y  of  A g r i c u l t u r a l  
Sciences, one o f  t he  experimenrai programs concerns seedbed prepara t ion  and 
sowing. At t h i s  conference some r e s u l t s  from th ree  c l o s e l y  connected p r o j e c t s  a r e  
presented: The cond i t i ons  a t  spr ing  sowing ( K r i t z ) ,  t he  ob jec t i ves  of  t h e  Operat- 
ions ( t h i s  paper), and the means and implements a v a i l a b l e  ( ~ e n r i k s s o n ) .  

MODEL EXPERIMENTS INTO THE FUNCTION OF THE SEEDBED 

Since 1968 t h e  ob jec t i ves  o f  the seedbed prepara t ion  have been s tud ied  i n  
about f i f t y  model experiments w i t h  t he  f u n c t i o n  o f  t he  seedbed. Some r e s u l t s  
have been reported e a r l  i e r  (~Skansson & von Polgdr 1976, 1977). Most of  t he  exp- 
er iments have been c a r r i e d  ou t  as po t  experiments i n  shal low p l a s t i c  boxes. I n  
most cases smali  g r a i n  cerea ls  were sown, i n  o thers ,  o i l s e e d  rape. sugarbeet, 
c l ove r  o r  t imothy.  The most important  c rop  emergence problems i n  Swedish a g r i -  
c u l t u r e  were studied,  e s p e c i a l l y  the fo l low ing :  
I. How should t he  seedbed be formed t o  g i v e  good emergence when d ry  weather 

to1  !ows the  seeding? (Previous1 y reported).  
2 .  I n  which way i s  t he  emergence hampered by surface s l ak ing  and c r u s t i n g ?  What 

can be done t o  improve the  emergence?(Summarized i n  t he  present paper). 
3. What i s  t he  e f f ec t  on t he  emergence of a packing o f  t he  seedbed by r o l l i n g  

a f t e r  sowing? 
4. How does t he  q u a l i t y  of  t h e  seed i n f l uence  the  demands on t h e  seedbed, and 

what a re  t he  demands from crops w i t h  small  seeds? 
The fo l l ow ing  f ac to rs  a r e  regarded as dec i s i ve  f o r  crop emerqence under 

Swedish cond i t i ons  and most o f  them were used as va r i ab ies  i n  t he  experiments. 
I .  Factors cha rac te r i z i ng  t he  seedbed a t  sowing t ime ( the  i n i t i a l  s t a t e ) :  S o i l  

type, depth of  the seedbed and depth v a r i a t i o n s ,  aggregate s i z e  d i s t r i b u t i o n  
of  t he  seedbed, s t r u c t u r e  of  t he  l aye r  below, mois tu re  cond i t i ons  of t h e  
seedbed and of  t he  l aye r  below, seed depth d i s t r i b u t i o n ,  s t a t e  of looseness 
o r  compactness of  t he  seedbed (poss ib ly  r o l l i n g  immediately a f t e r  sowing). 



2. Factors de te rmin ing  o r  mod i fy ing  t he  cond i t i ons  i n  t he  seedbed dur ing  t he  
germinat ion  and emergence per iod :  Temperature, p r e c i p i t a t i o n  ( t ime,  amount, 
i n t e n s i t y ) ,  p o t e n t i a l  evaporat ion,  t i l l a g e  operat ions.  

3 .  Factors c h a r a c t e r i z i n g  t he  seed: Crop (species,  v a r i e t y ) ,  seed q u a l i t y .  
In  the  f i r s t  o f  t he  p rev ious  repo r t s  t h e  techniques used were presented. Most 

o f  the  experiments comprised a l a r g e  number o f  t reatments i n  a p o l y f a c t o r i a l  
design ( f o r  instance,  3 x  3 x  2 x 2 = 36 t reatments i n  dup l i ca te ,  i n  a l l  72 boxes). 
Seedbeds o f  we l l -de f ined  charac te rs  were b u i l t  up i n  p l a s t i c  boxes w i t h  an area 
o f  0.2 m2 and a depth o f  11.5 o r  22.5 cm. Many d i f f e r e n t  s o i l s  were used. The s o i l  
was d r i e d  o r  moistened t o  des i r ed  mo is tu re  con ten t .  Often i t  was s ieved i n t o  
d i f f e r e n t  aggregate f r ac t i ons .  A p rescr ibed  number o f  seeds were sown a t  a p re-de ter -  
mined depth. 

A f t e r  sowing, t he  boxes were p laced i n  t he  f i e l d ,  d i r e c t l y  on the  s o i l  surface. 
They were p ro tec ted  from r a i n f a l l  by a p l a s t i c  roo f .  Watering, i f  done, was 
normal ly  done by hand. Sometimes " r o l l i n g "  o r  c r u s t  breaking was c a r r i e d  ou t .  From 
the  f i r s t  day o f  emergence, d a i l y  counts o f  t he  emerged p l a n t s  were made f o r  two 
o r  t h ree  weeks. A f t e r  t h a t  the  experiments were f i n i shed .  

THE SEEDBED AS A PROTECTiVE LAYER AGAINST DROUGHT 

Al though i t  goes ou t s i de  t he  theme o f  t h i s  paper, a shor t  summary i s  g iven  
here o f  the  p r e v i o u s l y  repor ted  experiments (Hskansson & von PolgLr  1976, 1977) 
i n t o  problem I ,  mentioned above. The f i r s t  r epo r t  d e a l t  w i t h  seven experiments 
w i t h  the  ques t ion :  How deep and how f i n e  must the  seedbed be t o  p rov ide  an 
e f f e c t i v e  p r o t e c t i v e  l a y e r  aga ins t  evaporat ion? The seed was p laced d i r e c t l y  on to  
a mo is t  bottom and covered by a n e a r l y  a i r - d r y  sur face layer .  No water ing  was 
made. The s o i l s  had a c l a y  content  between 33 and 57 per  cen t .  On such s o i l s  poor 
emergence throuqh drought  o f t e n  occurs i n  Sweden. 

From the  r e s u l t s  t he  f o l l o w i n g  p r a c t i c a l  conc lus ions  were drawn. For small  
g ra i ns  a seedbed a t  l e a s t  4 cm t h i c k  and dominated by aggregates f i n e r  than 4 mm 
g i ves  s u f f i c i e n t  p ro tec t i on .  Th i s  app l i es  i f  seed o f  good q u a l i t y  - i n c l u d i n g  
r a p i d  germina t ion  - can be p laced d i r e c t l y  on to  t he  bottom o f  t he  seedbed and 
t he re  i s  a t  i e a s t  5 per  cent  p l a n t - a v a i l a b l e  water i n  t he  bottom layer .  At  s p r i n g  
sowing i n  Sweden a poorer  mo is tu re  s i t u a t i o n  than t h a t  i s  ve ry  seldom found 
( K r i  t z  I976 a ) .  I f  t he  requirements mentioned can be f u l f i l  l ed ,  then good emergence 
can n e a r l y  always be expected, even when no r a i n  f a l l s  and t he  p o t e n t i a l  eva- 
p o r a t i o n  i s  h igh.  Thus, improved seedbed p repa ra t i on  and sowing cou ld  n e a r l y  
comple te ly  remove t he  r i s k  o f  poor emergence through drought .  

The second repo r t  d e a l t  w i t h  f ou r  experiments w i t h  the  quest ion:  I f  t he  seed- 
beo con ta i ns  coarse as w e l l  as f i n e  aggregates, which t rea tment  g i ves  t he  best  
emergence r e s u l t ,  a  mix ing  o f  t he  aggregates o r  a s o r t i n g  w i t h  the  coarse 
aggregates a t  the  sur face? The boxes were no t  watered. The s o i l s  had c l a y  con ten ts  
ranging between 28 and 52 per cen t .  

The r e s u l t s  showed t h a t  when t he  coarse and t he  f i n e  aggregates had t he  same 
mo is tu re  con ten t ,  then i t  made l i t t l e  d i f f e rence  whether they  were mixed o r  s t r a t i -  
f ied .  I f  t he  coarse aggregates were d r i e s t ,  then they should be p laced a t  t he  sur -  
face, and i f  they were we t t es t ,  then they should be p laced as deep as poss ib le .  
Thus, when harrowing i n  c o n d i t i o n s  w i t h  a sharp mo is tu re  g rad ien t ,  t he  d r y  sur face 
m a t e r i a l  should be re ta i ned  near t he  sur face  and t he  mo is t  bottom m a t e r i a l  near  
t he  bottom, i r r e s p e c t i v e  o f  aggregate s i ze .  Under d r y  weather cond i t i ons  t h e r e  i s  
no reason f o r  s o r t i n g  t he  coarse aggregates t o  t he  surface. The idea l  implement 
has bo th  a low m ix i ng  e f f e c t  and a low s o r t i n g  e f fec t .  

EXPERIMENTS WITH OGYGEN DEFICIENCY IN THE SEEDBED 

Two new repo r t s  a re  now under p repa ra t i on  concerning experiments w i t h  problem 
2 ,  mentioned above ( s l a k i n g  and c r u s t i n g  problems). The f i r s t  o f  these covers 
t h ree  experiments i n  which t he  aim was t o  e l u c i d a t e  t he  ex ten t  t o  which s l a k i n g  
and h i g h  mo is tu re  s a t u r a t i o n  cou ld  cause oxygen de f i c i ency  hampering the  emergence. 

These experiments were c a r r i e d  ou t  i n  22.5 cm deep boxes w i t h  a s o i l  depth o f  
20 cm. A f t e r  sowing, the  boxes were watered u n t i l  f r ee  water formed i n  t he  bottom. 
The l e v e l  was c o n t r o l l e d  by smali  ho les  bored through t he  w a l l s  near t h e  bottom. 
The experiments were c a r r i e d  o u t  a t  a t ime o f  t he  year when the  p o t e n t i a l  eva- 
p o r a t i o n  was ve ry  low (mean va lue  l ess  than  0.4 mmfday f o r  a l l  t h e  expe r i -  
ments). Therefore i t  was poss ib l e  by repeated, smal l  water ings throughout  t he  
exper imental  pe r i od  t o  compensate f o r  t he  evaporat ion and keep t he  s o i l  con t -  
inuous ly  wet, w i t hou t  adding l a r g e  amounts o f  water  w i t h  d i sso l ved  oqygen. Each 
water ing  was normal ly  2 mm. 

The f i r s t  experiment (M7/69) was performed outdoors w i t h  two s o i l s  o f  r a t h e r  
low o rgan i c  content ,  a c l a y  s o i l  and a s i l t  loam s o i l .  Three aggregate 



f r a c t i o n s  i n  t he  surface l aye r  were used ( < b ,  4-8 and 8-16 mm). 3 sowing depths 
(2, 4.5 and 7 cm) and two water ing  t reatments (repeated water ing  and no repeated 
water ing) .  Both t he  l a rge  water ing  immediately a f t e r  sowing and the  repeated 
water ings were done gen t l y ,  so t h a t  t he re  was a minimum o f  sur face  s lak ing .  I n  
t he  c l a y  the s l ak ing  was very  shal low, bu t  i n  the s i l t  loam i t  was deeper. The 
c rop  was bar ley .  

At no repeated water ing  t he  f i n a l  emergence (Table 1) on average reached the  
h i g h  l e v e l  o f  91 per  cent  f o r  bo th  so i l s .Th i s  shows t h a t  t he  cond i t i ons  were 
very  good. No hardening o f  t h e  surface l aye r  ocurred. At repeated water ing  t he  
emergence was s t i l l  b e t t e r  i n  t he  c lay,  proving t h a t  there  was no oxygen de- 
f i c i e n c y .  I n  t he  s i l t  loam a s l i g h t  decrease o f  t h e  emergence ocurred, e s p e c i a l l y  
a t  t he  f i n e s t  aggregates. There was probably a s l i g h t  oxygen def ic iency .  The 
experiment shows t h a t  under Swedish cond i t i ons  an oxygen def ic iency  hampering 
t he  crop emergence must be uncommon. (The s i t u a t i o n  when the ground water r i s e s  
t o  t he  seed l eve1 f o r  more than a sho r t  pe r i od  i s  d isregarded).  

TO t e s t  a s t i l l  more severe s i t u a t i o n  two new experiments ( ~ 6 / 7 4  and ~ 7 / 7 4 )  
were c a r r i e d  ou t .  They were arranged s i m i l a r l y  t o  t he  previous one, bu t  t h e  
i n i t i a l  water ing  was done a t  h i gh  i n t e n s i t y ,  p rov id i ng  a deeper s lak ing .  The s o i l  
(a f i n e  sandy loam) s laked eas i l y .  The organ ic  content  was 4.5 per  cent  and t h e  
s o i l  had a small  content  o f  undecomposed grass sod. Three crops were sown 
( o i l  seed t u r n i p  raps, wheat and peas) a t  two sowing depths (3 and 6 cm). TO 
produce a h igh  oxygen consumption, e a s i l y  decomposable organ ic  mat te r  was added 
t o  the s o i l .  The l a y e r  cover ing  t he  seed was homogeneously mixed w i t h  ba r l ey  
meal i n  amounts 0, 0.25 and 2 per cent .  I n  most boxes repeated water ings  were 
c a r r i e d  ou t  as p rev ious l y  described, but i n  a d d i t i o n  t he re  were some boxes, 
sown w i t h  wheat, wh i t h  no repeated water ings.  The two experiments were c a r r i e d  
ou t  i n  a greenhouse and were i d e n t i c a l  apar t  from the  temperature (constant  

6 temperatures o f  +17 C and + ~ O C ) .  
Table 2 shows t h e  f i n a l  emergence. I t  was q u i t e  c l e a r  t h a t  a severe oxygen 

d e f i c i e n c y  ocurred.  I n  t he  boxes w i t h  ba r l ey  meal t he re  was an i n tens i ve  
m ic rob ia l  a c t i v i t y  and s t r i k i n g  s igns o f  anaerabic cond i t i ons  (odour, change 
i n  c o l o u r ) .  Even i n  t he  boxes w i t hou t  ba r l ey  meal t he re  were some s igns of  
oxyqen def ic iency .  The deeper s l ak ing  and t h e  small  amount o f  grass sod made the  
oxygen supply poorer than i n  t he  e a r l i e r  experiment. Small v a r i a t i o n s  i n  t r e a t -  
ments between the  r e p l i c a t e s  caused d r a s t i c  d i f f e rences  i n  emergence, showing 
t h a t  t he  oxygen supply was j u s t  a t  t he  c r i t i c a l  l e v e l .  The d i f f e rences  between 
the  crops a re  no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

TABLE 2 .  Experiment M7/69. Per cent emergence a t  the finaZ plant counting. 

Clay S i l t  loam 

No repeated water ing  92 9 1 

Repeated water ing  95 88 

TABLE 2. Experiments M6/74 and M7/74. Per cent emergence at the fimZ 
pZant counting. 

Bar ley  Sowing M6/74, + 1 7 ' ~  M7/74, + 7 ' ~  
meal, depth, 
% cm Rape Wheat Peas Wheat, no 

Wheat' Rape Wheat Peas watering water ing  

o 3 6 37 13 56 49 21 64 
6 0 32 8 84 11 21 23 58 



The boxes w i t h  no repeated water ing8 show r e s u l t s  which might  appear un- 
expected.However. bo th  t he  germinat ion and t he  oxygen shortage developed more 
s l ow l y  a t  the  lower temperature than a t  t he  h igher ,  and apparen t ly  t he  emergence 
was l ess  delayed than the  development o f  oxygen de f i c i ency .  

On the  whole, t he  t h ree  experiments show t h a t  under normal f i e l d  cond i t i ons ,  
oxygen de f i c i ency  hampering the  c rop  emergence can occur  i f  heavy r a i n  causes 
deep s l a k i n g  and cont inuous ly  mo is t  weather f o l l ows  a t  the  same t ime as t he  
ground water l e v e l  i s  h igh,  and t he re  i s  a h i gh  b i o l o g i c a i  a c t i v i t y  i n  the  s o i l .  
Th i s  s i t u a t i o n ,  however, must be regarded as ra re ,  even on f i n e  sandy and s i l t y  
s o i l s  w i t h  a weak s t r u c t u r e .  Thus, from a p r a c t i c a l  p o i n t  o f  view, on most 
l o c a l i t i e s  t he  s i a k i n g  can be regarded as no problem u n t i l  a  c r u s t  forms t h a t  
i s  too  d r y  and hard f o r  the  seedl ings t o  penetrate.  

EXPERIMENTS WITH SURFACE CRUSTING 

The second of the  repo r t s  under p repa ra t i on  covers a group o f  t en  experiments, 
i n  which t he  probiems w i t h  impedance from a sur face c r u s t  were s tud ied .  The s o i l s  
used had c l a y  con ten ts  between 20  and 48 per  cent. I n  many cases they were r i c h  i n  
f i n e  sand and s i l t ,  and were chosen because they show c r u s t i n g  problems i n  p r a c t i c a l  
farming. The i n i t i a l  mo is tu re  content  was always so h i gh  t h a t  t he re  was water 
enough f o r  t he  germinat ion.  In e i g h t  experiments t he  c rop  was ba r l ey ,  i n  two o i l -  
seed rape. The c r u s t  was produced by i r r i g a t i n g  t he  boxes and then l eav ing  them f o r  
d r y i ng .  

I t  i s  normal ly  considered t h a t  a coarse s t r u c t u r e  i n  t he  sur face  l a y e r  reduces 
the  c r u s t i n g  problems. Consequentiy t he  aggregate s i z e  o f  t he  sur face l aye r  was 
used as a v a r i a b l e  i n  a l l  the  experiments. I n  most cases t he  sowing depth was a l s o  
va r i ed ,  and i n  a d d i t i o n  one o r  more o f  t he  f ac to r s  t ime, amount, i n t e n s i t y  and 
drop s i z e  o f  the  i r r i g a t i o n .  I n  two experiments c rus t -b reak ing  t reatments were i n -  
t roduced. 

The c r u s t  formed e a r l i e r  o r  l a t e r  depending upon the  mo is tu re  content  o f  t he  
s o i l  and the  evapora t ion  ra te .  The e f f e c t  on t he  emergence va r i ed  depending upon t he  
hardness, th ickness  and c rack ing  o f  t he  c r u s t  and upon t he  t ime o f  hardening. The 
t ime o f  i r r i g a t i o n  was important .  Ea r l y  i r r i g a t i o n  caused e a r l y  hardening, be fo re  the  
p l a n t s  emerged. A f t e r  a small  amount o f  water the  c r u s t  was r e l a t i v e l y  t h i n  and weak, 
bu t  i t  formed e a r l y  and the  emergence e f f e c t  there fo re  sometimes was worse than a f t e r  
a l a r g e  amount. 

The sowing depth appeared t o  be a very  important  f a c t o r  (F ig  1 ) .  At sha l low 
sowing a l a r g e r  number o f  p l a n t s  emerged before the  c r u s t  began t o  harden than a t  
deep sowing. 

The aggregate s i z e  d i d  no t  have t he  expected e f f e c t  (F ig  2) .  The e f f ec t  va r i ed  
s l i g h t l y  between the  experiments depending upon t he  i n i t i a l  cond i t i ons ,  the  
i r r i g a t i o n  and the  weather, bu t  i n  most cases t he  e f f e c t  was smal l .  On t he  whole, on 
average, t he re  was a decrease i n  emergence w i t h  inc reas ing  aggregate s i z e  r a t h e r  than 
an increase.  I n  a d d i t i o n ,  i n  the  p r a c t i c a l  s i t u a t i o n  when the  r i s k  o f  d r y  weather 
a f t e r  sowing must a l s o  be regarded, sha l low sowing i s  poss ib l e  o n l y  i f  the  s t r u c t u r e  
i s  f i ne .  Thus, the  p r a c t i c a l  conc lus ion  i s  t h a t  sha l low sowing should be used, and 
t h i s  necess i ta tes  a f i n e  s t r u c t u r e .  

loo[ ---- 
-------------- 

Emergence. % 

Aggregate size, mrn 

FIC I .  Crop emergence as a function FIG 2. Crop emergence as a function of 
of the sowing depth i n  the the aggregate size i n  the surface 
di f ferent  eqeriments with layer i n  the different experiments 
surface crusting. with surface crusting. 



PIG 3. Time-depth diagram iZZustrating the importance of  the sowing depth 
a d  of the time of sowing i n  reZation t o  the time when a sZaked 
surface Zayer begins t o  harden. ShaZZow sowing decreases the risk 
of poor emergence by surface crusting. However, a t  too shaZZow sowing 
there ic not - i n  % weather - suff icient  moisture for gemination. 
Coarse structure increases the depth of the moisture deficiency Zayer. 

The importance o f  t he  sowing depth and of  t he  t ime o f  sowing i n  r e l a t i o n  t o  
t he  t ime when a s laked sur face  begins t o  harden i s  i l l u s t r a t e d  i n  F i g  3. Th is  
f i g u r e  a l s o  i n d i r e c t l y  shows t h e  d e s i r a b i l i t y  o f  having a seed w i t h  r a p i d  ger -  
m ina t i on  and seedl ing growth. 

A l i m i t a t i o n  f o r  t he  experiments descr ibed i s  t h a t  they o n l y  cover t he  ger- 
m ina t i on  and emergence phase of  t he  crop. F i e l d  experiments g i v i n g  t h e  e f f e c t s  
on c rop  y i e l d  a re  Fecessary be fore  recommendations f o r  p r a c t i c a l  farming can be 
made. Another l i m i t a t i o n  i s  t h a t  a l l  t h e  experiments descr ibed were c a r r i e d  ou t  
w i t h  a f l a t  s o i l  sur face  ( t he  roughness caused by t he  aggregate s i z e  being d i s -  
regarded). F i e l d  observat ions have shown, however, t h a t  t he  microtopography can 
i n f l uence  the  o r i e n t a t i o n  o f  t he  cracks through t h e  c r u s t ,  and thereby a l s o  the 
emergence. Therefore i n  1979 new experiments were s t a r t e d  t o  study t h i s  inf luence.  

I n  t h e  new se r i es  o f  experiments a m i c r o r e l i e f  i s  formed w i t h  small  r idges  
and furrows,  and the  c rop  rows a r e  sown i n  d i f f e r e n t  p o s i t i o n s  r e l a t i v e  t o  them. 
Sometimes the  cracks have shown a tendency t o  form along t h e  tops of t he  r idges,  
sometimes i n  t he  bottom o f  t he  furrows, most o f t en ,  however, a t  t he  foo ts  of  t he  
r idges .  I f  t he  rows a r e  sown where t he  cracks w i l l  form, t he  emergence can be 
s u b s t a n t i a l l y  f a c i l i t a t e d .  D i f f e r e n t  s t renghts  o f  t he  c r u s t  and t imes of hardening 
on t he  r idges  and i n  t he  furrows a r e  a l s o  of  importance. 

The o r i e n t a t i o n  of  t he  cracks seems t o  depend upon type o f  s o i l ,  aggregate 
s ize ,  amount and i n t e n s i t y  o f  i r r i g a t i o n  and probably o the r  fac tors .  No simple 
r u l e s  have ye t  been found. However, even i n  these experiments coarse aggregates 
have no t  been b e t t e r  than f ine .  These experiments a r e  being continued. 

i lELD  EXPERIMENTS 

A f i e l d  experiment a c t i v i t y  has recen t l y  been s t a r t e d  i n  o rde r  t o  o b t a i n  
a bas is  f o r  p r a c t i c a l  recommendations concerning t h e  seedbed prepara t ion  on 
s o i l s  where c r u s t  fo rmat ion  i s  a severe problem. The f i r s t  s tep  was a se r i es  
o f  24 f i e l d  t r i a l s  c a r r i e d  ou t  i n  1975-1978. The s o i l s  were r i c h  i n  f i n e  sand 
o r  s i l t  and had a c l a y  content  between 8 and 36 per cent .  The c rop  were ba r l ey  
and oats. 

The t r i a l s  comprised four  t reatments i n  a 2 x 2 s p l i t - p l o t  design: 
ShaZZow and deep harrowing and sowing. 
Coarse mzd fine structure i n  the seedbed. 

I n  t he  sha l low harrowing t reatment t h e  mean harrowing depth i n  t he  whole 
s e r i e s  of  t r i a l s  was 3.7 cm and t h e  sowing depth 2.7 cm, i n  t h e  deep harrowing 
t reatment t he  depths were 6.3 and 4.2 cm respect ive ly .  I n  t he  coarse s t r u c t u r e  
t reatment t he  amount o f  aggregates coarser than 5 mm i n  t he  seedbed was 45 per cent ,  
i n  t h e  f i n e  s t r u c t u r e  t reatment i t  was 36 per cent. However, t he re  were l a r g e  
d i f f e rences  among the  t r i a l s  concerning both t he  depths and t h e  aggregate s izes  
o f  t he  seedbed. 



There was no pronounced c r u s t i n g  s i t u a t i o n  i n  any o f  t he  24 t r i a l s .  I n  n e a r l y  
a l i  t he  i n d i v i d u a l  t r i a l s  the  f i n e  s t r u c t u r e  gave a  h igher  c rop  y i e l d  than the  
coarse s t r u c t u r e .  On average, the  advantage was 5 per cent. Depending upon the  
harrowing depths ob ta ined i n  t h e  i n d i v i d u a l  t r i a l s  sometimes t h e  shal low and 
sometimes t he  deep seedbed gave the  h ighes t  y i e l d .  The optimum seemed t o  be a  
harrowing depth between 4 and 4.5 cm and a  sowing depth i n  the  c l ose  p rox im i t y .  

Thus, when no c r u s t i n g  occurs, a  f i n e  s t r u c t u r e  i s  p re fe rab le .  Because a  
c r u s t i n g  s i t u a t i o n  a r i s e s  a t  t he  most one year i n  f ou r ,  a  f i n e  seedbed s u i t a b l e  
f o r  a  d r y  s i t u a t i o n  should be used even on s o i l s  where t he  c r u s t i n g  can be severe, 
unless such a  seedbed g i ves  very  b i g  y i e l d  decreases i n  t he  c r u s t i n g  years. The 
model experiments i n d i c a t e  t h a t  a  f i n e  s t r u c t u r e  i s  acceptable o r  poss ib l y  
p re fe rab le  even those years. 

Because o f  t he  cons i s ten t  r e s u l t s  i n  a l l  t he  t r i a l s  c a r r i e d  ou t ,  t h i s  se r i es  
w i l l  no t  be continued. Instead,  we a re  p lann ing  new experiments, i n  which i r r i -  
g a t i o n  a f t e r  sowing b r i l l  be used to induce c rus t i ng .  I n  these experiments many 
f ac to r s  w i l l  be var ied ,  such as aggregate s ize ,  harrowing and sowing depth, t ime 
o f  sowing, m i c r o r e l i e f  o f  the  s o i l  su r face  and t ime and amount o f  i r r i g a t i o n .  
The m i c r o r e l i e f  seems t o  be important ,  and we hope t o  f i n d  a  r e l i e f  t h a t  on one 
hand favours  c rop  emergence i n  bo th  d r y  and c r u s t i n g  s i t u a t i o n s ,  and on t he  o the r  
hand f a c i l i t a t e s  the  breaking up o f  t he  c r u s t .  
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ABSTRACT 

The r e p o r t  p r e s e n t s  r e s u l t s  o f  some measurements o f  s o i l  p h y s i c a l  
parameters  and r a t e  o f  emergence of b a r l e y  i n  s eed  beds  o f  v a r i a b l e  
aggrega te  s i z e  d i s t r i b u t i o n s .  The s o i l s  used i n  t h e  exper iments  w e r e  
loams and c l a y  loams w i t h  o r g a n i c  m a t t e r  c o n t e n t  i n  t h e  range from 
4 t o  7 p e r c e n t .  

The t o t a l  p o r o s i t y  w a s  h iqh  and o n l y  s l i g h t l y  i n f l u e n c e d  by t h e  s i z e  
of agg rega t e s  f o r  s i e v e d  f r a c t i o n s .  Mixing o f  f r a c t i o n s  r e s u l t e d  i n  
a marked d e c r e a s e  o f  p o r o s i t y .  The a i r  p o r o s i t y  a t  pF 1 . 3  decreased  
wi th  d e c r e a s i n g  aggrega te  s i z e ,  and was s t r o n g l y  reduced by mixing 
of s i e v e d  agg rega t e  f r a c t i o n s .  The r a t e  o f  emergence o f  b a r l e y  was 
most r a p i d  i n  t h e  6-2 m. and 2-0.6 mm aggrega te  f r a c t i o n s ,  and was 
delayed f o r  c o a r s e r  and f i n e r  f r a c t i o n s .  It was a l s o  de layed  f o r  
t h e  most i n t e n s i v e  mixing ( lowes t  t o t a l  p o r o s i t y ) .  

The s o i l  t empera ture  a t  5 c m  and 10 cm depth under a 3  c m  t h i c k  
l a y e r  of  d i f f e r e n t  aggrega te  f r a c t i o n s  a t t a i n e d  t h e  h i g h e s t  maxima 
f o r  t h e  2-0.6 mm and 6-0.6 mm f r a c t i o n s - T h e  matric s u c t i o n  was l o w e r  
under a  3  c m  t h i c k  l a y e r  o f  6-0.6 mrn agg rega t e s  than  under l a r g e r  
and s m a l l e r  agg rega t e s .  The annual  v a r i a t i o n  o f  t h e  aggrega te  
s i z e  d i s t r i b u t i o n  due t o  c l i m a t i c  i n f l u e n c e s  may exceed t h e  v a r i a t i o n  
caused by s o i l  t r ea tmen t s .  



INTRODUCTION 

Research concern ing  t h e  e f f e c t s  o f  aggrega te  s i z e  d i s t r i b u t i o n  on 
o t h e r  s o i l  p h y s i c a l  parameters  and y i e l d  h a s  been conducted i n  p o t ,  
frame, and f i e l d  exper iments  throughout  t h e  l a s t  15 y e a r s  a t  t h e  
Department o f  s o i l  f e r t i l i t y  and management, A g r i c u l t u r a l  U n i v e r s i t y  
of  Norway. A review o f  some o f  t h e  r e s e a r c h  f i n d i n g s  i s  given i n  
t h i s  r e p o r t .  YODER (1937) found t h e  most r a p i d  emergence of  c o t t o n  
p l a n t s  i n  s eed  beds  c o n t a i n i n g  about  h a l f  t h e  agg rega t e s  i n  t h e  range 
of 1/8 t o  1 / 4  i nch  d iameter  and t h e  o t h e r  h a l f  f i n e r .  

MATERIALS AND "IETHODS 

Dry s i e v i n g  

The s o i l s  used f o r  t h e  exper iments  were a i r  d r i e d  and s i e v e d  wi th  an 
e l e c t r i c  s i e v i n g  machine. The s i e v e s  were made from w i r e  and had 
20 mm, 6 mm, 2 mm, 0 - 6  mm square  openings.  The movement o f  t h e  
s i e v e  s e t  was a long  one a x i s i r ,  t h e  h o r i z o n t a l  p l ane .  The f requency 
was 240 p e r  minute ,  t h e  empli tude 12 mm, and t h e  s i e v i n g  t i m e  3 
minutes.  See N J O S  (1965) .  

S o i l  p h y s i c a l  measurements 

The cumulat ive  pore  s i z e  d i s t r i b u t i o n  (pF cu rve )  was determined 
by p r e s s u r e  e x t r a c t i o n .  For t h e  low p r e s s u r e  r an  e v i z .  0.02 - 0 . 1  - 
1 . 0  b a r s ,  t h e  s o i l  samples had a volume o f  100 cm' :ith a h e i g h t  
of 4 cm. For  t h e  h igh  p r e s s u r e  e x t r a c t 5 o n ,  15 b a r s ,  t h e  volume o f  
each s o i l  sample was approximately  4 cm , wi th  a h e i g h t  o f  0.5 cm. 
The g r a i n  s i z e  d i s t r i b u t i o n  was determined acco rd ing  t o  t h e  method 
of GANDAHL (1954) .  I n  t h e  frame exper iments  m a t r i c  s u c t i o n  was 
measured wi th  mercury manometre t ens iome t re s .  The s o i l  t empera ture  
was measured wi th  o r d i n a r y  copper-constantan thermocouples ,  recorded  
and logged f o r  computor p roces s ing .  

Experimental  t echn iques  

I n  t h e  p o t  exper iments  c o n t a i n e r s  w i th  20 cm d iameter  and 20 c m  h e i g h t  
were f i l l e d  w i t h  5 kg d r y  s o i l .  The c o n t a i n e r s  were watered through 
rubber  t u b e s ,  p e r f o r a t e d  n e a r  t h e  bottom o f  t h e  c o n t a i n e r .  20 seeds  
of b a r l e y  were p l a c e d  approximate ly  2 cm below t h e  s u r f a c e .  The 
wa te r ing  regime was c o n t r o l l e d  by weight  acco rd ing  t o  pre-determined 
f i l l i n g - u p  and drying-out  l i m i t s .  The n u t r i e n t s  were mixed w i t h  s o i l  
i n  t h e  d ry  c o n d i t i o n .  I n  one exper iment  N - f e r t i l i z e r  was e i t h e r  
mixed o r  p l a c e d  i n  a band. I n  t h e  frame exper iments  t h e  s o i l  was 
prepared  by o r d i n a r y  t i l l a g e  fol lowed by a p p l i c a t i o n  o f  a 3 cm l a y e r  
of t h e  a c t u a l  aggrega ted  s o i l  on one squa re  metre  p l o t s .  Tensiometres  
and thermocouples w e r e  then  p l aced  a t  pre-determined dep ths .  

Experiment I - P o t  exper iment  i n  growth house.  I n  exper iment  I t h e  
s o i l  w a s  a c l a y  loam (33% c l a y  - 38% s i l t  - 29% sand)  w i t h  6-7 p e r c e n t  
humus. The t r e a t m e n t s  a r e  given i n  t a b l e  1. 



Table 1. Treatments  i n  exper iment  I Agqregate f r a c t i o n s  

Pe rcen t  o f  f r a c t i o n  
Treatment >20mm 20-6mm 6-2mm 2-0.6mm <O., 6mm 

A 0  50 50 
A 1  2 5 2 5 16.7 16.7 16.7 
A2 33.3 33.3 33.3 

VO Watered t o  pF 1 .3  a f t e r  d ry ing  o u t  to  pF 3 
V 1  " pF 4.2 - 

L 
NO 6 g N a s  Ca (NO3)  . 4 aq p e r  m 
N 1  2 4  " N I, I, 

Experiment I1 - Po t  exper iment  i n  growth house. I n  exper iment  I1 
t h e  s o i l  w a s  a c l a y  loam (appr .  30% c l a y  - 4 0 %  s i l t  - 30% sand)  
wi th  4-5 p e r c e n t  humus. The t r e a t m e n t s  a r e  given i n  t a b l e  2 .  

Table 2.  Treatments  i n  experiment I1 

Aggregate N as App l i ca t ion  
s i z e  Ca ( N O 2 )  ?. 4aq method f o r  N 

BO 8 g p e r m  2 CO Mixed i n  upper 5 cm 
B 1  16q " " C 1  Band a t  5 c m  dep th  
B2 32q " " 

Experiment I11 - Frame exper iment  i n  t h e  f i e l d .  I n  t h i s  experiment 
t h e  s o i l  was a loam (24% c l a y  - 35% s i l t  - 4 1 %  sand)  w i t h  4-5 p e r c e n t  
humus. The t r e a t m e n t s  a r e  given i n  t a b l e  3 

Table 3. Treatments  i n  experiment I11 

Treatment 3 cm t o p  l a y e r  o f  

BO agg rega t e s  >20 mm 
B 1  20-6 " 
B2 6-2 " 
B 3 2-0.6 mm 
B 4 < 0 . 6  " 
B5 6-0.6 " 



RESULTS AND DISCUSSION 

Experiment I 

The s o i l  p h y s i c a l  parametres  measured i n  t h e  d i f f e r e n t  aggrega te  
t r ea tmen t s  a r e  given i n  t a b l e  4 .  

Table  4 .  Volume o f  p o r e s ,  w a t e r ,  and a i r  f o r  t h e  aggrega te  f r a c t i o n s  
o f  experiment I 

Volume p e r c e n t  
Water a t  A i r  a t  

Treatment Pores  pF 1 . 3  pF 3.0 (VO) p F 4 . 2 ( V I )  p F 1 . 3  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  s i e v e d  f r a c t i o n s  (BO-B4) t h e  
t o t a l  p o r o s i t y  was very  h igh  and n e a r l y  independent  on s i z e ,  wh i l e  
t h e  a i r  p o r o s i t y  a t  pF 1 . 3  decreased  s t e a d i l y  w i th  d e c r e a s i n g  aggre- 
g a t e  s i z e .  I n  t h e  mix tu re s ,  (A0 - A2) t h e  p o r o s i t y  was much s m a l l e r  
a?d a t  a  minimum i n  t r ea tmen t  A l ,  t h e  mixture  of a11  aggrega te  f r a c -  
t i o n s .  The a i r  p o r o s i t y  a t  pF 1 .3  was very  low i n  t r e a t m e n t  A l ,  
on ly  7 p e r c e n t ,  w i thou t  any fo rced  compaction. 

The r e l a t i v e  d a t e s  of  emergence (45 p e r c e n t  o f  p l a n t e d  g r a i n s  hav ing  
emerged) and heading o f  b a r l e y  (Hordeum vu lga re  L. ) , v a r .  Varde a r e  
given i n  t a b l e  5.  

Table 5 .  R e l a t i v e  d a t e s  o f  emergence and heading f o r  b a r l e y  i n  
exper iment  I .  + = d e l a y  

R e l a t i v e  d a t e s  
Treatment emergence headin9 

A0 0 + 2 
A1 +7 +3 
A2 + 2 0 

These d a t e s  a r e  given f o r  t h e  combination o f  low N a p p l i c a t i o n  w i t h  
dry ing  o u t  t o  pF 4 . 2  b e f o r e  wate r ing .  The average d a t e  o f h e a d i n g  
was de layed  by f r equenf  w a t e r i n g ,  and i t  was speeded up by h i g h e r  N 
a p p l i c a t i o n .  



I t  i s  seen  from t a b l e  5 t h a t  t h e  f a s t e s t  development f o r  t h e  s i n g l e  
aggrega te  f r a c t i o n s  occd r red  i n  t h e  range 6 mm t o  0.6 mm, whi l e  
t h e  s lowes t  development took p l a c e  i n  t h e  f i n e s t  f r a c t i o n .  A 
yel lowinq o f  t h e  p l a n t s  du r ing  a  r a t h e r  long  p e r i o d  a f t e r  emergence 
was observed f o r  t h e  t r e a t m e n t  B 4 .  Th is  may i n d i c a t e  l a c k  of ae ra -  
t i o n  due t o  blocked po res  (See BLAKE and PAGE 1 9 4 8 ) ,  even though 
t h e  a i r  p o r o s i t y  o f  t h e  f r a c t i o n  w a s  q u i t e  h igh .  For t h e  mixed aggre- 
g a t e  d i s t r i b u t i o n  t h e  s lowes t  development took p l a c e  i n  t h e  t r e a t -  
ment A 1  - t h e  d e n s e s t  t r ea tmen t .  A ve ry  c l e a r  de l ay  i n  d a t e  o f  
head ingoccur red  f o r  t h i s  t r e a t m e n t  when combined wi th  f r e q u e n t  
wa te r ing  and low N. The i n t e r a c t i o n  Nit rogen x  Water h a s  been 
thoroughly d i scussed  by FRIIS NIELSEN (1963) .  

The y i e l d  r e s u l t s  w i l l  n o t  be  d i scussed  h e r e ,  b u t  may be found i n  
NJ@S (1967) .  I t  should  be  mentioned, however, t h a t  t h e  consumptive 
use o f  wa te r  was in f luenced  by t h e  i n t e r a c t i o n  Nitrogen x  Watering 
a s  shown below (numbers i n d i c a t e  kg w a t e r  p e r  kg d ry  m a t t e r ) .  

69 N p e r  m 249 N p e r  m 2  

Watering a f t e r  d r y i n g  t o  pF 3  690 280 
" " 4.2 570 350 

The numbers i n d i c a t e  t h e  tremendous wa te r  s av ing  e f f e c t  by n i t r o g e n  
f e r t i l i z e r s .  

Experiment I1 

I n  t a b l e  6 t h e  l e n g t h  o f  p l a n t s  9  days a f t e r  p l a n t i n g  o f  b a r l e y ,  
var .  He r t a  i s  g iven .  

Table 6 .  Length o f  b a r l e y  p l a n t s ,  c m ,  9  days a f t e r  p l a n t i n g  

2  F e r t i l i z e r  a p p l i c a t i o n  
Aggregate s i z e  g  p e r  m Mixing Band (Ring) 

The i n f l u e n c e  o f  band placement was pronounced f o r  bo th  aggrega te  
t r e a t m e n t s  a t  t h e  t w o  h i g h e r  N l e v e l s .  The s a l t  c o n c e n t r a t i o n  a t  
t h e  h i g h e r  N l e v e l s  i n c r e a s e d  t h e  e l e c t r i c  c o n d u c t i v i t y ,  and t h e  
osmotic  p o t e n t i a l  became more n e g a t i v e ,  reduc ing  t h e  growth. The 
number o f  emerged p l a n t s  was a f f e c t e d  i n  a  s i m i l a r  way a s  t h e  l e n g t h .  
A f t e r  12 days t h e  e f f e c t  o f  band placement w a s  n o t i c e a b l e  on ly  i n  t h e  
f i n e s t  f r a c t i o n .  F u r t h e r  in format ion  may be found i n  NJ0S (1972a) . 



Experiment I11 

I n  exper iment  I11 t h e  e f f e c t  of a 3 cm t o p  l a y e r  on tempera ture  and 
mois ture  o f  a f i e l d  s o i l  was i n v e s t i g a t e d  (NJ@S 1972b) .  The s o i l  
t empera tures  f o r  a p e r i o d  wi th  c l e a r  days a r e  given i n  t a b l e  7. 

Table  7. S o i l  maximum tempera tu re s ,  O C ,  a t  5 cm and 1 0  cm depth  
i n  a loam s o i l  under a 3 cm t o p  l a y e r  o f  d i f f e r e n t  
agg rega t e  f r a c t i o n s .  Pe r iod  June 11 - 1 6 ,  1968 ( c l e a r  
days)  . No p l a n t  cover .  

0 Temperature,  C ,  a t  
Aggregate f r a c t i o n  5 cm 1 0  cm 

>20 min 27.9 24.2 
2 0 - 6  " 28.3 25.0 

6 - 2  " 29.6 26.3 
2 - 0 . 6  mm 31.6 26.7 

< O  :6 30 -0  26.3 

6 - 0.6 " 30.8 26.3 

A i r  t empera tu re ,  2.0 m h e i g h t  30.4 
A i r  0.2 " 38.8 

The h i g h e s t  maximum s o i l  t empera tures  d u r i n g  t h e  d a i l y  c y c l e  have 
been recorded  f o r  t h e  2 - 0 . 6  mm f r a c t i o n ,  fol lowed by t h e  combined 
6-0.6 mm f r a c t i o n .  

During a l a t e r  p e r i o d  t h e  mean, maximum and minimum s o i l  t empera tu re s  
t o g e t h e r  w i t h  t h e  t ime o f  occur rence  were c a l c u l a t e d  from t h e  automa- 
t i c a l l y  recorded  d a t a .  The r e s u l t s  a r e  g iven  i n  Table  8. 

0 Table 8. S o i l  t empera tu re s ,  C ,  and t ime occur rence  f o r  maximum and 
minimum, a t  5 cm and 1 0  cm dep th ,  i n  a loam s o i l ,  under a 
3 cm l a y e r  o f  t h r e e  agg rega t e  f r a c t i o n s .  Pe r iod  June 28 - 
J u l y  3, 1968 ( c l e a r  d a y s ) .  No p l a n t  cover .  

Aggregate 0 S o i l  t empera tu re ,  C Time r e a d i n g  
f r a c t i o n  Depth Mean Max. Min . Max. Min . 
2 0 - 6  mm 5 c m  19.9 25.8 14.9 1450 0520 

6 - 0.6 " 20.9 27.3 15 .5  1450 0500 
<0.6  " 19.6 25.6 1 4 . 6  1500 0450 

While t h e  dep th  d i f f e r e n c e s  were s i g n i f i c a n t  f o r  a l l  5 pa rame t r e s ,  
t he  agg rega t e  s i z e  d i f f e r e n c e s  were s i q n i f i c a n t  on ly  f o r  t h e  s o i l  
t empera tures .  I t . i s  seen  t h a t  t h e  t i m e  r e a d i n g s  o f  maximum a t  5 cm 
and 1 0  cm depth  were approximate ly  1500 hour s  and 1740 h o u r s ,  
r e s p e c t i v e l y .  The cor responding  t i m e  r e a d i n g s  f o r  minimum were 
0580 hoursoand 0630 hours .  The d a i l y  ampl i tude  a t  5 cm dep th  was 
11 C t o  12 C ,  ang a t  1 0  g m  depthoroughly 6 ' ~ .  I n  a c loudy p e r i o d  t h e  

ampl i tudeswere  5 C and 3 C and 3 C f o r  t h e  5 c m  and 1 0  c m  dep ths .  I n  
t h e  p e r i o d  r e f e r r e d  t o  i n o t a b l e  8 t h e  s o i l  s u r f a c e  tempera ture  d u r i n g  
one day v a r i e d  between 50 C and l loc.  The t i m e  o f  maximum f o r  t h e  
s u r f a c e  tempera ture  was approximate ly  1200 hour s .  



Date . June /968 

FI6. 1 DRYll iG SEWEYCE OF P. CLAY LOAN, COVERED BY A i  AGGREGATE 

LAYER, 3 Cfl Iri THICKNESS. JUXE 1968. 

In  exper iment  I11 t h e  s o i l  m a t r i c  s u c t i o n  was recorded  by means o f  
t ens iome te r s .  The r e s u l t s  f o r  one p e r i o d  a r e  given i n  f i g . 1 .  It 
i s  seen  t h a t  t h e  l owes t  matric s u c t i o n s  are recorded  f o r  t h e  6-0.6 nun 
f r a c t i o n ,  fol lowed by t h e  f r a c t i o n  smaller than  0 . 6  nun, t h e  f r a c t i o n  
20-6 mm, and t h e  coarsest f r a c t i o n  i n  d i r e c t i o n  o f  i n c r e a s i n g  s u c t i o n  
va lues .  T h i s  s o i l  was k e p t  free of p l a n t  growth,  During a l a t e r  
pe r iod ,  i n  August ,  t h e  d i f f e r e n c e s  were s m a l l e r ,  b u t  t h e  f r a c t i o n  
6-0.6 mm s t i l l  showed t h e  lowest s u c t i o n  va lues .  



The d u r a t i o n  of a  given aggrega te  s i z e  d i s t r i b u t i o n  

In  experiment I11 t h e  c o a r s e r  agg rega t e s  became s m a l l e r ,  whi le  t h e  
s m a l l e r  agg rega t e s  c l u s t e r e d  t o g e t h e r  - a f t e r  p e r i o d s  o f  r a i n  and 
drought.  A s i m i l a r  l e v e l l i n g  e f f e c t  was observed i n  exper iment  I 
a f t e r  two growth seasons  (and one w i n t e r  i n  between) .  The r e s u l t s  
a r e  shown i n  t a b l e  9 .  

Table 9 .  Aggregates l a r g e r  than 20 mrn a t  s t a r t  and end of exper iment  I 
Agqregates >20 mm, p e r c e n t  

Treatment S t a r t  End (VO) End (VI) 

A s  w i l l  b e  r e c a l l e d  VO i n d i c a t e s  wa te r ing  a f t e r  d ry ing  o u t  t o  pF 3 ,  
whi le  V I  i n d i c a t e s  wa te r ing  a f t e r  d ry ing  t o  pF 4.2. For t h e  w e t t e s t  
t r ea tmen t  t h e r e  were no d i f f e r e n c e s  i n  t h e  amount o f  c o a r s e  aggre- 
g a t e s  a f t e r  two growth seasons .  I n  t h e  d r y e s t  t r e a t m e n t  t h e  o r i g i n a l  
s i z e  d i s t r i b u t i o n  was b e t t e r  p reserved .  

F i e l d  expe r i ence  

HEINONEN (1963) found cons ide rab le  d i f f e r e n c e s  i n  aggrega te  s i z e  
d i s t r i b u t i o n s  acco rd ing  t o  s o i l  c u l t i v a t i o n  t r ea tmen t s .  I n  Norway 
l a r g e  e f f e c t s  o f  s o i l  mois ture  v a r i a t i o n s  a t  t h e  t i m e  o f  c u l t i v a t i o n  
on t h e  coa r senes s  o f  agg rega t ion  have been observed (NJP)S 1 9 7 6 ) ,  
mainly i n  d i r e c t i o n  o f  a  c o a r s e r  agg rega t ion  a f t e r  c u l t i v a t i n g  t h e  
s o i l  i n  a  wet c o n d i t i o n .  However, t h e  e f f e c t s  o f  annual  v a r i a t i o n s  
may ou t range  t h e s e  e f f e c t s  a s  shown i n  t a b l e  1 0 .  

Table 1 0 .  Aggregates l a r g e r  than  6 mm i n  a  s o i l  compaction exper iment  
on a  loam s o i l  a t  A s ,  Norway 

Aggregates > 6  mm - - 

Treatment Years P e r c e n t  

Wet compaction 
Moist 

1962-74 (13 y e a r s )  ,, 

Average of t r e a t m e n t s  1962 
1974 

The percen tage  o f  agg rega t e s  l a r g e r  than  6 mm was 25 u n i t s  h i g h e r  
a f t e r  wet s o i l  compaction a s  compared t o  a mois t  compaction (normal 
s o i l  mois ture  c o n d i t i o n  d u r i n g  s p r i n g  c u l t i v a t i o n ) .  However, t h e  
average of t h e  two y e a r s  1962 ( l a t e ,  wet s p r i n g )  and 1974 (dry  e a r l y  
s p r i n g )  d i f f e r e d  by a s  much a s  50 u n i t s .  A wet  s o i l  c o n d i t i o n  
corresponded t o  a  m a t r i c  s u c t i o n  i n  t h e  s u r f a c e  l a y e r  o f  less than  
50 mbar. 
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PHYSICAL CONDITIONS I N  THE SEEDBED. A SAMPLING INVESTIGATION ON 
SPRING-SOWN FIELDS I N  SWEDEN. 
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ABSTRACT 

I n  1969-72 a sampling i n v e s t i g a t i o n  was c a r r i e d  out  on Swedish spr ing-  
sown cerea ls  f i e l d s  i n  order  t o  get  bas ic  data on the  p roper t i es  i n  
the seedbeds. 300 s i t e s  were inves t iga ted.  On each s i t e  parameters 
such as depth o f  the seedbed, aggregate s i z e  d i s t r i b u t i o n ,  number of  
seeds, moisture content,  etc.,were determined. Parameter values fo r  
each s i t e  were v i s u a l i z e d  i n  seedbed p r o f i l e  diagrammes and average 
values f o r  d i f f e r e n t  f a c t o r s  were s tud ied  as func t ions  on c l a y  Content. 

INTRODUCTION 

For generat ions farmers i n  Sweden, as elsewhere, have s t r i v e d  t o  a t t a i n  
such p roper t i es  i n  seedbeds t h a t  would minimi se poor emergence. Common 
reasons f o r  poor emergence are drought, s o i l  c rus ts  and extreme sowing 
depth. Research work i n t o  these problems s t a r t e d  i n  the  t h i r t i e s ,  m s t l y  
w i t h  f i e l d  t r i a l s .  The complexi ty  o f  the  sub jec t ,  however, made i t  
d i f f i c u l t  t o  analyse and evaluate the  t r i a l  r e s u l t s  a l s o  w i t h  the  he lp  
o f  i n t e r n a t i o n a l  l i t e r a t u r e .  Therefore i t  was c l e a r  by the  l a t e  s i x t i e s  
t h a t  a l s o  o t h e r  types o f  i n v e s t i g a t i o n s  must be appl ied.  One of  these 
was the  sampling i n v e s t i g a t i o n  ( K r i t z ,  1976 a, b) summarized below. 

SAMPLING METHODS 

The task  i s  t o  determine on a sample o f  farms the  p roper t i es  i n  the  
seedbeds j u s t  a t  the  t ime o f  sowing. One method t o  get  a s t r i c t  random 
sample cou ld  have been t o  sample a number o f  farm addresses from a farm 
r e g i s t e r .  Contact cou ld  then made w i t h  each farmer. There would un- 
doubtedly be a l a r g e  drop-out f rom the  sample, bu t  the  greates t  problem 
w i t h  t h i s  method i s ,  however, t he  h i g h  r i s k  of  "manipulation", i .e. , that 
seedbed prepara t ion  and sowing may w e l l  be done b e t t e r  a t  the  sampling 
s i t e s  than i s  normal ly  the  case. Another approach cou ld  be t o  ask 
someone i n  the  d i s t r i c t  t o  repo r t  when sowing s t a r t s  on the  se lec ted 
farms. Th is  would a l s o  preclude a l l  r i s k  o f  "manipulation" and pre- 
sumably fewer farmers would refuse cooperat ion when the  i n v e s t i g a t o r  
a r r i v e d  a t  s i t e w i t h o u t  any prev ious  contacts being made. Th is  approach 
might perhaps prove f e a s i b l e  f o r  small d i s t r i c t s .  

I n  the  ac tua l  sampling i n v e s t i g a t i o n  the  approach we chose was t o  d r i v e  
i n t o  a reg ion where sowing was i n  progress, s top  a t  f i e l d s  w i t h  d r i l l s  
and ask permiss ion t o  i n t e r v i e w  the  farmer o r  opera tor  and t o  make some 
measurements. Here there  was no r i s k  o f  "manipulation" and we ex- 
perienced few re fusa ls .  During the  f o u r  years 1969-72, 300 s i t e s  were 
taken out  p r o p o r t i o n a l l y  t o  the  spring-sown area i n  d i f f e r e n t  regions. 
A t  289 s i t e s  the  crops were cerea ls .  At  t h a t  t ime i n  Sweden the re  were 
150.000 farms w i t h  1.4 m i l l i o n  hectares o f  s p r i n g  sown crops, i .e. ,  
we got  1 s i t e  per  500 farms o r  per  4.700 hectares, w i t h  o n l y  1% refusals.  



Since Sweden i s  a long country  and the 7 per  cent  area o f  a rab le  land 
i s  w ide ly  spread, the  i n v e s t i g a t i o n  became more d i f f , i c u l t  than i f  the  
a rab le  area had been more concentrated. Since t h i s  sampling i n v e s t i -  
ga t i on  was n o t  based on a s t r i c t  random sampling, i t  was necessary t o  
check whether the  sample was representa t ive .  Three known popu la t i on  
s t a t i s t i c s ,  namely, area o f  spring-sown cerea ls ,  farm s i z e  and re- 
g i s t e r e d  makes o f  t r a c t o r ,  were compared w i t h  the sample s t a t i s t i c s .  
The r e s u l t s  gave r e l a t i v e l y  good concordance between sample and 
popu la t ion ,  which i nd i ca ted  a c c e p t a b 1 e r e p r e s e n t a t i v i . t ~ .  

MEASURING METHODS 

On e n t e r i n g  the f i e l d ,  we in terv iewed theman who was doing the 
sowing about t i l l a g e  operat ions,  type o f  implements used e t c .  
He was asked t o  es t imate  the  depth o f  the  seedbed and the  sowing 
depth. He was a l s o  g iven an answer card t o  pos t  about t h r e e  weeks 
l a t e r  w i t h  notes about the emergence o f  the  crop. Determinat ions 
i n  the seedbed were c a r r i e d  o u t  w i t h  a method developed f o r  t h i s  
i n v e s t i g a t i o n ,  here c a l l e d  method 1 and discussed below. Another 
method, here c a l l e d  method 2, was developed f o r  smal l  spec ia l  i n -  
v e s t i g a t i o n s  and i s  a l s o  presented below. 

14.5 cm 
---&--- 

MEASURING 
CYLINDER 

$10 cm 

SCOOP 

Fig. 1. Method f o r  con- 
duc t i ng  seedbed i n v e s t i -  
ga t ions ,  here c a l l e d  
method 1. 

Method I ,  see F ig .  1. A s t e e l  frame measuring 40 x 40 cm and a 
he igh t  o f  10 cm i s  pressed i n t o  the  seedbed. A s t e e l  s i de  wing, 25 
x 40 cm, i s  then f i t t e d  i n  t o  the frame. By determin ing the h igh-  
e s t  and lowest p o i n t  w i t h i n  the  frame a measure o f  the topography 
i s  obta ined.  The loose s o i l  w i t h i n  the frame i s  then removed and 
t rans fe r red  t o  a measuring c y l  inder  graded d i r e c t l y  i n  cm depth o f  
the  seedbed. Wi th in  the s ide  wing, area 0.1 m2 the  seedbed i s  
separated i n  th ree  sublayers by a 25 cm wide scoop. M a t e r i a l  f rom 
each sublayer  i s  sieved i n  th ree  aggregate s i z e  f r a c t i o n s ,  the  
ones chosen i n  the present  contex t  being<2, 2-5 and>5 mm. The 
number o f  seeds found i n  each sublayer  a re  counted. Samples f o r  
de terminat ion  o f  moisture content  a re  taken from each sublayer.  
A simple topography determinat ion  i s  a l s o  c a r r i e d  ou t  i n  the  
bottom o f  the seedbed. A t  each s i t e  we normal ly  take th ree  re- 
p l i c a t e s  spaced a t  3 m i n t e r v a l s .  I n  t h i s  i n v e s t i g a t i o n  s o i l  
samples were taken a t  each s i t e  f o r  p a r t i c l e  s i z e  analyses and 
determinat ion  o f  water content  a t  the  m a t r i c  tensions 1, 10 and 
150 m water column. The r e s u l t s  from each s i t e  a r e  g iven i n  d ia -  
grammatic form as a seedbed p r o f i l e ,  see F ig .  3 .  



Method 2, see Fig. 2, was developed f o r  more d e t a i l e d  determinat ions 
i n  specia l  s i t u a t i o n s ,  f o r  instance more exact determinat ions i n  
f i e l d  t r i a l s .  The method o f  s l i c i n g  c e r t a i n  def ined sublayers i s  
used i n  d i f f e r e n t  count r ies  ( i n t e r  a l i a ,  B r e i t f u s s ,  1954). We use 
a s t e e l  frame measuring 90 x 25 cm, which i s  placed i n  the  seedbed. 
Loose s o i l  a t  one end of the  frame i s  taken awa t o  make room f o r  ?! the  scoop t o  be p u t  i ns ide  i t .  An area o f  0.1 m (25 x 40 cm) w i l l  
be undisturbed, i n  which the  determinat ions w i l l  be made. With a 
frame of  24 measuring rods the  average sur face he igh t  i s  determined. 
A 25 cm wide he ight -ad jus tab le  scoop i s  pu t  i n  a t  the  he igh t  o f  the  
average s o i l  surface. Ma te r ia l  from t h i s  f i r s t  s l i c i n g  w i l l  form 
sublayer 1. I n  each sublayer, normal ly  1 cm t h i c k ,  the  same deter-  
minat ions w i l l  be made as i n  method 1. Wi th the  24 measuring rods the  
average bottom he igh t  i s  measured as was done w i t h  the  sur face he ight ,  
and from these two determinat ions the  depth o f  the  seedbed i s  obtained. 
With t h i s  equipment i t  has a l s o  been poss ib le  t o  make determinat ions 
i n  5 cm broad zones w i t h  the  rows i n  the  middle and i n  the  7.5 cm 
broad intermediate zones. I n  an area o f  0.125 m2 (25 x 50 cm) i n  the  
frame, perpendicular  t o  the  d r i l l i n g  d i r e c t i o n ,  determinat ions were 
made i n  and between f o u r  rows. 

Fig. 2. Method f o r  con- 
d u c t i  ng more de ta i  l e d  
seedbed inves t iga t i ons ,  kc, here c a l l e d  method 2. 
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Comparisions o f  the  methods shows t h a t  t h e  depth o f  the  seedbed i s  
determined q u i t e  accu ra te l y  w i t h  both methods, bu t  method 2 takes 
longer. The th ickness o f  the  sublayers i s  determined i n  method 1 
r a t h e r  i nexac t l y ,  p a r t i c u l a r l y  on aggregated s o i  Is. Contro l  meesure- 
ments have namely showed t h a t  the  s o i l  f rom the  sur face sublayer 
w i l l  be more packed i n  the  measuring c y l i n d e r  than i n  the  seedbed, 
and thus there  w i l l  be an underest imat ion o f  t h i s  sublayer. I n  
con t ras t ,  the  ma te r ia l  f rom the bottom sublayer w i l l  be more 
loose i n  the  measuring cy l i nde r ,  r e s u l t i n g  i n  overest imat ion.  I n  
method 2 i t  may be d i f f i c u l t  t o  determine the  th ickness o f  the  sur-  
face and the  bottom sublayers, bu t  t he  th ickness o f  t he  sublayers 
i n  between w i l l  be very e x a c t l y  determined. For aggregate s i z e  
d i s t r i b u t i o n ,  moisture content  and seed d i s t r i b u t i o n ,  method 2 g ives 
more exact  r e s u l t s  than method 1 .  Tests have shown t h a t  method 1 
seems t o  be the  best f o r  sampling i n v e s t i g a t i o n  o f  the  present k ind.  
I t  i s  a l s o  easy t o  measure the  b u l k  dens i t y  by determining the  
weight o f  the  s o i l  i n  the  c y l i n d e r .  A more accurate determinat ion  
of  t he  depth o f  t he  seeds, perhaps i n  a spec ia l  frame, would a l s o  
be usefu l .  



RESULTS FROM INDIVIDUAL SEEDBEDS 

The r e s u l t s  fromeach s i t e  a r e  shown i n  the  form o f  seedbed pro-  
f i l e s ,  see Fig. 3, each c o n s i s t i n g  o f  t h ree  d,i.agrammes, where aggre- 
gate s i z e  d i s t r i b u t i o n ,  seed d i s t r i b u t i o n  and moisture content  o f  
each sublayer a re  given. Mo is tu re  contents a t  t h ree  m a t r i c  tensions 
are  a l s o  given. These p r o f i l e s  g i v e  us good in fo rmat ion  about the  
seedbed s i t u a t i o n  which can be used i n  making p r e d i c t i o n s  and d iag-  
noses f o r  emergence. 
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S o i l s  1, 2 and 3 i n  F ig .  3 represent  t h ree  type s o i l s  which a l s o  
show th ree  poss ib le  reasons f o r  poor emergence. These diagrammes 
g i ve  good examples o f  the  cond i t i ons  i n  Sweden. S o i l  1 i s  a sandy 
loam w i t h  about2.5 mm p l a n t  a v a i l a b l e  water i n  the  seedbed. Here the  
good p r o t e c t i o n  aga ins t  evaporat ion ensures t h a t  emergence w i l l  n o t  
be poor i n  cases o f  drought,  and as t h e  seeding depth i s  s u i t a b l e  t h e  
emergence w i l l  no t  be poor because o f  t h a t .  S o i l  2 i s  a s i l t y  c l a y  loam 
w i t h  about 7.5 mm p l a n t  a v a i l a b l e  water i n  the  seedbed. Mois tu re  i s  
no t  l i m i t i n g  here. S o i l  c r u s t  however may be formed, and here 
i t  i s  p o s i t i v e  t h a t  the  seeds are  no t  p laced too  deep.Soi1 3 i s  a 
heavy c l a y  w i t h  no p l a n t  a v a i l a b l e  water i n  the  seedbed. S t r u c t u r e  
here g ives good p r o t e c t i o n  aga ins t  evaporat ion,  bu t  t he re  w i l l  be 
poor emergence i f  no r a i n  f a l l s ,  s ince  a r e l a t i v e l y  h i g h  percentage 
o f  the  seeds are  i n  sublayer  2, which has no contac t  w i t h  t h e  wet 
bottom layer .  



Fig.  4 .  The median depths 
o f  the  sublayer boundaries 
as func t i ons  o f  the  c l a y  
content.  

RESULTS SHOWING THE NORMAL MOISTURE CONDITIONS 

Resul ts  showing the normal s i t u a t i o n s  a r e  g iven i n  F ig.  5 as median 
values f o r  each 5 per  cent  c l a y  content  c lass.  The mois ture  condi- 
t i o n s  i n  d i f f e r e n t  sublayers a r e  given. The determinat ions were made 
i n  the  f o u r  sublayers whose thicknesses a r e  shown i n  F ig .  4 -  Four 
unbroken curves show i n  F ig.  5 t h e  ac tua l  moisture content  i n  t h e  

W sublayers ( w ~ , ~ ~ ,  w ~ , ~ ~ ~  a,L3 and w a,BL ) as func t i ons  o f  t h e  c l a y  

content.  The th ree  broken curves show the  moisture content  a t  m a t r i c  
tensions o f  1, 10 and 150 m water column ( w ~ . ~ ,  w ~ . ~ ~  resp. w t.150 1 
as func t i ons  o f  the  c l a y  content.  The shaded p a r t  shows approximately 
the  water t h a t  i s  unava i lab le  t o  p lan ts .  The wa-values a r e  o n l y  

Fig. 5. The moisture con- 
d i t i o n s  i n  the sublayers 
o f  t h e  seedbed as func t i ons  
o f  the  c l a y  content .  
W W W 

a,L1' a,L2' a,L3 and 
W 

a, BL stand f o r  the  ac tua l  . 
mois ture  content  i n  sub- 
l aye rs  1, 2, 3 and the  
bottom l a y e r  (see Fig. 4). 
W W 
t , l '  t,10 and w 

t , l 5 0  
stand f o r  the  mois tu re  con- 
t e n t  a t  m a t r i c  tensions o f  
1, 10 and 150 m water  
column. (Median values per  
cent  by weight.)  



weakly dependent on the c l a y  content ,  whereas the  wt;vaIues are  st rong-  
l y  dependent on i t. I n  sublayer 1 there i s  p l a n t  a v a ~ l a b l e  water up t o  
25 per  cent  c l a y  content  and a t  h igher  c l a y  contents the re  i s  a d e f i c i t .  
Sublayers 2 and 3 a l s o  have a d e f i c i t  a t  h igh  c l a y  contents.  To make 
i t  poss ib le  t o  compare the  moisture cond i t i ons  i n  the  th ree  type s o i l s  
- shown i n  Fig. 3 by seedbed p r o f i l e s  - w i t h  the  normal s i t u a t i o n s ,  the  
c l a y  content  f o r  each type s o i l  has been marked. 

Fig. 6. The moisture con- 
d i t i o n  i n  the  seedbed as a 
func t i on  o f  the c l a y  con- 
tent.The curves i n  the  d ia -  
gramme connect p o i n t s  w i t h  
the  same amount o f  p l a n t  
a v a i l a b l e  water. The do t -  
ted  p a r t  o f  the  f i g u r e  stands 
f o r  a surp lus o f  p l a n t  a v a i l -  
a b l e  water and the  l i n e d  p a r t  
f o r  a d e f i c i t .  (Median values, 
per  cent  by weight.) 

F ig .  6 shows a c l a y  content/depth diagramme. The coo rd ina t i on  curves 
w i t h  i n t e r v a l s  o f  2 per  cent connect p o i n t s  w i t h  the  same amount of 
p l a n t  a v a i l a b l e  water. The p a r t  o f  the  diagramme corresponding to  a 
surp lus  o f  p l a n t  a v a i l a b l e  water i s  dot ted,  w h i l e  the  p a r t  corresponding 
t o  d e f i c i t  i s  l ined.  The median seed depth i s  a l s o  given, but  f o r  h igh  
c l a y  content  i t  i s  probably inexact  i n  t h e  determinat ions.  I n  the  group 
o f  s o i l s  w i t h  5-14 per  cent  c l a y  content  the  p l a n t  a v a i l a b l e  water reaches 
a maximum, whereas the  content  decreases l i t t l e  i n  t h e  group < 5 per  
cent.  I n  s o i l  w i t h  c lay  content  o f  2 1 5  per  cent  the  moisture content  
decreases w i t h  increas ing  c l a y  content.  The s i t u a t i o n  i s  e s p e c i a l l y  
c r i t i c a l  i n  the upp 3 cm. 
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ABSTRACT 

An approach t o  the study of tiZZage implements, especiaZZy 
their  work i n  the soi l ,  i s  described, and exampZes o f resuZts  
obtained are given. 

INTRODUCTION 

As a p a r t  o f  the  work on problems o f  seedbed prepara t ion  i n  
Sweden we have s t a r t e d  f i e l d  s tud ies  o f  t h e  e f f e c t s  i n  the  s o i l  of 
d i f f e r e n t  k inds o f  t oo l s ,  p o s i t i o n s  o f  t o o l s  and o f  d i f f e r e n t  makes 
o f  implement. The aim i s  t o  b e t t e r  understand the  p o s s i b i l i t i e s  o f  
prepar ing a seedbed s u i t a b l e  f o r  t h e  requirements o f  d i f f e r e n t  crops. 
By comparing d i f f e r e n t  implements we hope t o  be a b l e  t o  advise farmers 
and g i v e  manufacturers and dealers suggestions f o r  t h e  development 
o f  new implements. 

The t e s t s  reveal t h e  general c h a r a c t e r i s t i c s  o f  d i f f e r e n t  harrows, 
but  the  main e f f o r t s  a r e  l a i d  on t h e  measurements o f  t h e  p rope r t i es  
o f  the  harrowed layer .  The r e s u l t  o f  these measurements can be com- 
pared w i t h  requirements obta ined i n  model experiments and f i e l d  
t r i a l s  and w i t h  i nves t i ga t i ons  o f  what i s  achieved i n  p r a c t i c e  
(HHkansson & von Polgdr,  1976; Henriksson, 1974; K r i t z ,  1976). 
Re la t i ve  comparison between d i f f e r e n t  implements a r e  a l s o  made. 

Ordinary harrows commonly used i n  Sweden have been tes ted  and i n  
a d d i t i o n  we have a l s o  made a f l e x i b l e  s - t i n e  harrow t o  be ab le  t o  
s tudy d i f f e r e n t  f a c t o r s  one a t  a time, such as number, p o s i t i o n  and 
k i n d  o f  t i nes .  Some o f  these t e s t s  a r e  c a r r i e d  o u t  as o rd ina ry  f i e l d  
t r i a l s  t o  ge t  es t imat ions  o f  t h e  c rop  y i e l d  e f f e c t s .  The t e s t s  a re  made 
under normal f i e l d  cond i t ions ,  o f t e n  on f i e l d s  belonging t o  p r i v a t e  
farmers, which means t h a t  a l l  t h e  heterogenei ty  o f  t h e  s o i l  surface 
l a y e r  i s  encountered. Thus, t h e r e  i s  d i f f i c u l t y  i n  g e t t i n g  s i g n i -  
f i c a n t  d i f ferences between treatments i n  measurements o f  va r i ab les ,  
which i n  f a c t  r e q u i r e  very  homogeneous o r i g i n a l  s o i l  cond i t ions .  The 
very  accurate measurements made i n  a s o i l  b i n  a r e  impossible here. i n  
our s tud ies  we t r y  t o  f i l l  a gap between t h e  more fundamental work 
done i n  s o i l  mechanics, a g r i c u l t u r a l  engineer ing and on crop e s t a b l i s h -  
ment. We t r y  t o  work very  c lose  t o  t h e  s i t u a t i o n  i n  p r a c t i c a l  farming. 



METHODS TO STUDY EFFECTS I N  SOIL 

B a s i c a l l y  we deal w i t h  the amount o f  s o i l  t h a t  i s  loosened and 
worked by t h e  implement t ak ing  samples o f  s u i t a b l e  s i z e  f o r  f u r t h e r  
analyses. The s i z e  o f  the  i n d i v i d u a l  samples i s  chosen according t o  
the  heterogenei ty  of the  s o i l  t h a t  can be expected. When studying t h e  
seedbed a f t e r  sp r i ng  t i l l a g e  on an autumn-ploughed f i e l d ,  we work w i t h  
samples s ized 0.25 m2. With a greater  heterogenei ty ,  e.g. i n  seedbeds 
f o r  winterwheat,  we use l a r g e r  samples, 0.5 m2. Steel frames a r e  used 
t o  d e l i m i t  the  samples, and the  loose s o i l  w i t h i n  t h e  frame i s  weighed 
and measured f o r  volume i n  a bucket. Normally t he re  a r e  no problems i n  
f i n d i n g  the  border between the  t i l l e d  and u n t i l l e d  s o i l ,  i f  t h e  s o i l  
has s e t t l e d  a f t e r  the  prev ious t i l l a g e ,  and i f  the  sample i s  taken soon 
a f t e r  the  l a t e s t  treatment.  The border i s  f e l t  as a f i r m  bottom o f t e n  
o f  r a t h e r  i r r e g u l a r  depth. A mean working depth can be c a l c u l a t e d  from 
the  volume o f  the  s o i l  i f  the  bu l k  dens i t y  i s  considered t o  be approx- 
imate ly  t h e  same as i n  the  t i l l e d  layer .  A l t e r n a t i v e l y ,  t h e  seedbed can 
be d i v i d e d  i n t o  d i f f e r e n t  layers ,  t h e  thicknesses o f  which can be deter -  
mined by a he igh t  measuring apparatus constructed by 1. Hskansson 
(unpubl ished) . 

Before t h e  s o i l  i s  removed t h e  roughness o f  the  s o i l  surface and 
af terwards t h a t  of the  bottom surface, can be measured by a r e l i e f m e t e r .  
Subsamples o f  the  s o i l  a r e  taken f o r  de terminat ion  o f  the  water content.  
Other samples a r e  d ry  sieved t o  ge t  the  aggregate s i z e  d i s t r i b u t i o n .  

For a general d e s c r i p t i o n  o f  the  t e s t  s i t e  we determine t h e  water 
content a t  tensions of 0.1, 1 and 15 bar, t h e  s t rength  o f  s o i l  by a 
vane shear t e s t ,  and t h e  roughness o f  the  s o i l  surface before t i l l a g e .  

PROPERTIES OF THE SEEDBED 

Dry weather o f t e n  p r e v a i l s  dur ing  the  sp r ing  and t h e  e a r l y  summer 
i n  Sweden and there  a r e  many c l a y  s o i l s  where t h e  c a p i l l a r y  t ranspor t  
o f  water from below t o  t h e  seed i s  very  l i m i t e d .  Thus we at tempt t o  
p lace  the  seed on a mois t  bottom sur face and t o  cover i t  w i t h  a l a y e r  
o f  s o i l  deep and f i n e  enough t o  serve as an evaporat ion b a r r i e r  dur ing  
the  germinat ion.  

As the c o u l t e r s  a r e  u s u a l l y  ad jus ted  t o  f o l l o w  t h e  bottom sur face 
of the  t i l l a g e  l aye r  t h e  depth o f  harrowing l a r g e l y  determines the  depth 
o f  sowing. Accurate c o n t r o l  o f  t h e  depth o f  harrowing i s  thus very  
important.  The mean depth must be adapted t o  t h e  c rop  grown and t h e  pre- 
v a i l i n g  s o i l  cond i t i ons .  The v a r i a t i o n  o f  the  depth must a l s o  be con- 
s idered and kept  as smal l  as poss ib le  i n  o rder  t o  o b t a i n  an even emer- 
gence o f  the  crop. 

The roughness o f  d i f f e r e n t  sur faces  in f luences the  p l a c i n g  o f  the  
seeds and the  depth o f  the  seedbed. A rough p loughing makes i t  d i f f i c u l t  
f o r  the  t i n e s  i n  a harrow t o  operate s a t i s f a c t o r i l y  and du r ing  t h e  f i r s t  
run most o f  the  work i s  done by the  l e v e l l i n g  bar. One o b j e c t  o f  the  
harrowing i s  t o  prepare an even sur face a t  a proper depth i n  t h e  s o i l  
( the  bottom sur face o f  t i l l a g e )  t h a t  t h e  c o u l t e r s  can f o l l o w  and where 
they can p lace t h e  seed. Th is  bottom sur face o f  t i l l a g e  i s  o f t e n  so hard 
t h a t  the  c o u l t e r s  do n o t  penet ra te  i t .  Consequently, i f  t h e  bottom i s  
uneven the  c o u l t e r  w i l l  jump up when i t  h i t s  an obs tac le  and t h e  seed w i l l  
be placed shal lower i n  the  seedbed. An uneven upper s o i l  surface may a l s o  
c o n t r i b u t e  t o  t h e  va ry ing  depth o f  t h e  cover ing  s o i l .  

A f i n e  t i l t h  prov ides e f f e c t i v e  p r o t e c t i o n  aga ins t  evaporat ion 
i n  deeper l aye rs  o f  the  seedbed, and i s  a good he lp  f o r  s u i t a b l e  p lace-  
ment o f  seed. Big c lods  can a l s o  i n t e r f e r e  w i t h  the  work o f  the  
cou l te rs .  The a b i l i t y  o f  the  harrows t o  crush c lods  must be evaluated 



by determinat ion  o f  the  aggregate s i z e  d i s t r i b u t i o n .  
Lack o f  water i s  the  most common reason f o r  u n s a t i s f a c t o r y  emerg- 

ence and the  water content  i n  the  seedbed i s  a f a c t o r  t h a t  must be 
determined i f  the  p o s s i b i l i t i e s  f o r  germinat ion a r e  t o  be est imated. 
Our i n t e r e s t  i n  depth, roughness and c l o d  s i z e  i s  due t o  t h e  f a c t  
t h a t  these q u a l i t i e s  i n f l uence  the  water s i t u a t i o n  around t h e  seed. 
An uneven d ry ing  due t o  the  m i c r o r e l i e f  i s  common, h igher  p a r t s  o f  
t h e  o r i g i n a l  plough fu r row d r y  f a s t e r  than lower par ts .  The v a r i -  
a t i o n  of t h e  water content  i s  thus an important proper ty .  

I n  t h e  seedbed the re  i s  o f t e n  a s t rong g rad ien t  w i t h  depth 
bo th  w i t h  regard t o  water content  and aggregate s i z e  d i s t r i b u t i o n .  
Therefore i t  i s  very  important t o  take samples from the  same depths 
when d i f f e r e n t  implements a r e  compared. Thus, i t  i s  d i f f i c u l t  t o  study 
s o r t i n g  and m ix ing  e f f e c t s  i n  t h e  f i e l d  when t h e  seedbed has t o  be 
d i v i d e d  i n  a number o f  layers.  As ye t  o n l y  some p r e l i m i n a r y  s tud ies  
have been made. 

ECONOMIC ASPECTS 

Complete eva lua t i on  o f  a t i l l a g e  implement inc ludes comparison 
o f  t h e  amount o f  s o i l  handled and the  s t r u c t u r a l  changes received 
w i t h  t h e  amount o f  energy and t ime requi red.  U n t i l  now we have 
concentrated on t h e  s o i l  measurements and have no t  made any 'de te r -  
minat ions  of draught.  

EXAMPLES OF RESULTS 
WORK1 NG DEPTH 

The mean depth i s  c o n t r o l l e d  by adjustment o f  t h e  implement. 
Once we have made t h e  draught measurements now planned, i t  w i l l  
be i n t e r e s t i n g  t o  compare d i f f e r e n t  implements w i t h  regard t o  the  
amount o f  s o i l  t i l l e d  and the  power needed. 

A c u r r e n t  problem i s  t o  produce a seedbed w i t h  as few v a r i -  
a t i o n s  o f  depth as poss ib le .  Table 1 shows examples o f  mean depths 
and corresponding mean standard dev ia t i ons  obta ined i n  t r i a l s  on 
l e v e l  s i t e s  smal ler  than 1 ha and w i t h  homogeneous s o i l s .  

I n  t h e  f i e l d  t r i a l s  the  measurements have shown t h a t  the  range 
o f  v a r i a t i o n s  o f  depth f o r  a s i n g l e  harrow may f r e q u e n t l y  be 
3 - 4 cm, and i n  f i e l d s  o f  normal s i z e  where g rea te r  d i f f e rences  
i n  s o i l  t e x t u r e  and s t r u c t u r e  occur, even l a r g e r  ranges can be 
expected. There a r e  no c l e a r  d i f f e r e n c e s  i n  the  mean standard 
d e v i a t i o n  o f  depth a f t e r  seedbed p repa ra t i on  w i t h  types of harrows 
normal ly  used. The depths vary  from spot t o  spot, and d i f f e rences  
i n  he igh t  between lower and h igher  p a r t s  o f  the  i n i t i a l  plough 
fu r row and i n  t h e  s t r u c t u r e  o f  the  s o i l  sur face  seem t o  be t h e  
most common reasons f o r  these v a r i a t i o n s .  

Harrows w i t h  narrow sec t ions  and w i t h  depth wheels instead 
o f  runners have been considered t o  g i v e  a more even seedbed. We 
have no t  been ab Ie  t o  conf irm t h i s .  The y i e l d s  a f t e r  harrows 
w i t h  runners a r e  s l i g h t l y  h igher ,  but  t h e  d i f f e rences  a r e  smal l .  

Table 1 a l s o  shows measurements o f  t h e  water content  i n  t h e  
t i l l e d  s o i l .  The standard d e v i a t i o n  i s  considerable,  and as the  
mean water content  may be near t h e  permanent w i l t i n g  percentage, 
t h i s  may e x p l a i n  spots w i t h  poor germinat ion.  



TABLE 1. Depths and water contents of the harrowed layer and grain 
yields i n  t r i a l s  t i l l e d  with different implements for 
seedbed preparati n t o  spring sown cereals. Four soi l  
sompies of 0.25 m' are taken from each plot normally with 
four replicates i n  each t r ia l .  

No o f  Depth Water content  % Grain 
Cornpa r i  sons 

t r i a l s  Mean Mean Mean Mean Y i e l d  
Standard Standard kg/ha 
dev ia t i on  d e v i a t i o n  

- -- 

Harrows equipped 
w i t h  
runners 
depth wheels 

D i f f e r e n t  makes 
of harrows 
Harrow A 
Harrow B 

Harrow C 
Harrow D 

Harrow E 
Harrow F 

TABLE 2. Roughness of the t i l lage  bottom and percentage of so i l  
aggregates<4 m af ter  t i l lage  with a fleceible s-tine 
harrow. (Olsson, 19781. 

No o f  t r i a l s  ~ o u g h n e s s ~ ) ~ e r c e n t a ~ e  o f  
cm aggregate 

e 4  mm 

No o f  harrowinas 

T ine  spacing crn 
10 

Approach angie o f  
the  t i n e s  
F igure  I a 5 0.73 52 
F igure  1 b 0.74 54 

a)  The roughness i s  c a l c u l a t e d  as t h e  mean standa d d e v i a t i o n  o f  5 162 he igh t  measurements on a sur face o f  0.25 m . 



ROUGHNESS OF THE TILLAGE BOTTOM 

The depth of t h e  c o u l t e r s  and consequently the  p lac ing  o f  the  
seeds i s  o f t e n  determined by t h i s  surface. Among the  narrow t i nes ,  
s - t i nes  a r e  most ly  used and w i l l  be discussed here. Wi th these 
t i n e s  the  t i l l a g e  bottom i s  always more o r  l ess  rough. One way 
o f  making the  t i l l a g e  bottom more even ( t a b l e  2 ) ,  i s  t o  increase 
t h e  number o f  harrowings. Another way i s  t o  put more t i n e s  on t h e  
implement, but  a narrower spacing than about 7 cm does no t  seem t o  
be usefu l .  

V a r i a t i o n  i n  s o i l  res is tance causes a s p i i n g  movement of t h e  
t i n e s  which in f luences t h e i r  working depth and t h e  roughness of 
t h e  t i 1  lage bottom. I n  theory an approach angle d ,  1 i k e  f i g u r e  
1 a, should g i v e  t h e  smal lest  v a r i a t i o n  i n  depth, bu t  i n  r e a l i t y  
changes o f  the  approach angle have had l i t t l e  e f f e c t .  On harrows 
used i n  Sweden the  depth adjustment i s  commonly done by tu rn ing  
the  t i n e  axes. 

THE AGGREGATE S I Z E  DISTRIBUTION 

The approach angle of t h e  t i n e s  seems t o  have an e f f e c t  
on the  aggregate s i z e  d i s t r i b u t i o n  received dur ing  t h e  s o i l  
loosening process. 

FIGURE 

With an angle l i k e  f i g u r e  1 a t h e  s o i l  i s  l i f t e d  and the re  i s  no 
counter pressure as i n  1 b, where the  t i n e  works aga ins t  t h e  un- 
t i l l e d  s o i l  and crushes c lods more e f f e c t i v e l y .  Heavy c lodcrushers 
w i t h  r i g i d  t i n e s  working w i t h  an approach angle g rea te r  than 90' 
( f i g u r e  1 c )  a r e  very  e f f e c t i v e  i n  crumb1 ing  a sur face c r u s t .  
Hard loose- ly ing  c lods i n  c layey  s o i l s  a r e  e s p e c i a l l y  d i f f i c u l t  
t o  break as the  t i n e s  o n l y  push them aside. Most Swedish harrows 
a r e  fu rn ished w i t h  l e v e l l i n g  bars, and if o f  a s u i t a b l e  con- 
s t r u c t i o n  they can be very  e f f e c t i v e  i n  crumbl ing the  s o i l .  
Some manufacturers now pay spec ia l  a t t e n t i o n  t o  t h i s  p a r t  o f  the  
implement. The t r a c t o r  wheels a l s o  do a l o t  o f  crushing e s p e c i a l l y  
broad tw in  mounted wheels. On l i g h t e r  s o i l s  t r a i l e r  harrows o f  
r o l l e r  type can be very  e f f e c t i v e .  

CONCLUSIONS 

According t o  our experience t h e  c o l l e c t i o n  of l a r g e  s o i l  
samples makes i t  poss ib le  t o  evaluate t h e  work o f  t h e  t o o l s  i n  
t h e  s o i l .  U n t i l  now we have o n l y  measured some o f  t h e  parameters. 
Other e f f e c t s ,  e.g. mixing, s o r t i n g  and water losses dur ing  
t i l l a g e  remain t o  be measured. 

The s o i l  sampling i s  f a i d y  labor ious  and the  number o f  t r e a t -  
ments o r  types o f  analyses must be r e s t r i c t e d  i f  the  work i s  t o  



be done dur ing  the  t ime when appropr ia te  s o i l  cond i t i ons  f o r  t i l l a g e  
a r e  p r e v a i l i n g .  

We have planned a cont inuous programme f o r  these i nves t i ga t i ons  
i n  o rder  t o  c o l l e c t  f u r t h e r  experience and t o  f o l l o w  the  develop- 
ment o f  new t o o l s .  Development o f  t h e  theory o f  s o i l  mechanics w i t h  
spec ia l  emphasis on the  s o i l  sur face cond i t i ons  would be o f  g rea t  
va lue i n  exp la in ing  t h e  e m p i r i c a l l y  found r e s u l t s .  

REFERENCES 

Henriksson, L., S tud ier  av nQgra jordbearbetningsredskaps arbets -  
sS t t  och a r b e t s r e s u l t a t .  Rapporter f r sn  j o r d -  
bearbetningsavdelningen n r  38. Uppsala. 1974. 

Hskansson, 1 .  6 von Polgsr,  J., ModellfGrsbk med sQbSddens funkt ion.  
I .  SabBdden som skydd mot avdunstning. Rapporter 
f r a n  jordbearbetningsavdelningen n r  46. Uppsala . 
1976. 

K r i t z ,  G. ,  SQbSddens ut formning pa v3rsQdda f B l t .  I V .  S t i ck -  
provsundersbkningar 1969 - 1972. En G v e r s i k t l i g  
s t u d i e r  av nsgra v i k t i g a  f a k t o r e r .  Rapporter 
f r s n  jordbearbetningsavdelningen n r  49. Uppsala 
1976. 

Olsson, U., Harvens kons t ruk t i on  och harvningens utfBrande - 
inverkan bearbetn ingsresu l ta te t .  Rapporter f r a n  
jordbearbetningsavdel n ingen n r  54. Uppsala 1978. 



The sth Conference of the International Soi l  Ti l lage Research 
Organization, ISTRO, Bundesrepublik Deutschland, 1979 

Seedbed Preparation for  Arid and Semi-Arid Conditions- 
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Introduction 

Under a r id  and semi-arid c l imat ic  conditions, dry-land 
agr icu l tura l  pract ices  a r e  directed toward improving the water 
balance for  the crops through top s o i l  layer-physical properties 
modification by t i l l a g e  operations. This is t rue  for  i r r iga ted  
agr icu l ture  and more so f o r  rainfed agr icul ture  under adverse 
c l imat ic  conditions. 

Ti l lage operations a f f e c t  crops development and yields  by: 

a. Improving water storage of winter precipi ta t ion by 
increasing s o i l  i n f i l t r a b i l i t y ,  weeds eradict ion and 
decreasing evaporative losses.  

b. Producing a "proper"- seed bed for  crop establishernent 
while modifying the s o i l  physical conditions t o  help 
root development and pro l i fe ra t ion .  

Unfortunately these operations involve a heavy t o l l  t o  be 
paid i n  labour, machinery and energy inputs.  This comes a s  a 
consequence t o  the f a c t  tha t  most t i l l a g e  a c t i v i t i e s  a r e  carried 
out on a dry s o i l  aiming at  minimize s o i l  compaction- a very 
severe problem i n  the s o i l s  of the dry regions which a r e  devoid 
of organic material .  

I n  order t o  study t h i s  complex problem the scope of t h i s  
preseutation is too small, however, we s h a l l  point  out some 
problems and solutions.  
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Water Conservation and Weed Control  

Rainwater conserva t ion  i n  t h e  s o i l  i s  of utmost importance 
i n  a r i d  and semi-arid zones. I n  t a b l e  1 annual r a i n f a l l s  and 
amounts of water  s t o r e d  i n  deep s o i l  p r o f i l e s  a r e  given.  

Table 1 

.4mounts of r a i n f a l l  s t o r e d  i n  a c l ay  s o i l  p r o f i l e  (150cm) 

(After  Hadas 1977) 

Amounts of water s to red  dur ing  t h e  winter  (mm) 

R a i n f a l l  Plowing Chis l ing  No T i l l a g e  
(mm) 40 cm 25cm 40cm 

The d a t a  show t h a t  f o r  annual  r a i n f a l l s  exceeding 200-300mm, 
up t o  10-15% more water  a r e  conserved under plowed p l o t s  a s  compared 
t o  non- t i l l ed  p l o t s .  This  apprec iab le  amount of p o t e n t i a l l y  a v a i l -  
a b l e  water f o r  p l a n t  growth can be used by v a r i o u s  c rops  e i t h e r  
dur ing  t h e  winter  r a i n y  season (wheat, ba r l ey ,  ve t ch ,  sunflower) 
o r  summer's- d ry  season c rops  ( co t ton ,  m i l l e t ,  sorghum, c o r n ) ,  
provided t h e  s o i l  is impregnates wi th  r o o t s .  

Not always a r e  t i l l a g e  ope ra t ions  e f f e c t i v e  i n  inc reas ing  
s o i l  water  s to rage .  Under winter  r a i n  cond i t ions  l o e s s i a l  o r  
s i l t y  s o i l s  tend t o  form c r u s t s  and according t o  d a t a  presented 
by Hadas and S t ibbe ,  1977,and more r e c e n t  unpublished measure- 
ments, t h e  c r u s t  is formed dur ing  and immediately a f t e r  t h e  
f i r s t  r a i n  storm and ha rd ly  changes i ts  p r o p e r t i e s  a f te rwords .  
It was found on a l o s s i a l  s o i l  having a s l o p e  of 2% t h a t  on 
a coa r se ly  plowed p l o t ,  3-7% of t h e  seasona l  r a i n f a l l  is l o s t  
due t o  runoff  a s  compared t o  20-35% on r i d g e s ,  o r  d i s k e s  o r  
plowed and disked p l o t s .  These d a t a  sugges t  t h a t  plowing a lone  
i s  an e f f e c t i v e  water  conserving measure aggregated and non- 
aggregated s o i l s  and a s  compared t o  o t h e r  t i l l a g e  ope ra t ions ,  
but  one d i s k i n g  ope ra t ion  w i l l  he lp  produce a c r u s t  which may 
not  i n h i b i t  s eed l ings  emergence (Hadas and St ibbe ,  1977) bu t  
w i l l  d r a s t i c a l l y  diminish i n f i l t r a t i o n  and enhence runoff and 
eros ion .  

It was found (Hadas, 1977) t h a t  on plowed p l o t s  only  66 
t o  70 weed seed l ings  were as on n o n t i l l e d  disked o r  c h i s l e d  
p l o t s  227 t o  241 seed l ings  pe r  m2 were counted. Thus plowing 
a c t s  a s  a n  e f f e c t i v e  weed e r a d i c t i n g  measure on one hand he lp ing  
t o  diminish t r a n s p i r a t i v e  l o s s  of water  s t o r e d  i n  t h e  s o i l  
p r o f i l e  by weeds, and reducing runoff  l o s s e s  on t h e  o t h e r  hand. 



Se-d Bed Prepara t ions  - 

I n  a r i d  and semi-arid reg ions  r a in fed  dryland farming 
p r a c t i c e s  s t r i v e  t o  he lp  t h e  sown seeds  complete on t h e  
measer supply of s o i l  water  which diminishes dur ing  t h e i r  
germination and emergence due t o  d i r e c t  evapora t ive  l o s s e s  
from t h e  s o i l .  The importance of t h e  knowledge of t h e  proper 
seed--bed phys ica l  p r o p e r t i e s  by which evapora t ive  l o s s  w i l l  
be r e t a rded  (Hadas, 1968) and water  supply t o  seeds will. he 
maintained by good seed-soi l  con tac t  was heav i ly  s t r e s r e d  +: 
Hadas and St ibbe  (1977), Hadas (1974), and Hadas alnd Rtiss? 
(1974a). Kadas and Russo (1974b) have a l s o  recommended t h a t  
i n  order  t o  ensure a good seed-soi l  con tac t  w i th  i n  t h e  s o i l  
ma t r i c  p o t e n t i a l  range of -300 t o  -1000 mbrs, t h e  s o i l  aggregates  
seed bed l a y e r  should be made of crumbs one f i f t h  t o  one teqri- 
of t h e  seeds s i z e .  Their  l abora to ry  based recommenCaticn. was 
i n  support  t o  f i e l d  experiments concerning smai l  l i k e  sorghux. 
seeds (Dasberg, e t .  a l . ,  1966) but  was not  s i g n i f i c a x r l y  s o  
when f a i r l y  l a r g e r  seeds  were used such a s  c o t t o n  seeds !Fmda?- 
e t .  a l . ,  1978) even though lower s t ands  were counted whereve? 
coa r se r  t i l t h  was involved (e.g.- deep plowing). This  t rend  
was predic ted  by Hadas and Russo (1974b), however t h e  cos t -  
energy and Labour wise- on one hand and t h e  runof f ,  e ros ion  
hazards involved i n  f i n e r  t i l t h  on t h e  o t h e r s ,  i s  tremendous 
according t o  Hadas, e t .  a l . ,  1978. This  s t a t e  of a f f a i r  inposes 
a grim d i l e m :  how t o  till t h e  s o i l  proper ly?  

The c u r r e n t  I s r a e l i  t rend  is t o  reduce t i l l a g e  opera t iof i s  
and p l a n t  i n  coa r se r  t i l t h  whenever c r u s t  may be  formed on the  
s o i 1 , t h u s  p lac ing  water  and s o i l  conserva t ion  a s  t h e  most import- 
a n t  goal-s, while  tak ing  some r i s k s  a s  t o t a l  y i e l d s  may be ic>?er. 
Y e t ,  such an approach adoptes  i n  a n  i n t e n s i v e ,  h igh ly  mechanized 
and e f f i c i e n t l y  manages farming system can n o t  be d i r e c t l y  an6 
l i t e r a l y  adopted by extens ive ,  non mechanized systems witiicv.L 
ca r ry ing  experiments ana t e s t s  be fo re  a d e c i s i o n  is taken.  

T A j  t r r a t u r e  Cited:  . 

1. Dasberg, S., H i l l e l ,  D . ,  and Arnon, I. 1966. Response oC- 
g r a i n  sorghum t o  seed bed compaction. Agr. 3 .  58: 199-2;31 

2 .  Hadas, A. 1968. Evaporation and dry ing  processes  i n  ].aye-- 
s o i l s .  Ph.D. d i s s e r t a t i o n ,  106pp wi th  English summary. 
Rehovo t . 

3 .  Hadas, A.  1974. Water t r a n s f e r  t o  germinat ing seeds  a s  
a f f e c t e d  by s o i l  hydraul ic  p r o p e r t i e s  and seed-soi l  water  
contac t  impedance. pp. 501-512 I n  "Heat and Mass t r an - fe -  
i n  Biosphere 1-Transfer process  i n  p l a n t  environn.ent. 
Valstead P res s ,  N .  Y .  

L .  Xadas, A. 1978. T i l l a g e  s o i l  phys ica l  cond i t ions  and cror:: 
response. pp. 441-459. I n  Proc. of I n t .  Sym~.  on R.ain;e& 
Agr icu l tu re  i n  Semi-Arid Regions, Rivers ide ,  C a l i f o r n i a .  



5. Hadas, A. and Russo,D. 1974a. Water uptake by seeds  a s  
a f f e c t e d  by water s t r e s s ,  c a p i l l a r y  conduct iv i ty ,  and 
seed-soi l  water con tac t .  I Experimental s tudy.  Agr. J. 
65: 643-647. 

6. Hadas, A.  and Russo, D.  1974b. Water uptake by seeds a s  
a f f e c t e d  by water s t r e s s ,  c a p i l l a r y  conduct iv i ty  and seed- 
s o i l  water con tac t .  I1 Analysis  of esperimental  Data. 
Agr. J .  65:647-652. 

7.  Hadas, A.  and S t ibbe ,  E .  1977. S o i l  c r u s t i n g  and 
emergence of wheat s eed l ings .  Agr. J .  69:547-550. 

8 .  Hadas, A. ,  Wolf, D.  and Meirson, I .  1978. T i l l a g e  
implements- S o i l  s t r u c t u r e  r e l a t i o n s h i p s  and t h e i r  
e f f e c t s  on crop s tands .  S o i l  Sc i .  Soc. Amer. J .  
42:632-637. 



The 8 t h  Conference of t h e  I n t e r n a t i o n a l  S o i l  T i l l a g e  Research 
Organizat ion,  ISTRO, Bundesrepublik Deutschland, 1979. 

Nonerodible S o i l  Aggregates i n  Surface S o i l  as Related t o  T i l l a g e  
P r a c t i c e  - 11 

D. E. Smika, S o i l  S c i e n t i s t ,  USDA 
Cent ra l  Great  P l a i n s  Research S t a t i o n  
Akron, Colorado 80720, U.S.A. 

ABSTRACT 

Percentages of nonerodible  s o i l  aggregates  on t h e  s o i l  
s u r f a c e  were determined a f t e r  seeding  of winter  wheat i n  conven- 
t i o n a l  s t u b b l e  mulch, minimum and n o - t i l l a g e  f a l low systems. Tbf 
t o t a l  percent  of nonerodible  aggregates  was 64.2, 68. i ,  and 69.42  
f o r  conventional  s t u b b l e  mulch, minimum, and n o - t i l l a g e  systems, 
r e spec t ive ly .  The increased  aggregat ion i s  a t t r i b u t e d  t o  t h e  
l a r g e r  amounts of s t raw mulch on t h e  s o i l  s u r f a c e  l e f t  as a 
r e s u l t  of fewer mechanical t i l l a g e  ope ra t ions  dur ing  fal low. 
Residue inc reases  were n e a r l y  twice a s  e f f e c t i v e  a s  the  nonerod- 
i b l e  aggregate i n c r e a s e s  i n  decreas ing  t h e  wind e ros ion  hazard. 

S o i l  e r o s i o n  hy wind is a c t i v e  on most c u l t i v a t e d  s o i l s  i n  
t h e  Cent ra l  Great  P l a i n s  of  t h e  United S t a t e s  today. Wind e ros ion  
i s  a p o t e n t i a l  t h r e a t  i n  most years-- i t  may occur  whenever s o i l ,  
v e g e t a t i v e ,  and c l i m a t i c  cond i t ions  a r e  conducive. Condit ions 
t h a t  promote wind e ros ion  a r e  ( i )  l oose ,  dry ,  and f i n e l y  d iv ided  
s o i l ,  ( i i )  a smooth s o i l  s u r f a c e  where v e g e t a t i v e  cover i s  spa r se  
o r  absen t ,  ( i i i )  a l a r g e  enough f i e l d ,  and ( i v )  wind s t r o n g  enocgh 
t o  i n i t i a t e  s o i l  movement (5).  Wind e r o s i o n  is most s e r i o u s  i n  
t h e  Cent ra l  Great P l a i n s  l a t e  i n  w i n t e r  and e a r l y  i n  s p r i n g  
(February through Apr i l )  when atmospheric cond i t ions  a r e  t h e  lrsst 
s t a b l e  and c r e a t e  pe r iods  of high wind v e l o c i t i e s .  The period is  
one during which v e g e t a t i v e  growth i s  dormant, and fo l lows a percad 
of weathering degradat ion  of both v e g e t a t i v e  m a t e r i a l s  and s o i l  
aggregates .  

S o i l  e ros ion  can be c o n t r o l l e d  by c r e a t i n g  a s o i l  s u r f a c e  
t h a t  i s  r e s i s t a n t  t o  e ros ion ,  decreas ing  windspeed (through 
s h e l t e r b e l t s  o r  b a r r i e r s ) ,  p r o t e c t i n g  t h e  e rodib le-s ized  s o i l  
p a r t i c l e s  from t h e  wind, o r  a combination of t hese  p r a c t i c e s ,  
Inc reas ing  t h e  s u r f a c e  roughness of t h e  s o i l  i n c r e a s e s  t h e  resis- 
tance  of a s o i l  t o  e ros ion .  Surface  roughness can  be increased  
by inc reas ing  t h e  propor t ion  of s o i l  aggregates  t h a t  a r e  r e s i s r m r  
t o  e ros ion  on t h e  su r face .  When about  67% of t h e  aggrezatcij  r?n 
t h e  s o i l  s u r f a c e  a r e  g r e a t e r  than 0.84 mm i n  d iameter ,  the  smaller ,  
e rodib le-s ized  p a r t i c l e s  a r e  p ro tec t ed  and l e s s  l i k e l y  t o  he  
picked up by t h e  wind ( 6 ) .  Ridging t h e  s o i l  su r face ,  o r  v e g e t a t i v e  
r e s i d u e  a l s o  p r o t e c t  t h e  s o i l  su r face .  

I/ Contr ibut ion from S o i l ,  Water, and A i r  Sciences,  USPL-.Ag'i- - 
c u l t u r a l  Research. 



Minimum and no- t i l l age  fa l low p r a c t i c e s  f o r  w in te r  wheat 
product ion have r e c e n t l y  been introduced i n t o  t h e  Central  Great  
P l a i n s  ( 4 ) .  These p r a c t i c e s  have increased  t h e  q u a n t i t y  of r e s idue  
t h a t  is maintained on t h e  s o i l  su r face ,  which, i n  i t s e l f ,  he lps  t o  
p r o t e c t  t h e  s o i l  from wind eros ion .  However, t h e  formation and 
s t a b i l i t y  of nonerodible-sized s o i l  aggregates  i s  h igh ly  r e l a t e d  
t o  the  q u a n t i t y  of wheat s t raw res idue  on t h e  s o i l  s u r f a c e  (3 ) .  
Therefore, minimum o r  n o - t i l l a g e  f a l low p r a c t i c e s  should i n c r e a s e  
t h e  nonerodible  s o i l  aggregate f r a c t i o n  of t h e  su r face  s o i l .  This  
s tudy was conducted t o  determine whether minimum t i l l a g e  and no- 
t i l l a g e  p r a c t i c e s  were in f luenc ing  the percentage of nonerodible  
aggregates  i n  t h e  su r face  s o i l  a s  compared wi th  conventional  
s t u b b l e  mulch t i l l a g e .  

METHODS AND MATERIALS 

S o i l  aggregate  s i z e  d i s t r i b u t i o n  was determined on r e sea rch  
p l o t s  t h a t  had been under conventional  s tubb le  mulch t i l l a g e ,  
reduced t i l l a g e ,  o r  n o - t i l l a g e  f a l low p r a c t i c e s  s i n c e  1973. Conven- 
t i o n a l  s t u b b l e  mulch t i l l a g e  cons i s t ed  of an average of s i x  t i l l a g e  
ope ra t ions  dur ing  fa l low.  Common implements used were a  s e r i e s  of  
1 .8  m wide b l a d e s  o r  a  rodweeder wi th  semich i se l s  used i n  va r ious  
o p e r a t i o n a l  sequences. I n  a l l  sequences, t h e  f i r s t  ope ra t ion  was 
a  b lade  opera t ion  and the  last was a  rodweeder opera t ion .  To ta l  
width f o r  each implements was about  4 m. Reduced t i l l a g e  fa l low 
cons is ted  of weed c o n t r o l  f o r  t h e  f i r s t  12 months wi th  h e r b i c i d e s  
p l u s  two t i l l a g e  ope ra t ions  j u s t  before  seeding f o r  weed c o n t r o l  
wi th  e i t h e r  t h e  b l ades  o r  t h e  rodweeder. Under no - t i l l age ,  weeds 
were c o n t r o l l e d  wi th  he rb ic ides  during t h e  e n t i r e  14-month f a l low 
per iod .  The p l o t s  were on Weld s i l t  loam ( f i n e ,  montmor i l loni t ic ,  
mesic Ar id i c  P a l e u s t o l l s ) .  They were 11 m by 30 m, and t rea tments  
were r e p l i c a t e d  3 times. The p l o t s  were sampled f o r  aggregate  
a n a l y s i s  a f t e r  seeding of wheat i n  September 1975, 1976, 1977, and 
1978. S ix  samples, each 15  by 25 by 5 cm, were randomly c o l l e c t e d  
wi th in  each p l o t  of  each r e p l i c a t i o n .  Aggregate s i z e s  of l e s s  
than 0.84, 0.85 t o  6.4, 6.5 t o  12.6, 12.7 t o  38, and more than 
38 mm i n  diameter  were determined on oven dry samples us ing  dry 
r o t a r y  s i e v i n g  procedures (1 ) .  

The amount of r e s idue  on t h e  s o i l  s u r f a c e  w a s  determined from 
3 s i t e s  w i th in  each p l o t  us ing  s t anda r i zed  procedures ( 5 ) .  Residue 
i n  t h e  s u r f a c e  7.6 cm of s o i l  was determined us ing  techniques des- 
c r ibed  by Greb e t  a l .  (2) .  

RESULTS AND DISCUSSION 

The amount of wheat s t r aw re s idue  l e f t  on t h e  s o i l  s u r f a c e  a t  
seeding time was s i g n i f i c a n t l y  increased  by minimum and n o - t i l l a g e  
p r a c t i c e s  a s  compared wi th  conventional  s t u b b l e  mulch t i l l a g e  
(Table 1 ) .  The q u a n t i t y  of  r e s idue  destroyed was d i r e c t l y  r e l a t e d  
t o  t h e  number of t i l l a g e  opera t ions .  Each t i l l a g e  ope ra t ion  
destroyed about  200 kg of s t rawlha  from t h e  s o i l  su r face .  

The q u a n t i t y  of nondecomposed wheat s t r aw found i n  the  upper 
7.6 cm of s o i l  was a l s o  inf luenced  by f a l low t i l l a g e  p r a c t i c e  
(Table 1). The l e a s t  amount of r e s idue  w a s  p re sen t  i n  t h e  p l o t s  



under conventional  s tubb le  mulch t i l l a g e ,  and t h e  most was i n  t h e  
p l o t s  under the  n o - t i l l a g e  p r a c t i c e .  The t i l l a g e  t rea tments  had 
been used f o r  one wheat-fallow cycle  before  sampling was i n i t i a t e d ,  
which had permit ted incorpora t ion  of r e s idue  i n t o  t h e  s o i l  by two 
d r i l l i n g  opera t ions .  Also, t h e  experimental a r e a  had been s t u b b l e  
mulch farmed f o r  s e v e r a l  yea r s  be fo re  t h e  minimum and no- t i l lage  
p r a c t i c e s  were i n i t i a t e d ,  and, t he re fo re ,  some s t raw had accumu- 
l a t e d  from t h i s  p r a c t i c e  and was probably at  about  t h e  l e v e l  
found i n  t h e  conventional  s tubb le  mulch t i l l a g e  p l o t s  dur ing  t h i s  
study. The number of  t i l l a g e  ope ra t ions  d id  n o t  a f f e c t  r e s i d z e  i;l 

t h e  s o i l  a s  d i r e c t l y  a s  i t  d i d  r e s idue  on t h e  s o i l  su r face .  The 
-crease r e s idue  i n  t h e  s o i l  ranged from an average of a 160 kg/ha d- 

pe r  opera t ion  f o r  conventional  a s  compared wi th  minimum t i l l a g e  t o  
a 385 kglha decrease per  ope ra t ion  f o r  minimum a s  compared wi th  no- 
t i l l a g e .  

The t o t a l  percent  of nonerodible  aggregates  was s i g n i f i c a n t l y  
h igher  f o r  both t h e  minimum and n o - t i l l a g e  systems a s  compared 
wi th  conventional  s t u b b l e  mulch t i l l a g e  (Fig. 1 ) .  This  t rend  was 
c o n s i s t e n t  each year  of the  s tudy and the  percent  nonerodible  
aggregates  f o r  no - t i l l age  ranged from a h igh  of 75% t o  a low of 
66%. There was no s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  percent  non- 
erodib1.e aggregates  between t h e  minimum and no- t i l l age  systems. 

The t o t a l  percent  nonerodible  aggregates  was favorable  on a l l  
t rea tments ,  bu t  t h e  minimum and n o - t i l l a g e  systems provided g r e a t e r  
p r o t e c t i o n  t o  t h e  s o i l  from wind e ros ion  than d id  t h e  conventional  
s t u b b l e  mulch t reatment .  With conventional  s t u b b l e  mulch t i l l a g e ,  
t h e  t o t a l  percent  nonerodible  aggregates  could be  inadequate f o r  
p ro tec t ing  t h e  s o i l .  

I n  t h e  0.85- t o  6.4-mm nonerodible  aggregate s i z e ,  the  per- 
cen t  of  aggregates  was h i g h e s t  wi th  conventional  s t u b b l e  mulch 
t i l l a g e ,  b u t  t h e  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
I th ink  t h a t  t h e  h igher  percentage of aggregates  i n  t h i s  s i z e  
c l a s s i f i c a t i o n  is important ,  however, because when these  aggre- 
g a t e s  break down i n t o  t h e  next  sma l l e r  s i z e ,  e i t h e r  n a t u r a l l y  o r  
by t i l l a g e ,  they w i l l  form a l a r g e r  percentage of e r o d i b l e  s i z e d  
aggregates  than would be  formed under minimum o r  no- t i l lage .  

In  t h e  12.7 t o  38 and >38 mm aggregate  s i z e  c l a s s e s ,  t h e  
percent  of nonerodible  aggregates  was l a r g e s t  w i th  the  minimum and 
n o - t i l l a g e  systems as compared w i t h  conventional  s t u b b l e  mulch 
t i l l a g e .  The h igh  percentage of t hese  l a r g e  aggregates  is impor- 
t a n t ,  because t h e  l a r g e r  aggregates  r e q u i r e  more breakdown t o  reach 
t h e  e r o d i b l e  s i z e .  

The t o t a l  percent  of nonerodible  s o i l  aggregates  was h igh ly  
r e l a t e d  t o  t h e  q u a n t i t y  of wheat r e s idue  on t h e  s o i l  su r face  
( r 2  = 0.990""). The c o r r e l a t i o n  between nonerodible  s o i l  a gre q i -  g a t e s  and r e s idue  i n  t h e  s u r f a c e  7.6 cm of s o i l  w a s  high ( r -  
0.891K), b u t  n o t  a s  good a s  t h e  c o r r e l a t i o n  wi th  r e s idue  on t h e  
su r face .  This lower c o r r e l a t i o n  wi th  r e s idue  i n  t h e  s o i l  i s  n o t  
s u r p r i z i n g ,  because t h i s  r e s i d u e  probably l o s t  t h e  original .  bond- 
ing  agents ,  s o  t h a t  i ts  presence was n o t  s o  i n f l u e n t i a l  i n  aggre- 
g a t e  formation a s  r e s idue  on t h e  s o i l  su r face .  



The r e l a t i v e  e f f e c t i v e n e s s  of nonerodible  aggregates  o r  r e s i -  
due on t h e  s o i l  s u r f a c e  f o r  wind e ros ion  p r o t e c t i o n  was determined 
with the  use  of  t h e  wind eros ion  equat ion  (7 ) .  The inc reases  i n  
t h e  s o i l  aggregate  and crop r e s idue  f a c t o r s  obtained wi th  minimum 
and n o - t i l l a g e  over those  obta ined  wi th  t h e  conventional  s tubb le  
mulch t i l l a g e  were used i n  t h e  comparison, keeping a l l  o t h e r  terms 
i n  the  equat ion cons tant .  Inc reas ing  the  nonerodible  aggregate  
percentage by 3.9% wi th  minimum t i l l a g e  decreased p o t e n t i a l  e ros ion  
by 22.2% a s  compared wi th  conventional  s tubb le  mulch t i l l a g e .  With 
no - t i l l age ,  the  a d d i t i o n a l  1.3% nonerodible  aggregates  decreased 
e ros ion  p o t e n t i a l  a n  a d d i t i o n a l  5.6%. The 880 kg/ha inc rease  i n  
r e s idue  wi th  minimum t i l l a g e  decreased the  e ros ion  p o t e n t i a l  36% 
as compared wi th  conventional  s tubb le  mulch t i l l a g e .  The 1050 
kg/ha inc rease  i n  r e s idue  w i t h  n o - t i l l a g e  decreased e ros ion  poten- 
t i a l  by 45.6% a s  compared with conventional  t i l l a g e .  The r e s idue  
inc reases  were about  twice a s  e f f e c t i v e  a s  t h e  inc reases  i n  non- 
e r o d i b l e  aggregates  i n  decreasing t h e  wind e ros ion  hazard. 

SUMLURY AND CONCLUSIONS 

The minimum and n o - t i l l a g e  systems of f a l low f o r  win te r  wheat 
production i n  t h e  Cent ra l  Great P l a i n s  a r e  s u p e r i o r  t o  the  conven- 
t i o n a l  s tubb le  mulch t i l l a g e  system f o r  developing nonerodible  s o i l  
aggregates .  The presence of g r e a t e r  q u a n t i t i e s  of wheat r e s idue  on 
t h e  s o i l  s u r f a c e  a s  a r e s u l t  of fewer mechanical t i l l a g e  ope ra t ions  
i s  probably the  major f a c t o r  r e spons ib le  f o r  the  increased  
aggregat ion.  The r e s idue  inc reases  were n e a r l y  twice a s  e f f e c t i v e  
a s  the  nonerodible  aggregate  inc reases  i n  decreas ing  the  wind 
e ros ion  hazard. 
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Table 1. Wheat s t r aw  re s idue  a s  r e l a t e d  t o  fa l low t i l l a g e  p r a c t i c e .  

Residue Amount 
Treatment L e f t  on s o i l  L e f t  i n  upper Tota l  

s u r f a c e  . 7.5 cm of s o i l  -------------- kg/ha 

Conventional t i l l a g e  1000 a* 3160 a  4160 

Minimum t i l l a g e  1800 b 3800 b 5680 

No- t i l l age  2050 b 4570 c 6620 

* 
Column va lues  followed by t h e  same letter a r e  no 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  t h e  5% l e v e l .  



P e r c e n t a g e s  of  f i n e  s o i l  a g g r e g a t e  s i z e  c l a s s i f i c a t  
and n o - t i l l a g e  sys tems .  

Convent ional  t i l l a g e  

Ffinimum t i l l a g e  

N o - t i l l a g e  

Q S i g n i f i c a n t l y  h i g h e r  than c o n v e n t i o n a l  
s t u b b l e  mulch t i l l a g e  a t  95% l e v e l  of  
p r o b a b i l i t y  m 

.85 t o  6.4 6 . 5  t o  1 2 . 6  12.7  t o  38 

Soj.1 Aggregate S i z e  C l a s s i f i c a t i o n  (mm) 

i o n s  l e f t  bv con 

T o t a l  noneroc 
a g g r e g a t e  

l i b l e  
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The Effectiveness of Erosion Control in No-Till Corn Production. 

A.R. Pesant, Soil Physicist, 
Agriculture Canada, Lennoxville, Quebec, JIM 123, Canada. 

ABSTRACT 

During 4 sequent growing seasons (May through September) rainfall, 
run3ff, soil and nutrients losses (NO -N, P K) were measured from 

3 45m erosion plots with 9% slope for no-till and conventional corn 
systems. The no-till system controled 63% of the rainfall loss 
as runoff and 94% of the soil losses when compared with conventional 
system. The 4 year total soil losses amounted to 0.19 mm for no- 
till corn and 3.45 mm for conventional corn. Aside from reduced 
runoff and soil erosion, no-till benefits included a striking re- 
duction in NO -N, P, K losses, respectively amounting to 27%, 92%, 

3 and 72% of the applied fertilizer. 

INTRODUCTION 

Soil erosion has been described as a serious source of agricultural 
pollution. The increase in acreages of corn silage in mountai - 
nous regions have resulted in a dramatic reduction of the soil pro- 
ductivity. 

The practice of planting corn in grass sod or established cover cror, 
treated with herbicide has gained favor on sloping land by reducing 
the amount of runoff and soil erosion (1, 4, 5, 6, 7, 8). Little 
is known, however, about the relative conservation of soil and run- 
off nutrients from the no-till system for corn production (2, 3, 9). 

The purpose of this study was to evaluate, the effectiveness of soil 
and nutrient erosion control for the no-till corn production system 
as compare to the conventional corn system. 

EXPERIMENTAL PROCEDURE 

Field studies were conducted in the heart of rolling hill Apalachi- 
an region, at the Lennoxville Research Station, Quebec, Canada. 
Six runoff plots were constructed for no-till corn and conventional 
corn systems on tile drained Coaticook clay loam soil, one of the 
benchmark soils of the area. The study was a completely randomi- 
zed design with three replicates. The plots were 15 m long up 
and down a 9% slope and 3 m wide. The runoff was collected in a 
downslope through, and a pipe carried the runoff to silt boxes and 
side tanks. A multislot diviser was installed between the silt 
boxes and the side tanks to collect the soil suspension overflow. 
The amount of runoff collected was measured and corrected for rain- 
fall. The contents of the tanks were thoroughly mixed and sam- 
pled. The sample of the suspension taken was then filtrated and 
the proportion of sediment to water was determined to calculate the 
percentage of the runoff occurring during any given storm. 

A few days prior to planting the residual sod was killed with 4.5 



~glha of Atrazine for no-till corn system. Conventional tillage 
method of turn plowing and disking was practiced prior to seeding. 
Atrazine, at the rate of 2.5 kg active ingredientlha, was sprayed on 
the conventional seed bed plots to control weeds in lieu of cultiva- 
tion. 

The corn was hand planted on all plots in each of the 4 years to mi- 
nimize stand variability. The corn was planted in rows 75 cm ap- 
part on a 20 cm spacing, which provided' a 4 year average population 
density of 59,703 plantslha. Fertilizer was surface broadcast on 
all plots at the average annual rate of 71, 53, and 143 kglha of N, 
P and K respectively. Corn yields were recorded at harvest in 
kglha of dry matter. The amount of NO -N, P, K nutrients dissol- 
ved in runoff water and available NO -N, 3 and exchangeable K in 
eroded soil were determined. 3 

RESULTS AND DISCUSSION 

Monthly precipitation averaged 128 mm for the 4 growing seasons 
having the lowest rainfall in June and the highest in July. The 
year 1975 was the dryest and 1976 the wettest. The average rain- 
fall intensity was 7 mmlhr ; the year 1974 was the highest with 
10.33 mmlhr. 

Runoff and soil losses. 

No-till corn system reduced runoff and soil erosion to apprecia- 
ble amounts. Mean annual surface runoff amounted to about 14 
and 38 mm or 4.5 and 12% of the growing season precipitation on 
no-till and conventional corn, respectively. (Table 1). 

Table 1 - Annual runoff and soil losses from no-till 
and conventional corn systems, 1973-76. 

YEAR No-Till Corn Conventional Corn 

Kunof f Soil losses Runoff Soil losses 
(lilm) kgjha mm (mm) kglha mm 

1976 23.40 1317 0.090 47.45 15976 1.08 

To tal 55.67 2777 0.190 150.85 50800 3.44 

Annual 
Average 13.91 694 0.047 37.71 12700 0.860 

.. First collection was taken 50 days after seeding. 



The dead sod mulch provide  by the  n o - t i l l  procedure was h igh ly  e f -  
f e c t i v e  i n  reducing runoff  volumes. W e  e s t imated  t h a t  t he  average 
annual  s o i l  water  s t o r a g e  capac i ty  has  been inc reased  by 37% from 
the  n o - t i l l  system. Di f fe rences  i n  s o i l  l o s s e s  i n  runof f  wa te r s  
were s t r i k i n g .  The e f f e c t i v e n e s s  of t he  n o - t i l l  system i n  con- 
t r o l i n g  s o i l  l o s s e s  was similar t o  t h a t  f o r  c o n t r o l i n g  runo f f .  
The annual  s o i l  l o s s  s av ings  averaged 12,0006 kglha  i n  f avo r  of t he  
no- t i l l  s y s  tern. The 4 y e a r  t o t a l  s o i l  l o s s e s  amounted t o  0.19 
mm f o r  n o - t i l l  corn  and 3.45 mm f o r  convent iona l  corn.  Thus, 
r e s i d u a l  sod e f f e c t i v e l y  reduced s o i l  p a r t i c l e  e r o s i o n  by 94%. 

Nu t r i en t  l o s s e s  

Genera l ly ,  growing season NO -N l o s s e s  i n  measured runof f  ranked 
3 second t o  K dur ing  t h e  course  of t h i s  s tudy .  (Table  2 ) .  

Table  2 - Annual runoff  and sediment n u t r i e n t  l o s s e s  
(NO3-N, P ,  K) from n o - t i l l  corn  and conven- 
t i o n a l  corn  e r o s i o n  p l o t s ,  1973-76. 

No-Till Corn Conventional Corn 

- 

Year NO -N P K NO -N P 
3 3 

K 

Runoff n u t r i e n t  l o s s e s  (kglha)  

1973* 0.769 0.019 ----- 0.194 0.007 ----- 
1974 0.618 0.095 3.956 0.918 0.114 6.418 

975 ----- 0.004 0.593 ----- 0.021 5.809 

1976 0.362 0.028 1.705 1.040 0.066 5.159 
- 

Mean 0.583 0.037 2.085 0.717 0.052 5.795 

Sediment n u t r i e n t  l o s s e s  (kg/ha) 

1973* 0.0009 0.0017 0.0086 0.0021 0.0109 0.0139 

1974 0.0099 0.1350 0.1244 0.0594 2.0155 1.8760 

1975 0.0020 0.0440 0.0624 0.1708 2.3616 2.7570 

1976 0.0023 0.2790 0.4337 0.0210 3.6818 3.0718 

Mean . 0.0038 0.1149 0.1573 0.0633 2.0175 1.9296 

* F i r s t  c o l l e c t i o n  was taken 50 days a f t e r  seed ing  

---- Missing d a t a  



The average annual K l o s s  from both  systems exceeded the  NO -N l o s s  
3 by a propor t ion  of 6 : l .  Under these  f i e l d  condi t ions ,  phosphorus 

was the  l e a s t  mobile of the p l a n t  n u t r i e n t  wi th  0.037 kg/ha from 
n o - t i l l  corn  and 0.052 kg/ha from conventional  corn. Runoff nu- 
t r i e n t  b e s t  sav ing  from n o - t i l l  corn  was potassium by con t ro l ing  
64% of the l o s s e s .  The n o - t i l l  corn P and NO -N reduct ions  were 
32 and 19% r e s p e c t i v e l y .  3 

The 4 year  average of NO -N s o i l  n u t r i e n t  l o s s e s  were negl igeable  
3 while  P and K l o s s e s  amounted to  more s i g n i f i c a n t  va lues .  These 

l o s s e s  were approximately 93% higher  from conventional  corn  system 
and d i r e c t l y  r e l a t e d  t o  the  amount of s o i l  l o s s .  A s  a rough ap- 
proximation, t o t a l  NO -N,  P and K l o s s e s  (runoff  + s o i l  l o s s e s )  
amounted t o  about 0.62%, 0.28% and 1.2% of t h a t  appl ied  a s  f e r t i l i -  
ze r  on n o - t i l l  corn. The percent  l o s s e s  i n  the  washoff f o r  the  
conventional  corn were 1.4,  1 3  and 3.6 times g r e a t e r ,  r e spec t ive ly .  

Corn y i e l d  va lues  eva lua t ing  the  n o - t i l l  method of corn product ion 
wi th  conventional  t i l l a g e ,  a r e  summarized i n  t a b l e  3. Average 

Table 3 - Effec t  of t i l l a g e  t reatments  on y i e l d  of corn 
(kg/ha of dry m a t t e r ) ,  1973-76. 

Year No-Till Corn Conventional Corn Mean 

1973  12 ,381 a* 9,717 b 11,049 a 

1974 3,560 c 9,166 b 6,363 b 

1975 12,531 a 12,255 a 12,393 a 

1976 11,927 a 11,863 a 11,895 a 

Mean 10,099 a 10,750 a 

* Means followed by the  same l e t t e r  do not  d i f f e r  s i g n i f i c a n t l y  
a t  5% l e v e l  by Duncan's m u l t i p l e  range t e s t .  

y i e l d  f o r  t h e  4 growing season (kg/ha of dry ma t t e r )  was not  s ign i -  
f i c a n t l y  d i f f e r e n t  between the  two systems. 

Based on our  r e sea rch ,  t he re  is a tremendous p o t e n t i a l  f o r  n o - t i l l  
corn product ion i n  s loping  a r e a s  and expanded corn  acreage is  safe-  
l y  p o s s i b l e  on many sites previous ly  used only f o r  pe renn ia l  crop. 
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EfilrjION STUDIES FOR 3II;FtRElliT TILLAGE nND 
CROP SYSTEMS I N  THE STATE OF PARANA, B R A Z I L  

NONOAROO,A;* VIEIRA,fl. J .;* BISCA1A.R.M." 
CASTRO FILHO,C.DE.;* RUFINO,R.L.* 

ABSTRACT 

The p r e s e n t  p a p e r  shows t h e  p r e l i m i n a r y  results of  s o i l  e r o s i o n  
c o n t r o l  r e s e a r c h  i n  t h e  S t a t e  of Paran; ,Brazi l .  Using s i m u l a t e d  r a i n -  
f a l l  and n a t u r a l  r a i n f a l l ,  s o i l  e r o s i o n  p a r a m a t e r s  were  p r o v i s i o n a l l y  
determined i n  r e l a t i o n  t o  s o i l  t y p e ,  c ropp ing  sys tem,  s o i l  t i l l a g e  
p r a c t i c e s ,  and i n  t h e  c a s e  of t h e  c o f f e e  c rop ,  t h e  management sys tem 
adcpted.  

I n  t h e  summer months s o i l  l o s s e s  a r e  more t h a n  i n  w i n t e r  due t o  
t h e  h i g h e r  r a i n f a l l  i n t e n s i t y  a t  t h i s  time o f  y e a r .  S o i l s  l e f t  unco- 
ve red  d u r i n g  cropping i n t e r v a l s  a r e  s u b j e c t  t o  h e a v i e r  l o s s e s  t h a n  
s o i l s  p l a n t e d  'w i th  a  growing c rop .  S o i l s  p l a n t e d  w i t h  c o t t o n  have 
shodn t o  b e  more s u b j e c t  t o  e r o s i o n  t h a n  s o i l s  p l a n t e d  w i t h  o t h e r  an- 
n u a l  crops  which p r o v i d e  a  b e t t e r  l e a f  cancpy a s  t h e  c rop  deve lops .  
No t i l l a g e ,  b e c a u s e  of t h e  f a c t  t h a t  f a r m e r  crop r e s i d u e s  remain on 
t h e  s u r f a c e  of t h e  s o i l ,  h a s  proved t o  b e  a  v e r y  e f f e c t i v e  means of 
e r o s i o n  c o n t r o l .  

I n  c o f f e e ,  which i s  a  p e r e n n i a l  c rop ,  t h e  p l a n t i n g  sys tem,  d e n s i t y ,  
and weed c o n t r o l  methods can i n f l u e n c e  t o  a  g r e a t  degree  e r o s i o n  i n  
t h e  crop.  

R e s u l t s  o b t a i n e d  up t o  now,although p r e l i m i n a r y ,  a r e  b e i n g  used a s  
a  b a s i s  f o r  recommended s o i l  c o n s e r v a t i o n  t e c h n i q u e s  i n  t h e  s t a t e  of 
P a r a n i .  

INTRODUCTION 

Highly  p r o d u t i v e  l a n d  i n  t h e  S t a t e  of Paran; has  been exposed t o  
e r o s i o n  s i n c e  i t  was c l e a r e d  i n i t i a l l y  f o r  c o f f e e  p l a n t a t i o n s  and l a t -  
t e r l y  f o r  annua l  c r o p s .  I n  t h e  l a s t  t e n  y e a r s  s o i l  l o s s e s  due t o  ero-  
s i o n  became worse  due t o  a  more i n t e n s i v e  mechanized a g r i c u l t u r e .  

The i n c r e a s e  i n  a r e a  of soybean and wheat w i t h o u t  9 r q e r  
e r o s i o n  c o n t r o l  methods h a s  r e s u l t e d  i n  r a p i d  s o i l  d e g r a d a t i o n .  

A r e s e a r c h  Program on S o i l  Management and Conserva t ion  cover ing  t h e  
whole of t h e  S t a t e ,  was s t a r t e d  by IAPAR i n  1974 i n  o r d e r  e s t a b l i s h  
e r o s i o n  c o n t r o l  methods. 

T h i s  program h a s ,  a  s a  g e n e r a l  o b j e c t i v e ,  t h e  development and adap- 
t a t i o n  of  s o i l  c o n s e r v a t i o n  t echno logy  f o r  t h e  c l i m a t i c  and s o i l  con- 
d i t i o n s  of P a r a n s .  T h i s  i n c l u d e s  t h e  f o l l c w i n g  a s p e c t s :  

a1  t o  q u a n t i f y ,  i n  a  s h o r t  and medium term,  g a r a m e t e r s  of  s o i l  ero- 
s i o n  l o s s e s ;  

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

c l  t o  e s t a b l i s h  s o i l  c o n s e r v a t i o n  systems,  a t  farm o r  watershed 
l e v e l ,  i n  o r d e r  t o  p r e s e r v e  and /o r  im,rove s o i l  p r o d u c t i v i t y .  

METHODOLOGY 

S h o r t  t e rm e r o s i o n  p a r a m e t e r s  were o b t a i n e d  by u s i n g  r o t a t i n g .  Scorn 
r a i n f a l l  s i m u l a t o r s ,  measur ing s o i l  l o s s e s  i n  1 1 , O  x  3.5 m p l o t s  unrler 
d i f f e r e n t  c r o p s ,  s o i l  t i l l a g e  and c rop  management. flesurernents were 
a l s o  under taken  under  n a t u r a l  r a i n f a l l  c o n d i t i o n s  i n  similar p l o t s .  

C o l l e c t i o n  and measurement of  runnof  d a s  made w i t h  HS-FLUME t y p e  
c o l l e c t o r s ,  equipped w i t h  a  wa te r  l e v e l  r e c o r d e r  i n  t h e  c a s e  of  r a i n -  

* S o i l  S c i e n t i s t s , S o i l  and Water Conserva t ion  Program. Fund.?cac I n z i -  
t u t o  Agronomic0 do P a r a n a  - IAPAR. Ca ixa  P o s t a l  1331. CEP 86.iS0 
i o n d r i n a ,  Paran;, B r a z i l .  



f a l l  s i m u l a t o r s .  Under n a t u r a l  r a i n f a l l  c o n c i t i o n s ,  c o l l e c t i n g  t a n k s  
were used w i t h  GEIB d i v i s i o n s .  

The e v a l u a t i o n  of e r o s i o n  u s i n g  r a i n f a l l  s i m u l a t o r s  was based on 
t h e  f o l l o w i n g  r a i n  p a t t e r n :  

st nd 
1- r a i n  - 65 m / h  d u r i n g  6 0 ' ;  2- r a i n  - 65 mm/h d u r i n g  30' ;18-24 

hours  a f t e r  t h e  f i r s t ;  3 r d  r a i n  - 130 mm/h d u r i n g  1 8 ' ;  15-30 m i n u t e s  
a f t e r  t h e  second. 

The t r e a t m e n t s  under s i m u l a t e d  r a i n f a l l  were: a )  b a r e  s o i l  of d i f -  
f e r e n t  t y p e s ;  b l  4  d i f f e r e n t  growth p e r i o d s  o f  t h e  f o l l o w i n g  c r o p s :  
wheat, soybean. c o r n c o t t o n ,  c o f f e e  and f o r a g e ;  c l  d i f f e r e n t  s o i l  t i l -  
l a g e  systems.  

The t r e a t m e n t s  u n d e r  n a t u r a l  r a i n f a l l  c o n d i t i o n s  were: a1 b a r e  s o i l  
o f  two s l o p e  l e n g t h s ;  b l  wheat and soybean c r o p s  i n  c o n v e n t i o n a l  til- 
l a g e  and n o - t i l l a g e ;  c )  c o f f e e  c m p ;  d l  forage.Except  f o r  t r e a t f i ~ ~ r l t  C'  

[which was conducted i n  a  c a t t l e  r e g i o n ] ,  a l l  were  conducted i n  d i f -  
f e r e n t  s o i l  t y p e s .  

These s o i l s  i n c l u d e :  D i s t r o p h i c  Red Latoso1,clay-LRd [Hophor- 
t a x ) ;  D i s t r o p h i c  Red L a t o s o l ,  clay-LVEd [Haplohumoxl; D i s t r o p h i c  Dark 
Red L a t o s o l ,  sandy loam-LEd ( H a p l o r t o x l ;  Red Yellow Podzol ,  sandy loam 
-PVA (Apludu l t  I .  

RESULTS AND DISCUSSION 

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

P r e l i m i n a r y  d a t a  from 1976,  i n d i c a t e s  annua l  EI3O v a l u e s  v a r y i n g  
from 705 t o  1.699 i n  4 d i f f e r e n t  l o c a t i o n s  i n  t h e  S t a t e .  R a i n f a l l  f i -  
g u r e s  v a r y  from 1.330 t o  1.854 mn/year. F o r  t h e s e  4  l o c a t i o n s ,  t h e  
h i g h e r  monthly E130 v a l u e s  a r e  c o n c e n t r a t e d  i n  October ,  and accoun t  
f o r  more than  20% of t h e  a n n u a l  v a l u e s .  It  i s  n e c e s s a r y  t o  p o i n t  o u t  
t h a t  d u r i n g  Oc tober ,  most s o i l  p r e q a r a t i o n  and movetrent i s  c a r r i e d  o u t  
i n  p r e p a r a t i o n  f o r  t h e  p l a n t i n g  of sumrrer c r o p s  such  a s  soybeans ,corn .  
c o t t o n ,  r i c e ,  e t c . ,  and t h e  s o i l  i s l e f t  u n p r o t e c t e d ,  d e s a g r e g a t e d  and 
more s u s c e p t i b l e  t o  e r o s i o n .  

S o i l  e r o d i b i l i t y  - 
T a b l e  1 shows e r o d i b i l i t y  v a l u e s  f o r  d i f f e r e n t  s o i l  t y p e s  i n  P a r a -  

n a ,  which were o b t a i n e d  w i t h  s imula ted  and n a t u r a l  r a i n f a l l .  
A high d e g r e e  of  s i m i l a r i t y  can b e  observed between e r o d i b i l i t y  

v a l u e s  f o r  both  methods,  showing t h a t  t h e  use  of  r a i n f a l l  s i m u l a t o r s  
i s  r e l i a b l e  f o r  such s t u d i e s .  

Comparing t h e  e r o d i b i l i t y  v a l u e s  o b t a i n e d  on t h e  same s o i l  t y p e ,  a  
h i g h e r  e r o s i o n  s u s c e p t i b i l i t y  can  be observed on t h o s e  t h a t  have been 
c u l t i v a t e d  more y e a r s  w i t h  annua l  c r o 9 s .  T h i s  i n d i c a t e s  h i g h e r  p h y s i -  
c a l ,  chemical  and m i c r o b i c l c g i c a l  d e g r a d a t i o n  of s o i l s ,  when t h e y  a r e  
i n t e n s i v e l y  c u l t i v a t e d .  Among t h e  s o i l  t y p e s  s t u d i e d ,  HAPLORTOX-sandy 
loam showed l e s s  s u s c e p t i b i l i t y  t o  e r o s i o n .  

Tab le  1: P r e l i m i n a r y  e r o d i b i l i t y  i n d e x e s  f o r  some s o i l s  o f  Paran;, de-  
t e rmined  w i t h  n a t u r a l  and s i m u l a t e d  r a i n f a l l .  

S o i l  t y p e  N a t u r a l  S i m u l a t e d  
R a i n f a l l  R a i n f a l l  

Red L a t o s o l  - s h o r t  t e r m  use  

Red L a t o s o l  : long  t e r m  use  

Oark Red L a t o s o l ,  c l a y  

Oark Red L a t o s o l ,  sandy loam 



S o i l  use  an3 Management --- 
Data i n  Table  2  shows t h e  s o i l  l o s s  r e l a t i o n s h i p  between d i f f e r e n t  

t i l l a g e  methods. 

Tab le  2: S o i l  l o s s e s  from double  c r o p p i n g  (soybean-wheat1 under  n a t u -  
r a l  r a i n f a l l  c o n d i t i o n s  on t h r e e  s o i l  t y p e s  i n  Paran;. 

Crop/Soi l  S o i l  Type/Oifferent  Local  Tot a? % 
t i l l a g e  B.V.Paraiso C.Nourao'P. Grossa  l o s s  l o s s  

PVA LRd LVEd 
------------ kg/ha - ----------------- --- 

Soybean (summer) 
Bare s o i l  12.699 2.941 20.746 36.386 100 
Convent ional  T i l l a g e  1.991 720 3.346 6.057 16.6 
N o - t i l l a g e  89 647 24 0  97 6  2.7 

Wheat ( w i n t e r )  - 
Bare s o i l  1.533 2.003 14.768 18.304 100 
Convent ional  T i l l a g e  385 1.576 998 2.959 1S,2 
N o - t i l l a g e  0.0 1.220 380 1 .600  S. 7 

S o y b e a d w h e a t  
Rare s o i l  14.231 4.944 35.514 54.689 100 
Convent ional  T i l l a g e  2.376 2.295 4 .344 9.016 16,  5 
N o - t i l l a g e  89 1 .867 620 2.576 4 ,7  

Heavy l o s s e s  o c c u r  under  b a r e  s o i l  c o n d i t i o n s .  Under c o n v e n t i o n a l  
t i l l a g e  s o i l  l o s s e s  d e c r e a s e d  t o  16,5%,  and t o  l e s s  t h a n  5% under  t h e  
n o - t i l l a g e  system. 

Under b a r e  s o i l ,  g r e a t e r  l o s s e s  o c c u r  i n  summer t h a n  i n  w i n t e r . T h i s  
i s  a s s o c i a t e d  w i t h  t h e  h ighen r a i n f a l l  d u r i n g  t h e  summer months. 

Tab le  3  shows t h a t  s o i l  l o s s e s  i n c r e a s e  accord ing  t o  t h e  amount of 
s o i l  t i l l a g e  w h i l s t  wi th  n o - t i l l a g e  l o s s e s  s u b s t a n t i a l l y  r e d u c s j  . 
Table  3: P e r c e n t a g e  o f  s o i l  and wa te r  l o s s e s  i n  two s o i l s  of P a r a n i ,  

s u b j e c t e d  t o  d i f f e r e n t  s o i l  t i l l a g e  sys tems,  u s i n g  r a i n f a l l  
s i m u l a t o r s .  

S o i l  t i l l a g e  system Dark Red Red L a t o s o l ,  
[performed up and down s l o p e )  L a t o s o 1 , c l a y  c l a y  

S o i l  Water S o i l  Water 

1. One p lough ing  + 4  l i g h t  d i s c  ha rmwings  100 1 0 0  - - 
2. One heavy d i s c  harrowing + 2 l i g h t  

p lough ing  d i s c  harrowings  75 162 1 0 0  100  
3. One c h i s e l  p lough ing  + 2  l i g h t  d i s c  

harrowi ngs 52 143  - - 
4. 4 l i g h t  d i s c  ha r rowings  37 4 8  - - 
5. 2  l i g h t  harrow d i s c  harrowings  2  7  57 - - 
6. One p lough ing  + 2  l i g h t  d i s c  ha r rowings  

( c o n v e n t i o n a l )  2 3  9 0  26 3 2 
7 .  One p lough ing  1 3  38 - - 
8 .  N o - t i l l a g e *  5  9  5  1 C e  

* 
crop r e s i d u e s  l e f t  t h e  su r face ;  f o r  a l l  t h e  o t ,he r  t r e a t m e n t s  t h e  
c r o p  r e s i d u e s  were removed. 

Tab le  4  shows s o i l  l o s s e s  f o r  d i f f e r e n t  annua l  c r o p s  a t  ~L;Z:- g;-ot.fl:'. 
s t a g e s .  

Higher  t o t a l  l o s s e s  o c c u r  i n  c o t t o n ,  fo l lowed t!, sn:,3ei: ;  PI: , : :  .:L.:~ 

wheat.  I n  t h e  c o t t o n  c rop  which d o e s  no t  complete1.y c l o s e  d-;i !scs ?r:;- 
t e c t  t h e  s o i l ,  l o s s e s  c o n t i n u e d  t o  o c c u r  d u r i n g  t h e  l a t t e r  growth 



s t a g e s .  I n  t h e  c a s e  of suybeans  most l o s s e s  occured d u r i n g  t h e  f i rst  
growth s t a g e  and d e c r e a s e d  i n  t h e  s t a g e s ,  due t o  i t s  p m t e c t i v e  l e a f  
cannopy w h i l s t  wheat c o n t i n u e s  t o  have s i g n i f i c a n t  l o s s e s  i n  t h e  s e -  
cond growth s t a g e .  

Corn p rov ided  t h e  b e s t  s o i l  p r o t e c t i o n  of a l l .  
Tab le  4: P e r c e n t a g e  of s o i l  l o s s e s  from d i f f e r e n t  annual  c r o p s  a t  f o u r  

growth s t a g e s ,  i n  Red L a t o s o l  w i t h  a  8% s l o p e ,  u s i n g  t h e  r a i n -  
f a l l  s i m u l a t o r . .  

Crop Growth S t a g e s  T o t a l  
Crop* I I1 I11 I V  

1. Bare s o i l  
2. Cot ton 
3. Soybean 
4. Wheat 
5. Corn 
-. 

I - sowing t o  30  days;  I1 - 30 t o  60 days;  I11 - 60 t o  90 days;  
I V  - a f t e r  h a r v e s t .  
* Conven t iona l  t i l l a g e  up and down t h e  s l o p e .  

Tab le  5  shows s o i l  l o s s e s  i n  c o f f e e  under  d i f f e r e n t  management s y s -  
tems.  Up t o  t h e  3rd y e a r ,  l o s s e s  i n  a  c rop  p l a n t e d  up and down t h e  
s l o p e  Lere 39% l e s s  t h a n  on ba re  s o i l .  I n  c o f f e e  p l a n t e d  on t h e  con- 
t o u r ,  l o s s e s  were 63% l e s s .  I n  bo th  t h e s e  c a s e s  i n t e r - r o w  c u l t i v a -  
t i o n s  were c a r r i e d  ou t  w i t h  d i s c  harrows. On t h e  o t h e r  hand, where 
l i v i n g  p l a n t  c o v e r  was l e f t  between t h e  rows o r ,  t h r o u g h  t h e  use  o f  
c o n t a c t  h e r b i c i d e s  a  dead mulch, l o s s e s  here most e f f e c t i v e t y  c o n t r o l -  
l e d .  

It i s  a l s o  obvious  t h a t  s p a c i n g  i n f l u e n c e  t h e  s u s c e p t i b i l i t y  of a  
c rop  t o  e r o s i o n .  Where t h e  crop was p l a n t e d  a t  4x1 m s p a c i n g  t h e s e  was 
s i g n i f i c a n t l y  l e s s  e r o s i o n  t h a n  i n  a  crop p l a n t e d  a t  4x2 m. 

Tab le  5: P e r c e n t a g e  o f  s o i l  l o s s e s ,  from c o f f e e  p l a n t a t i o n s  u n d e r  d i f -  
f e r e n t  management system, i n  Red L a t o s o l  wi th  a  6% s i o p e ,  
u s i n g  t h e  r a i n f a l l  s i m u l a t o r .  

C u l t i v a t e  Systems Crop Age Month T o t a l  of  
4  14 24 34* 34** p e r i o d  

1. Bare s o i l  100 100  100  100 100  100  
2. Coffee  up and down s l o p e  4x2m 38 94 29 47 67 6  1 
3. Coffee on c o n t o u r  d i s k  c u l t i  - 

v a t i o n s  4x2m 5  2  8 0  21  1 7  34 37 
4. Co$fee on c o n t o u r d i s k  c u l t i -  

v a t i o n s  4x1 m 35 64 18 5  36 27 
5 .  Cof fee  on c o n t o u r  H e r b i c i d e s  

u s e  4x2 m 16 2  1 0 ,4  1 9  6  
6. Coffee on c o n t o u r  r o t a r y  mower 

4x2 m - - 1 - - - 
- 

* Vege tab le  r e s i d u e s  heaped up f o r  t h e  c o f f e e  h a r v e s t  
** Vege tab le  r e s i d u e s  sp read  a f t e r  h a r v e s t  

Tab le  6  shows t o t a l  s o i l  and water  l o s s e s  i n  a  3 y e a r  o l d  c o f f e e  
p l a n t a t i o n  on b a r e  s o i l  f o r  two d i f f e r e n t  s l o p e  l e n g t h s :  11 and 22 
mete r s .  Cof fee  p l a n t e d  up and down t h e  s l o p e  when compared t o  b a r e  
s o i l ,  showed a  r e d u c t i o n  i n  l o s s e s  of 23,552. Comparing both  s l o p e  
l e n g t h s  on ba re  s o i l ,  t h e r e  was a  s o i l  l o s s  r a t i o  o f  1 :1 ,41.  T h e  ava- 
r a g e  annua l  l o s s  o f  Red L a t o s o l  on a  6% s l o p e  o f  11 and 22 m l e n g t h  
was 1 1 0  and 155 t / h a  r e s p e c t i v e l y .  

Under t h e s e  same c o n d i t i o n s  b u t  wi th  a  s l o p e  l e n g t h  o f  44 m, annual  



s o i l  l o s s e s  can r e a c h  657 t / h a .  

T a b l e  6: S o i l  l o s s e s  i n  3  y e a r  o l d  c o f f e e ,  on a  Red L a t o s o l  of 6% 
s l o p e .  under  n a t u r a l  r a i n f a l l  c o n d i t i o n s .  

Year  T o t a l  
Treatment  1976 1977 1978 o f  3  y e a r s  

% 

1. Bare  s o i l  
[ p l o t  s i z e  22x3,5ml 162.6 l53 ,O 150,6 466,2 14:,3 

2 .  Bare s o i l  
[ p l o t  s i z e  l lx3 ,Sm) 105.5 115.0 1 0 9 , 3  329 , s  100 

3. Cof fee  up and down s l o p e  
4x2m s p a c i n g  [ p l o t  s i z e  
11x3.5mI 83,O 93,3  76.0 252,3  76.5 

GENERAL CONCLUSIONS 

The r e s u l t s  here  d i s c u s s e d  r e f e r  t o  a  r e l a t i v e l y  s h o r t  p e r i o d  of 
r e s e a r c h ,  o f  no more t h a n  t h r e e  y e a r s .  For  t h i s  r e a s o n ,  i n f o r m a t i o n  
o b t a i n e d  canno t  be r ega rded  ss cor i c lus ive  . i~i,b!ei:r,it d o e s  g i v e  u s  a  
c l e a r  i n d i c a t i o n  of t h e  e f f e c t s  o f  e r o s i o n  u n d e r  p r e s e n t  c o n d i t i o n s  
i n  Pa rang  and l e a d s  u s  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  

1. S o i l  e r o s i o n  i n  t h e  S t a t e  of  P a r a n a  i s  r e a c h i n g  c r i t i c a l  l e v e l s  cn 
c u l t i v a t e d  l and  where i n a d e q u a t e  t i l l a g e  and management p r a c t i c e s  
a r e  employed. 

2. L o s s e s  c a u s e d  by e r o s i o n ,  a r e  d i r e c t l y  r e l a t . e d  t o  ' t h e  m o u n t  of 
s o i l  movement and cover .  

3. S o i l s  u n d e r  a n n u a l  c r o p s  a r e  most s u s c e p t i b l e  t o  e r o s i o n  i n  t h e  
f i rs t  s t a g e s  o f  development and t h i s  c o i n c i d e s  wi th  t h e  p e r i o d  wher! 
r a i n f a l l  i s  a t  i t s  h i g h e r  e r o s i v i t y  p o t e n t i a l ;  

4. E r o s i o n  i n  annual  c r o p s  i s  g r e a t y  i n f l u e n c e d  by t h e  v e g e t a t i v e  
c h a r a c t e r i s t i c s  of t h e  c rop  and by c u l t u r a l  p r a c t i c e s ,  

5. S o i l  e r o d i b i l i t y  v a r i e s  a c c o r d i n g  t o  s o i l  t y p e  and p r e v i o u s  l and  
use  and management. 

6. The use  of  r a i n f a l l  s i m u l a t o r s  has  shown t o  be of g r e a t  v a l u e  i n  
p r o v i d i n g  i n  a  r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e ,  compara t ive  d a t a  
r e l a t i n g  t o  e r o s i o n  on s o i l s ,  c r o p s  and t i l l a g e  p r a c t i c e s .  

7. Resea rch  r e s u l t s  shown i n  t h i s  p a p e r ,  a l t h o u g h  p r e l i m i n a r y ,  have 
been u s e d  a s  a  b a s i s  f o r  recommending methods of e r o s i o n  c o n t r o l  
and s o i l  c o n s e r v a t i o n ,  and t o  c a l l  t h e  a t t e n t i o n  o f  t h e  p u b l i c  t o  
t h e  n e c e s s i t y  f o r  s o i l  c o n s e r v a t i o n  i n  o r d e r  t o  m a i n t a i n  t h e  p ro -  
d u c t i v i t y  of a g r i c u l t u r a l  l a n d .  

8 .  E x p e r i e n c e  i n  o b t a i n i n g  t h e  p r e s e n t  r e s u l t s ,  shows a  need t o  s t u d y  
e r o s i o n  on l a r g e r  e x p e r i m e n t a l  u n i t s ,  [macro p l o t s  o r  micro  wa te r -  
s h e d s ) ,  u s i n g  d i f f e r e n t  c r o p p i n g  and management sys tems.  





STUDIES ON THE SUSCEPTIBILITY OF SOILS TO EROSION 
A N D  ON SOIL PROTECTION METHODS I N  PARANA/BRAZIL. 

by B-KEMPER and R.DERPSCH 

SUMMARY 

On L a t o s o l s  [ L R )  and A l f i s o l s  ( T e r r a  Roxa T R )  i n  t h e  n o r t h  of P a r a n i ,  
u n l i k e  p o d s o l i c  s o i l s  o f  t h e  same r e g i o n ,  s o i l  compaction h a s  been  
found i n  t h e  lower  p a r t  of Ap-horizon due t o  t h e  f a c t  t h a t  t i l l a g e  
p r a c t i c e s  have d e s t r o y e d  t h e  h igh  n a t u r a l  p o r o s i t y  of t h e s e  s o i l s .  
T h i s  compaction impedes w a t e r  i n f i l t r a t i o n ,  i n  t h e s e  o t h e r w i s e  ve ry  
permeable  s o i l s  and ,a l though  it can be removed f o r  a  s h o r t  p e r i o d  
t h r o u g h  new t i l l a g e  o p e r a t i o n s ,  i t  w i l l  e v e n t u a l l y  a p p e a r  a g a i n  a f t e r  
s o i l  h a s  s e t t l e d  down s u f f i c i e n t l y .  

I n  o r d e r  t o  a c h i e v e  e f f i c i e n t  e r o s i o n  c o n t r o l  on t h e s e  s o i l  t y p e s ,  i t  
i s  n e c e s s a r y  t o  i n c r e a s e  p e r m e a b i l i t y  and w a t e r  i n f i l t r a t i o n  r a t e s .  
I n f i l t r a t i o n  s t u d i e s  made under  d i f f e r e n t  c o v e r  c r o p s .  showed i n c r e a -  
s e s  of up t o  416% on LR and of up t o  629% on TR,when compared t o  
t h o s e  under  a  wheat c rop .  The c o v e r  c r o p s  r e s u l t e d  i n  a  much more 
f r i a b l e  s o i l  b e c a u s e  of t h e  b i o l o g i c a l  l o o s e n i n g  e f f e c t  c r e a t e d  by 
t h e  r o o t  sys tem.  

Another  p o s s i b i l i t y  f o r  e f f i c i e n t  e r o s i o n  c o n t r o l  h a s  shown t o  be t h e  
use  of  t h e  n o - t i l l a g e  t echn ique .Average  wheat y i e l d s  t a k e n  from two 
l o c a t i o n s  were 37% h i g h e r  t h a n  i n  c o n v e n t i o n a l  t i l l a g e .  The h i g h e r  
m o i s t u r e  c o n t e n t ,  lower  s o i l  t e m p e r a t u r e ,  e s p e c i a l l y  a t  p l a n t i n g  t i m e .  
and h i g h e r  b i o l o g i c a l  a c t i v i t y  of t h e  s o i l  under  n o - t i l l a g e  a r e  f e l t  
t o  b e  t h e  most i m p o r t a n t  f a c t o r s  a f f e c t i n g  wheat y i e l d s .  So$ean 
y i e l d s  on L R  e r e  c o n s i s t e n t l y  h i g h e r  i n  n o - t i l l a g e  t h a n  i n  conven- 
t i o n a l  t i l l a g e  due t o  t h e  b e t t e r  m o i s t u r e  r e t e n t i o n  under  mulch cove- 
red p l o t s  a t  p l a n t i n g  t ime .  On TR soybean y i e l d s  were s l i g h t l y  h i g h e r  
under  n o - t i l l a g e  compared t o  c o n v e n t i o n a l  t i l l a g e  b u t  b o t h  sys tems  
produced more t h a n  3000 kg/ha. 

These  a r e  t h e  p r e l i m i n a r y  results from r e s e a r c h  work s t a r t e d  i n  1977. 

INTROOUCTION 

While v i r g l n  f o r e s t  d e v a s t a t i o n  i n  t h e  l a s t  d e c a d e s  has reduced t h e  
t r e e  c o v e r  of  t h e  s t a t e  of P a r a n i  from o r i g i n a l l y  84% t o  l e s s  t h a n  
9%,  mechanised l a r g e  s c a l e  farming o f  wheat has i n c r e a s e d  from 97. 000 
ha i n  1968 t o  1.3 m i l l i o n  ha i n  1978,  and of s o y b e a n s  from 214.000 ha 
i n  1969 t o  2 , 5  m i l l i o n  ha i n  1979.  More t h a n  6  m i l l i o n  ha a r e  now 
p l a n t e d  w i t h  annual  c r o p s  each  y e a r .  

High r a i n f a l l  i n t e n s i t y  of a s  much a s  8 0  mrn i n  30 minu tes ,  t o g e t h e r  
wi th  e x c e s s i v e  s o i l  t i l l a g e  i n  a  doub le  c r o p p i n g  sys tem,  have l e d  t o  
s e r i o u s  e r o s i o n  a l l  o v e r  t h e  s t a t e .  

E r o s i o n  s t u d i e s  and e x t r a p o l a t i o n s  a t  IAPAR based on a  6% s l o p e  have 
shown t h a t  when t i l l a g e  i s  performed up and dcwn t h e  s l o p e ,  e r o s i o n  
l o s s e s  can b e  a s  h i g h  a s  700 t / h a / y e a r .  When t i l l a g e  o p e r a t i o n s  a r e  
performed on t h e  coun tour ,  l o s s e s  can be up t o  400 t / h a / y e a r ,  w h i l s t ,  
1.1 he re  t h e  corn5 i n a t i o n  of t e r r a c e s  [ c o u n t o u r  d i k e s l a n d  good t l l l a g e  
p r a c t i c e s  a r e  used ,  e r o s i o n  l o s s e s  can b e  reduced t o  97 t / h a / y e a r .  
( 1 . 8 ) .  T h i s  s3ows a  r e l a t i v e  e f f i c i e n c y  of t e r r a c e s  i n  r educ ing  s o i l  

e r o s i o n ,  bu t  s o i l  l o s s e s  a r e  still  t o o  high t o  m a i n t a i n  s o i l  f e r t i l i -  

*Dr .  B.KEflPER. F e d e r a l  I n s t i t u t e  f o r  Geosciences  and N a t u r a l  R e s o u r  
c e s ,  Hannover, Germany and R .  OERPSCH, German Agency f o r  T e c n l c a l  
Coopera t ion ,  Ltda  [GTZ), Eschborn,  Germany, working a t  P r o g r a ~ i !  
Manejo e  C o n s e r v a ~ i o  de S o l o s ,  Fundaqao I n s t i t u t o  Agron6rnlco do 
Paran;  - IAPAR - Londrina ,  B r a z i l .  



t y  and make pernianent l a n d  use p o s s i b l e .  
For  t h e s e  r e a s o n s  a  p r o j e c t  was i n i t i a t e d  i n  1977 between IAPAR and 
GTZ, t h e  main o b j e t i v e s  of  which were t o  s t u d y  and develop s e e d i n g  and 
t i l l a g e  p r a c t i c e s  which reduce  r a i n d r o p  impact on t h e  s o i l  s u r f a c e .  
i n c r e a s e  w a t e r  i n f i l t r a t i o n ,  d e c r e a s e  runof f  v e l o c i t y  and s o i l  d e t a -  
c h a b i l i t y ,  i n  o r d e r  t o  a c h i e v e  e f f e c t i v e  e r o s i o n  c o n t r o l .  (11,121.  

P r o j e c t  a c t i v i t i e s  a r e  c o n c e n t r a t e d  mainly i n  t h e  nor thwes te rn  and 
g r e a t e r  p a r t  of  s t a t e ,  were  2 /3  of t h e  s o i l s  a r e  d e r i v e d  from b a s a l t  
deve lop ing  i n t o  red  l a t o s o l s  [LR) and t h e  famous " t e r r a  roxa  e s t r u t u -  
r ada"  [TRI. S i n c e  t h e s e  s o i l s  a r e  very deep ,  have very good p h y s i c a l  
p r o p e r t i e s  and were  f o r m e r l y  used mainly  w i t h  permanent c r o p s  s u c h  a s  
c o f f e e ,  i t  took many y e a r s  u n t i l  damage due  t o  s h e e t  e r o s i o n  r e f l e c -  
t e d  on y i e l d s ,  d e s p i t e  h i g h e r  f e r t i l i z e r  i n p u t s .  

With t h e  i n t r o d u c t i o n  o f  double  c r o p p i n g  wheat and soybeans .  when t h e  
s o i l  is  p repared  t w i c e  a  y e a r ,  e r o s i o n  was d r a s t i c a l l y  a c c e l e r a t e d .  
P,dopted s o i l  t i l l a g e  sys tems ,  u s i n g  d i s c e d  implements which do n o t  
l e a v e  c rop  r e s i d u e s  on t h e  s u r f a c e ,  and t h e  wide  use  of  pre-emergence 
? e r b i c i d e s  t h a t  r e q u i r e  i n c o r p o r a t i o n  i n  a  ve ry  f i n e l y  g r a n u l a t e d  
s o i l  d u r i n g  p e r i o d s  of heavy r a i n f a l l s ,  a r e  t h e  main f a c t o r e s  affec- 
t i n g  s o i l  e r o s i o n  on farm land  i n  Paran;. 

!?ATERIALS AND METHODS 
f x p e r i m e n t s  were  s t a r t e d  a t  t h e  end o f  1977 and the p r e l i m i n a r y  r e s u l t s  
sre shown i n  t h i s  p r e s e n t a t i o n .  Work was d i r e c t e d  mainly t c w a r d s  t h e  
f o l l o w i n g  f i e l d s :  
1 .  S e l e c t i o n  and e v a l u a t i o n  of  d i f f e r e n t  p l a n t  s p e c i e s  t o  p r o t e c t  t h e  

s o i l  ( c o v e r  c r o p s ) .  
2 .  Evalua-cion o f  t h e  b e s t  of t h e s e  c o v e r  c r o p s  i n  t h e  n o - t i l l a g e  s y s -  

tem. 
3.  Development of soybean-wheat r o t a t i o n s  i n c l u d i n g  c o v e r  c r o p s ,  i n  

c o n v e n t i o n a l ,  minimum and n o - t i l l a g e .  
Up t o  t h e  p r e s e n t  time, t h r e e  e x p e r i m e n t s ,  one i n i t i a t e d  i n  1977 and 
t:do i n  1978. have been l a i d  down t o  e v a l u a t e  more t h a n  50 p l a n t  spe -  
c i e s  i n c l u d i n g  a l s o  some t r o p i c a l  and European v a r i e t i e s  of t h e s e  
same s p e c i e s .  The f o l l o w i n g  s e l e c t i o n  c r i t e r i a  was u s e d : c l i m a t i c  adap- 
t a t i o n ,  t ime  from p l a n t i n g  t o  80% s o i l  c o v e r ,  h e i g h t ,  weed s u p r e s s i o n ,  
r e s i s t a n c e  t o  d i s e a s e s  and p e s t s ,  t i m e  f rom p l a n t i n g  t o  f l m e r i n g ,  a s  
w e l l  a s  p r o d u c t i o n  of  g r e e n  and d ry  m a t t e r  p e r  u n i t  a r e a .  From t h i s  
t r i a l  8  c o v e r  c r o p s  were s e l e c t e d  and p l a n t e d  i n  w i n t e r  a f t e r  soybeans,  
and i n  s p r i n g  a f t e r  wheat ,  on p l o t s  of  320 t o  400 m2 i n  t h e  two main 
s o i l  t y p e s .  These were Lupinus l u t e u s ,  V i c i a  v i l l o s a , P h a c e l i a  t a n a c e t i -  
f o l i a ,  S i n a p i s  a l b a . B r a s s i c a  carnpestr is /chinensis ,Brassica napus L.  
( f o r  fodder1  and B r a s s i o a  napus L .  ( o i l s e e d  r a p e ) .  L a t e r  r e s u l t s  sho- 

wed t h a t  Raphanus s a t i v u s  and B r a s s i c a  j u n c e a  adap ted  ve ry  w e l l  t o  l o -  
c a l  c o n d i t i o n s  and t h e s e  w i l l  be used on b i g g e r  p l o t s  next  season.Con- 
t r a r y  t o  e x p e c t a t i o n s ,  a l l  o f  t h e  s e l e c t e d  c r o p s  a r e  t o  o u r  knowledge 
unknown i n  Paran;  and a r e  i n  f a c t  traditional c o v e r  c r o p s  used  i n  Eu- 
rope .  None of t h e  t r o p i c a l  s p e c i e s  t e s t e d  developed w e l l  i n  t h e  c o l d e r  
season of t h e  y e a r ,  some of them being d e s t r o y e d  by f r o s t .  I n  t h e  
t h i r d  exoer iment  f o u r  r o t a t i o n s  w i t h  sovbeans  were comoared i n  t h r e e  
d i f f e r e n t  t i l l a g e  sys tems :ccnven t iona l  t i l l a g e  ( d i s c  plow and two d i s -  
k i n g s ) ,  minimum t i l l a g e  [ c h i s e l  plow w i t h  pack ing  r i n g s  and cage  r o l -  
l e r )  and n o - t i l l a g e  u s i n g  a  r o t a r y  hoe d r i l l ,  which c u t s  s l o t s  i n  t h e  
ground,  1 t o  2  i n c h e s  w i d e .  - 
I n  o r d e r  t o  d e t e r m i n e  r e l e v a n t  e r o s i o n  p a r a m e t e r s  i n  l o c a l  s o i l s ,  it 
was necessa ry  t o  i n s t a l l  l a b o r a t o r y  f a c i l i t i e s  f o r  s o i l  p h y s i c a l  a n a  
l i s e s  and t o  i n t r o d u c e  a p r o p r i a t e  e q u i p m m t  f o r  f i e l d  measurements.  
Main emphasis was g iven  t o  t h e  fol1,owing s o i l  c h a r a c t e r i s t i c s :  I n f i l -  
t r a t i o n  r a t e  ( H a i s e l ,  m o i s t u r e  c o n t e n t  [ n e u t r o n  m o i s t u r e  p r o b e ) .  pore  
d i s t r i b u t i o n , w a t e r  r e t e n t i o n  curves  [ R i c h a r d s ] ,  bu lk  d e n s i t y ,  and p e r  



c:ieabi l i t ~ y  of und i s tu rbed  samples  (Har t i t e l .  The measurement c c : : : : . . : :  

a )  t o  o b t a i n  d a t a  on t h e  e f f e c t s  o f  t i l l a g e  t r e a t m e n t s ,  r o t a J i i o n a 1  
tems and c o v e r  c r o p s  on s o i l  p h y s i c a l  p a r a m e t e r s ,  and b l  f o r  e r o s i o n  
hazard  c l a s s i f i c a t i o n  a s  a  b a s i s  f o r  e r o s i o n  s u s c e p t i b i l i t y  maps re- 
l a t i n g  t o  t h e  i m p o r t a n t  s o i l s  o f  Paran;. 

T R I A L  SITE CHARACTERISTICS 

Both s i t e s  have t h e  same h i s t o r y  iJhich i s  t y p i c 2 1  of n o r t h s r n  ?a rana .  
They were c l e a r e d  from v i r g i n  f o r e s t  some 40 y e a r s  ago,  t h e n  p l a n t e d  
w i t h  c o f f e e  and o n l y  changed i n t o  double  c r o p p i n g  i n  t h e  l a s t  2 y e a r s  
(TR) and 4 y e a r s  ( L R I .  TR and LR a r e  due t o  t h e i r  t o p o g r a p h i c  p o s i -  
t i o n  i n  t h e  l a n d s c a p e  t h e  on ly  s o i l  t y p e s  developed from b a s a i t i c  
p a r e n t  m a t e r i a l  which a r e  s u i t a b l e  f o r  annual  c r o p s .  [5,61.60i;i~ s o i l s  
a r e  very deep and o r i g i n a l l y  d i d  no t  impede r o o t  growth.  LR i s  found 
on p l a t e a u s  and i s  o l d e r  t h a n  T R  which i s  found  on s l o p e s .  LR d o e s n o t  
c o n t a i n  w e a t h e r a b l e  m i n e r a l s  and i s  v e r y  low i n  e x c h a n e g d i l e  c a t i o n s .  
The c l a y  a c t i v i t y  i s  ex t remely  low, which l e a d s  t o  a  m i s s i n g  s t ruc t i i l+ ;  
a l t h o u g h  t h e  s o i l  i s  v e r y  p o r o u s  ( c o f f e e  powder) .  TR on t h e  o t h e r  
hand, has  a  h i g h e r  base s a t u r a t i o n  and c l a y  a c t i v i t y  and a  s t r o n g  b l o .  
cky s t r u c t u r e . T h i s  i s  o b v i o u s l y  t h e  reason  f o r  i t s  h i g h e r  p e r m e a b i l i t y  
and i n f i l t r a t i o n  r a t e s .  Both s o i l s  have about  t h e  same h i g h  c l a y  con- 
t e n t ,  but t h e y  do n o t  p r e s e n t  t h e  t i l l a g e  problems t h a t  s o i l s  from 
n o r t h e r n  l a t i t u d e s  w i t h  such  c l a y  c o n t e n t s  would. Very few hours  of 
s u n s h i n e  a f t e r  a heavy r a i n  a r e  s u f f i c i e n t  t o  a l l o w  t i l l a g e  w i t h o u t  
damaging t h e  s o i l .  The c l a y  d o e s  not  d i s p e r s e  i n  water ,  bu t  b e c a u s e  
of i t s  h igh  c o n t e n t  of amorphous i r o n  s t a y s  s t a b l e  i n  w a t e r  i n  t h e  
form o f  l i t t l e  s o f t  i r o n  c o n c r e t i o n s .  

TABLE 1 - l i i IhL SITE CWIRAClERI3lICS 

ROLLWIA Pareat m r e r i a i :  s lapc:  82 mean snunl 
s o i l  cyp: ~ e r m  ~ u x r  Ertiu:_u b - c l r  m i n f n l l :  

radr (TR) isoa- mm 
Rhodic Paleiadnlt 

C E C  ' 

llori- Dapzh ,- nc 

ry cap=- 

AP, 0-8 6.1 18.9 15 72 1 . 9  69. 17 0.93 33 . 6271 256 
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UTOSOL ROXO D I S I R S F I C O  (m) bmalr 

Typic IlaplorLhoX 

SOIL COMPACTION 
I n  o r d e r  t o  a c h i e v e  e f f i c i e n t  e r o s i o n  c o n t r o l  on t h e  s t u d i e s  sn:lr-. 
i t  i s  n e c e s s a r y  t o  i n c r e a s e  p e r m e a b i l i t y  and i n f i l t r a t i o n  r a t e s .  ??:? : 

,.,cer - surements  have shown t h a t  t h e r e  i s  a  s t r o n g  r e l a t i o n s h i p  b e  t..... 
m e a b i l i t y  and bulh d e n s i t y ,  o r  p e r m a b i l i t y  and macroporqs. 7r.c 1 -  
g u r e  below shows t h e  p o r e  d i s t r i b u t i o n  of  r e p r e s e n t a t i v e  sl?;ls i7 



t h e  n o r t h w e s t  o f  i '--,, : The s3i i j  of Ro la r i i i a  and Londr ind = r e  c e r l -  
ved from b a s a l t ,  w h i l s t  t h e  s o i l s  of  P a r a n a v a i  o r i g i n a t e d  from e o l i e n  
d e p o s i t s .  I t  i s  n o t i c i a b l e  t h a t  a l l  l a t o s o l s  have a  n a t u r a l l y  very  
high p e r c e n t a g e  of macropores  ( 2 0  t o  30%)  and a l s o  have a  v e r y  homo- 
geneous  s t r u c t u r e  t h r o u g h o u t  t h e  p r o f i l e  which i s  c o r r e l a t e d  t o t h e i r  
h igh n a t u r a l  d r a i n i n g  c a p a c i t y .  When s o i l s  a r e  t i l l e d  however, n a t u -  
r a l  p o r o s i t y  i s  d e s t r o y e d  and soon compact ion w i l l  deve lop  i n  t h e  l o -  
wer Ap hor i zon .  T h i s  p r o c e s s  i s  a c c e l e r a t e d  by a  r e d u c t i o n  i n  o r g a n i c  
m a t t e r  and by high r a i n f a l l .  Compaction can be e l i m i n a t e d  f o r  a  
s h o r t  p e r i o d  b y  new t i l l a g e  o p e r a t i o n s ,  but it hill a lways  a p p e a r  
a g a i n  a f t e r  s o i l  has s e t t l e d  down s u f f i c i e n t l y .  T h i s  c o m p a c t i m  i!n- 
p e d e s  w a t e r  i n f i l t r a t i o n  i n  t h e s e  o t h e r w i s e  ve ry  pe rmeab le  s o i l s ,  and 
can l e a d  t o  a  comple te  l o s s  o f  P,p hor i zon  d u r i n g o n e  v e g e t a t i v e  pe-  
r i o d  of annua l  c rops .  1 
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7 - i r , r e n t  s i t ( - a t i o i .  o c c u r s  on t h e  p o d s o i i c  s o i l s  of  P a r a n a v a i .  Here, A dl ' -- . .  
n a t u r a l  s o i l  forming p r o c e s s e s  [ i l l u v i a t i o n l  have l e d  t o  a  c l e a r l y  d i f  - 
f e r e n t i a t e d  p o r o s i t y  th roughout  t h e  s o i l  p r o f i l e .  The p e r c e n t a g e  of 
macropores  d e c r e a s e s  i n  t h e  B hor izon Causing an impediment t o  d r a i -  
nage mainly  a t  t h e  a b r u p t  t r a n s i t i o n  from t h e  A t o  B hor izon  and hence 
heavy e r o s i o n ,  e s p e c i a l l y  on s o i l s  h i t h  a  t h i n  A hor izon .  Compaction 
due t o  t i l l a g e ,  a s  d e s c r i b e d  f o r  c l a y  s o i l s ,  cou ld  no t  b e  found on 
p c d s o l s  w i t h  a  sandy t o p  s o i l .  

E L I M I N A T I O N  OF TILLAGE CAUSE0 SOIL COMPACTION 

I n f i l t r a t i o n  r a t e s  under d i f f e r e n t  c o v e r  c r o p s  was s t u d i e d  a t  t h e  two 
e x p e r i m e n t a l  s i t e s .  Wheat and c o v e r  c r o p s  were d i r e c t  d r i l l e d  a t  t h e  
same t i m e  and measurements were made just a f t e r  h a r v e s t .  

Average of  6 measurements [mn/hl 
Wheat S i n a p i s  B r a s s i c a  V i c i a  Brass .  Lup inusP  h a c e l i a  

a l b a  napus  v i l l o s a  c/ch.  l u t e u s  t a n a c e t .  
L a t o s o l  LF! 44 7 6  79  8  7 103 125 1 8 3  
T e r r a  Roxa TR 64 - 303 402 - . - - 
The measurements show a  c o n s i s t e n t  i n c r e a s e  i n  i n f i l t r a t i o n  r a t e s  h e n  
c o v e r  c r o p s  were used.  Compared t o  t h e  i n f i l t r a t i o n  r a t e s  i n  wheat ,  
t h e  i n c r e a s e  w a s  up t o  416% on L a t o s o l  and up t o  628% on T e r r a  Roxa. 
A l l  c o v e r  c r o p s  Produced a  n o t i c i a b l y  h i g h e r  r o o t  mass than  wheat.Cru- 
c i f e r o u s  p l a n t s  and soybeans showed t y p i c a l  r o o t  windings and can be 
c o n s i d e r e d  t o  some e x t e n t  s e n s i t i v e  t o  compaction p r e s e n t  i n  t h e s o i l .  
Leguminous c o v e r  c r o p s  on t h e  o t h e r  hand seemed t o  h a ~ 8 ~ d i f f i c u l t y  i n  
p e n e t r a t i n g  compacted l a y e r s  of  s o i l .  

I n  t h e  n o - t i l l a g e  p l o t s , ,  b e c a u s e  of p r e v i o u s  t i l l a g e ,  compaction was 
a l s o  p r e s e n t .  According t o  P h i l l i p s  [ l o ] ,  s o i l s  w i l l  r e v e r t  t o  t h e i r  
n a t u r a l  c o n d i t i o n  o n l y  a f t e r  ap rox imate ly  10 t o  12 y e a r s  o f  c o n t i -  
n ious  n o - t i l l a g e .  The loosenine.  e f f e c t  of c o v e r  c r o p s  on d e s c r i b e d  - - 
s o i l  ' c o m ~ a c t i c n  can  b e  c l e a r l v  seen i n  t h e  ~ h o t o e r a ~ h  shown below. 

on both  e x p e r i m e n t a l  s i t e s ,  t h e  plowing of c o n v e n t i o n a l  p l o t s  showed 
t h e  p o s i t i v e  e f f e c t  of c o v e r  crops  on s o i l  c o n s i s t a n c e  as  compared t o  
t h a t  of p l o t s  p l a n t e d  w i t h  wheat .  Cover c r o p s  l e f t  a  much more f r i a b l e  
s o i l  because  b i o l o g i c a l  l o o s e n i n g  ( 3 )  had t a k e n  p l a c e .  

O b s e r v a t i o n s  s o  f a r  l e a d  u s  t o  assume t h a t  s o i l  compactions i n  t h e  Ap 
h o r i z o n .  caused  by t i l l a g e ,  w i l l  n o t  d i s a p p e a r  by a l t e r i n g  t h e  oep tn  

2 

of t i l l a g e ,  nor  by changing t h e  t i l l a g e  implement,  b u t  by enhancing 
t h e  b i o l o g i c a l  a c t i v i t y  i n  t h e  s o i l .  



B I O L O G I C A L  A C T I V I T Y ,  SOIL TEMPERATURE AN0 SOIL MOISTURE 

The first s t e p  i n  measuring b i o l o g i c a l  a c t i v i t y  was made by c o u n t i n g  
earthworm p o p u l a t i o n s  p e r  square  m e t e r  up t o  a  d e p t h  of 1 0  cm. Da ta  
c o l l e c t e d  a t  Ro land ia  (TR Febr .1979) .  showed an i n c r e a s e  f r a n  6  e a r t h -  
worms/m2 under  c o n v e n t i o n a l  t i l l a g e  t o  an average of 1 3  earthworms/m 2  

under  n o - t i l l a g e .  T h i s  was recorded  o n l y  one and a  hal f  y e a r s  a f t e r  
t h e  exper iment  was i n i t i a t e d .  Counts  a t  Londr ina  LLRl r e v e a l e d  v e r y  
low earthworm p o p u l a t i o n s  but  showed s i m i l a r  t e n d e n c i e s .  

B i o l o g i c a l  a c t i v i t y  i n  t h e  s o i l  i s  v e r y  much r e l a t e d  t o  s o i l  t e m ~ e r a -  
t u r e  and s o i l  mois tu re .  S o i l  t e m p e r a t u r e  i s  p a r t i c u l a r l y  importa ; i t  i n  
t h e  t r o p i c s .  Record ings  a t  IAPAR on J a n u a r y  24.1979 t a k e n  a t  a  d e p t h  
of  2 cm show a  t e m p e r a t u r e  of 50,8*C on b a r e  s o i l  and of  25,a9C on t h e  
a d j a c e n t  mulch covered p l o t .  S i m i l a r  d a t a  h a s  been c o l l e c t e d  by Med- 
c a l f  (71 i n  c o f f e e  p l a n t a t i o n s  i n  t h e  s t a t e  of S&o Paulo .  

T k  impor tance  of mulch t i l l a g e  f o r  t r o p i c a l  a g r i c u l t u r e  h a s  been de- 
m o n s t r a t e d  r e c e n t l y  a l s o  a t  t h e  IITA, ~ i g G r i a ( 4 , g I  and i s  r e l a t e j  t o  
a  g r e a t  e x t e n t  t o  a  b e t t e r  enviroment  f o r  s e e d s  and p l a n t  r o o t s ,  
ma in ly  because  o f  h i g h e r  m o i s t u r e  c o n t e n t s  i n  t h e  s o i l  and c o o l e r  s o i l  
t e m p e r a t u r e s .  Mois tu re  r e a d i n g s  have been made a t  IAPAR up t o  a  d e p t h  
of 1 , 5  m. Measurements under  wheat i n  Roland ia  (TRI show a  h i g h e r  
m o i s t u r e  c o n t e n t  i n  n o - t i l l e d  s o i l s  a s  compared t o  t h o s e  c o n v e n t i o n a l -  
l y  t i l l e d  d u r i n g  t h e  whole v e g e t a t i v e  p e r i o d .  The c o n s e r v a t i o n  of s o i l  
m o i s t u r e  was found t o  be h i g h e r  under  t h e  mulch c o v e r  of  n o - t i l l a g e ,  
t h a n  under  b a r e  s o i l ,  and conf i rms  d a t a  o b t a i n e d  by many r e s e a r c h e r s  
th roughout  t h e  world.  A t  t h e  end of  a  d rough t  p e r i o d  o f  a lmost  2  
months, which s t a r t e d  soon a f t e r  p l a n t i n g ,  n o - t i l l e d  s o i l s  had s t o r e d  
a t  a  d e p t h  of 3 0  t o  80 cm, 12mm more wa te r  t h a n  c o n v e n t i o n a l l y  t i l l e d  
s o i l s  and,  a f t e r  a  second d rough t  p e r i o d  o f  one month, t h e y  had s t o -  
red a t  t h e  same dep th ,  1 0  mm more wa te r .  I n  Londr ina ,  where wheat  
y i e l d s  d i d  no t  show such b ig  d i f f e r e n c e s ,  t h e  m o i s t u r e  c o n t e n t  under  
t h e  two t i l l a g e  sys tems  was more a l i k e .  

Mois tu re  r e a d i n g s  i n  p l o t s  u n d e r  c o v e r  c r o p s  showed t h a t  t h e s e  p l a n t s  
took  much more m o i s t u r e  o u t  o f  t h e  s o i l  t h a n  hhea t .  A t  20 t o  100  cm 
t h e  w a t e r  c o n t e n t  was 1 7  mm lower  under  B r a s s i c a  napus  t h a n  u n d e r  
wheat i n  t h e  n o - t i l l a g e  p l o t ,  and 1 3  mn lower  i n  t h e  c o n v e n t i o n a l  p l o t .  
The d i f f e r e n c e s  were n o t  so g r e a t  i n  Londr ina ,  where w a t e r  c o n t e n t  
under  B r a s s i c a  napus  was o n l y  8  rn lower  i n  t h e  c o n v e n t i o n a l  p lo t .The-  
s e  m o i s t u r e  d i f f e r e n c e s  v i r t u a l l y  d i s a p p e a r e d  a f t e r  t h e  nex t  heavy 
r a i n  when t h e  c o v e r  c r o p s  had been c u t  o r  sprayed o f f  w i t h - h e r b i c i d e s .  

YIELDS OF WHEAT, SOYBEANS AN0 COVER CROPS UNDER DIFFERENT TILLAGE SYS- 
TEMS - 
I n  Londr ina  and Rolznd ia  wheat y i e l d s  from n o - t i l l a g e  p l o t s  were s i g -  
n i f i c a n t l y  h i g h e r  t h a n  t h o s e  from c o n v e n t i o n a l  t i l l a g e  t r e a t m e n t s .  
The h i g h e r  m o i s t u r e  c o n t e n t ,  lower  s o i l  t e m p e r a t u r e  and h i g h e r  b i o l o -  
g i c a l  a c t i v i t y  i n  t h e  s o i l  a r e  f e l t  t o  be  t h e  most i m p o r t a n t  r e a s o n s  
f o r  t h e s e  i n c r e a s e d  y i e l d s .  

Wheat y i e l d s  kg/ha 14% m o i s t u r e  1978. 
N o - t i l l a g e  M i n i m u m  t i l l a g e  Conven t iona l  t i l l a g e  
kg/ha % kg/ ha % kg/ ha % 

Londrina  
(IAC-51 1713 123  1404 101 1387 100  

R o l s n d i a  
( T a n o r i  I 1319 1 6 1  981 120 818 100 

P r e l i m i n a r y  results show an average  soybean y i e l d  i n  Ro land ia  of o v e r  
3000 kg/ha, y i e l d s  b e i n g  s l i g h t l y  h i g h e r  i n  n o - t i l l a g e  t h a n  i n  conven- 
t i o n a l  t i l l a g e .  Average y i e l d s  i n  Londr ina  were much lower  t h a n  i n  
Roland ia .  C o n v e n t i o n a l l y  t i l l e d  soybeans  y i e l d e d  l e s s  t h a n  150Okg/ha a s  



compared t o  2000 kg/ha i n  n o - t i l l a g e .  The exper iment  was p l a n t e d  a f t e r  
a 1 5  mm r a i n  i n  November 1978 a n d , w h i l s t  m o i s t u r e  was s u f f i c i e n t  f o r  
t h e  s e e d s  i n  t h e  n o - t i l l a g e  p l o t s  t o  ge rmina te  and t h r i v e ,  t h e  s o i l  
d r i e d  ou t  q u i c k l y  under  c o n v e n t i o n a l  and minimum t i l l a g e  r e s u l t i n g  i n  
poor  g e r m i n a t i o n .  Germinat ion was i n  f a c t  s o  low i n  t h e s e  p l o t s  t h a t  
is  was necessa ry  t o  r e p l a n t  1 0  d a y s  l a t e r .  T h i s  i s  t h e  main reason  
f o r  t h e  lower  soybean y i e l d s  i n  c o n v e n t i o n a l  t i l l a g e .  

Con t ra ry  t o  e x p e c t a t i o n s ,  soybeans  p l a n t e d  a f t e r  B r a s s i c a  napus 1. 
y i e l d e d  abou t  10% l e s s  i n  R o l ~ n d i a  and abou t  20% l e s s  i n  Londr ina  com- 
pared t o  soybeans a f t e r  whea t .  Ni t rogen  f i x a t i o n  by t h e  c o v e r  c r o p  i s  
S e l i e v e d  t o  be t h e  main reason f o r  t h i s  d e c r e a s e  i n  y i e l d .  A s  o t h e r  
t r i a l s  i n  Paran; have shown ( 2 )  c o r n  p l a n t e d  a f t e r  leguminous c o v e r  
c rops  showed i n c r e a s e s  of  more t h a n  2000 k g / h a ( i . e .  4540 kg/ha compa- 
r e d  t o  2130 kg/ha) ,  t h e  e f f e c t  of t h e  c o v e r  c r o p  being a lmos t  e q u i -  
v a l e n t  t o  a  n i t r o g e n  a p l i c a t i o n  of 60 kg/ha. 

Average y i e l d s  of c o v e r  c r o p s  d i r e c t  d r i l l e d  i n t o  soybean s t u b b l e  a f -  
t e r  a  5  month v e g e t a t i v e  p e r i o d ,  expressed  i n  kg of dry m a t t e r p e r h a .  
were a s  f o l l o w s :  Lupinus l u t e u s  6725; V i c i a  v i l l o s a  6400; V i c i a  s a t i -  
va  5375; P h a c e l i a  t a n a c e t i f o l i a  4025; S i n a p i s  a l b a  5550; B r a s s i c a c a m -  
p e s t r i s / c h i n e n s i s  5035; Bras s i c a  napus  L .  Var. Akela 4600; B r a s s i c a  
napus  L.Diamant 3300. 
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ABSTRACT 
The suitability of soils for reduced tillage has been related 

to soil drainage, aeration and ability to resist compaction. The 
primary effect of compaction on the soil is to decrease pore volume, 
particularly the coarse pores (transmission pores). This paper out- 
lines procedures being used to examine a range of soils from the 
United Kingdom in regard to compaction. The effects of compactionon 
soil respiration are also considered. 

INTRODUCTION 
All agricultural soils must be well drained and have a good and 

stable porosity. Increase in intensification of arable cropping and 
declining organic matter levels, has meant that the introduction of 
new tillage systems demands very high skills of management for succ- 
essful crop production. This has meant that research workers and 
farmers alike have had to look closely at the physical management of 
their soils. A major problem with reduced tillage systems,such as 
direct drilling,has been soil compaction,evidenced by surface ponding 
of water, and the instability of some surface soils (particularly 
silts),which tend to slake,crust and smear,reducing seedling estab- 
lishment and subsequent yield. 

Cannell - et a1 (1978), have published a guide for selecting soils 
in Britain suited to direct drilling, based on the local soil class- 
ification system of soil series,with emphasis given to drainage and 
compaction. Larson et (1978), examined a range of soils from 
various countries and presented a model for predicting the compaction 
of agricultural soils. They related compression curves to the type 
and amount of clay, and concluded that these curves, obtained on 
beds of sieved aggregates, reflect the behaviour of agricultural 
surface soils in the field. 

The biological effects of soils on plant nutrition are related 
to the cycling of nitrogen,phosphorus and sulphur; in particular the 
nitrogen nutrition of all soil grown crops is associated with micro- 
biological activity. A decline in microbiological activity as 
evidenced by changes in carbon dioxide evolution, may reveal the 
effects of compaction on air porosity. The measurement of carbon 
dioxide evolution on intact soil cores from direct drilled and 
ploughed treatments may indicate changes in the behaviour of soil 
biomass in these different tillage systems. Jenkinson and Powlson 
(1976)and Anderson and Domsch (1978) have proposed methods for esti- 
mating soil biomass (the total amount of biologically active material). 
These authors usedsievedaggregates of soil in their studies. There 
is evidence (Osborne - et a1 (1979) that soil porosity varies under 
direct drilled and ploughed treatments. Changes in the distribution 
of organic matter and porosity in the direct drilled soil profile may 



improve the stability of unstable surface soils and affect the distr- 
ibution of biomass in the soil profile. The use of compacted and un- 
compacted "minimally disturbed" soil cores may be a more instructive 
method of assessing the significance of changes in biomass in tillage 
experiments. Lynch (1978) found estimates of biomass in a clay soil 
to be 65 and 48 mg carbon per lOOg soil for direct drilled and 
ploughed soil respectively,using soil cores. The respective results 
for sieved soil were 82 and 57. 

In this paper details are given of procedures in use at the 
University of Reading and in the laboratories of Imperial Chemical 
Industries, Jealotts Hill, to assess the susceptibility of soils to 
compaction, and the efforts being made to measure the effects of 
compaction on oxygen permeability and soil porosity. In an attempt 
to relate these changes to soil biology, carbon dioxide production 
from soil cores is being examined. 

MATERIALS AM, METHODS. 
The principal soil used in this study was a silt loam (Hamble 

series). The site is a tillage experiment run by t Letcombe Laborat- 
ory, chosen because it was considered to be unsuitable for direct 
drilling,because of its surface instability. 

Soil variability in a study of this type is a significant prob- 
lem and a preliminary assessment of this was made. The grass ref- 
erence area was used for this aspect of the study and the results 
are shown in Table.1. 

These results indicate chat in excess of 25 cores are required 
to obtain valid statistical results at the 90% confidence level. 

Table 1. Variability of bulk density and porosity on uncompacted 
and compacted soil cores. 

Air filled porosity % 
10 cm suction 

* Results in brackets were obtained when the techniques were 
modified to remove errors associated with water trapped between 
the samples and plastic liner. 

SOIL SAMPLING METHOD 

Soil cores (75mm diameter) were taken to a depth of 50cm using a 
hand held jack-hammer,steel sampling tube and removable plastic liner. 
The cores were cut into 50mm lengths, using a piano wire and coated 
on the outer surface with a silicone rubber solution. This coating 
effectively sealed the edges of the core, so that it could be handled 
without damage. The seal also ensured that there was no "edge effect" 
(movement of gas down the side of the sample) when oxygen permeability 
and carbon dioxide evolution was measured. The seal also removed the 
need to have a liner around the sample during moisture desorption, 
removing the possibility of water being trapped between the liner and 

'f' We gratefully acknowledge the assistance and co-operation of the 
staff, Agricultural Research Council, Letcombe Laboratory. 



core, which could contribute to large errors in air porosity 
results (Table 1). 

The cores were saturated at zero water suction, weighed and 
placed on sand tables at lOcm suction. After equilibration the 
samples were weighed and the same procedure followed for 20,50 and 
lOOcm suction. Samples were placed in a gas flow cell to measure 
permeability to oxygen at suctions of 10 and lOOcm suction. Rates of 
carbon dioxide evolution (biomass estimates), were also measured at 
these two suctions. Brief details of these procedures are given 
below. 

The soil cores coated with rubber were placed inside a plastic 
tube wh+ch was lined with a rubber sheath (similar to that used in 
triaxial compression cells). The sheath was inflated within the 
plastic liner: the air was withdrawn by sucking on a small hole on 
the outside of the liner, and the sheath then lay flat within the 
lmer. The rubber coated soil core,greased with vacuum grease was 
inserted into the liner and the air was allowed to enter the rubber 
sheath. The sheath now closed firmly around the edge of the Soil 
core preventing any air movement down the edge of the core. For the 
measurement of permeability the core and liner was placed in a special 
brass cell, across which a manometer measured the differential 
pressure and a flow meter measured the rate of flow of oxygen through 
the sample. If carbon dioxide evolution was to be measured, the 
plastic liner was sealed at both ends and carbon dioxide free air was 
drawn throughthe soil core (usually 0.51/hr). An infra-redgzs anzly'ser 
recorded the concentration of carbon dioxide in the air which was 
passed through the soll. T h ~ s  was converted to the amount of carbon 
respired by the soil organisms per gram of soil per day. 

In one aspect of this study the field compacted areas (tramline 
areas) were compared with uncompacted areas. In another aspect the 
samples were compacted in a consolidation apparatus (oedometer). The 
results in Table 1 were obtained with a uniaxial stress of 200 kPa 
on samples which had been equilibrated at lOOcm suction. 

Results obtained using the oedometer to compact beds of aggre- 
gates are currently being compared with the results obtained by 
Dr.W.E. Larson (USDA, University of Minnesota). 

RESULTS AND DISCUSSION 
The data plotted in Fiqure.1, were obtained from Larson 

(1978), and are presented on the basis that compression curves 
reflect the behaviour of agricultural surface soils in the field. Dr. 
Larson and his co-workers consider that their results indicate four 
groups of soils, represented by curves 1,2,3 and 4 in Figure 1. The 
Andepts represent the soils derived from volcanic ash with allophane 
as the dominant clay mineral. They have relatively low bulk densities 
even under stress. The second group are the medium textured highly 
weathered soils with iron oxide dominating the clay fraction, the 
Typic Haplustox is an example. These soils have moderate bulk densit- 
ies at low stress, and moderately high bulk densities at high stress. 
A third group contain medium textured soils with expanding clay types. 
These are exemplified by the Aquic Hapludolls and respond to stress 
rather like the second group. The fourth group are the coarse tex- 
tured soils with a wide range in the particle size. Particle size 
distribution dominates their behaviour, rather than type of clay. 
Usually these soils have high bulk densities at all stresses. Data 
for 3 English soils, plotted in Figure.1, indicate that these soils 
may fit into the 3rd and 4th classes of Larson et al. That is the - 
silty clay loam into class 3 and the silt loam and the silt into class 
4. 
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FIGURE 1. 

The silty clay loam has a similar compression curue to the 
Aquic Hapludoll of Dr Larson. 

upon examination of these three soils (0-10 cm), for bulk density 
and air filled porosity, using large clods of soil (Wallasea series, 
silty clay loam and the Wisbech series silt), and soil cores for the 
Hamble series silt loam, we find the following (Table 2 ) .  

Table. 2 

10 cm suction 1.02 1.84 

+ Compacted in the field, ie, Tramlines. 

Field experience has shown that these three soils are difficult 
to direct drill because of their liability to compact and in the case 
of the two silts this compaction is often associated with surface 
crusting. It is important to note, however, that with the possible 
exception of the Wisbech series soil, successful continuous direct 
drilling has been carried out. The problems associated with compact- 
ion on these soils is suggested by the data in Figure 1. Improved 
management and possible changes in levels and distribution of organic 
matter may be the key to successful drilling on these soils. Hamblin 
and Davies (1977) emphasised the important effects of organic matter 



on the physical properties of silt soils. Higher organic matter 
levels result in higher water holding capacities,porosities and 
reduced compaction. There is evidence to suggest that organic ffiatker 
levels increase in the surface of soils when direct dfilling ' 

or reduced tillage is practised, and this could have a marked effect 
on the potential of these soils for reduced tillage systems. 

Results of a more detailed study of some of the soil physical 
characteristics of the silt loam soil (Hamble series".), are presenxied 
in Table 3a and 3b. 

The data in Table 3a is for the compacted (0-3 cm! smples !Fcc3: 

both tillage treatments. It was not possible to obtain intact c-r-=s 
from this depth on the non-tramlined areas. 

Table 3a 

evolution 
(pg C/g soil/day! 

Bulk densities were higher on the ploughed plots, and the total 
porosities consequently lower. There were only small and generally 
non-significant differences in air pososities (coarse pores). The 
slightly higher non-significant differences in carbon dioxide evolut- 
ion from the direct drilled treatments may reflect a higher organic 
matter content. 

In Figure 3b data for the 3-8cm sampling is presented, and shows 
lower bulk densities for the ploughed treatment, higher permeabilit- 
ies to oxygen, and a tendency to have higher air porosities at the 
low suctions (locm), this trend tends to be reversed at the higher 
suctions (100cm) . 

It must be remembered that these soils were sampled at the end 
of the fourth year of the experiment, prior to cultivation for the 
5th crop; thus we are looking at more than the short-term effects of 
treatments. 

The results for the 3-8cm depth reflect more closely field 
experience with this soil. It has been shown (Cannell and Ellis,1977: 
that in wet seasons direct drilling seeding equipment may produce a 
drill slit with smeared walls, which restricts water movement and 
impedes the extension of the seedling roots. The potential for this 
to occur is reflected in the data for this soil plotted in Figure 1. 
It is also reflected in the lower oxygen permeability and air porosiQ 
figures for the direct drilled soil in Table 3b. In the last t V 0  

seasons on this soil the yields of winter oats and winter wheat have 
been as good as those on the ploughed treatment. The use of mother 
reduced tillage system (shallow tine cultivation), has given greater 
yields than either the direct drilled or ploughed tzeatments On 
soil (Ellis - et al) 1978). 



The use of a compaction model as proposed by Larson *1977), 
which relates compression index (slope of the compression curve) to 
soil texture, should provide a useful guide to the liability of soils 
to compact. It has been found, however, that as management skills , 

improve along with organic matter levels in these highly compactable 
silty soils, they may be included in a continuous reduced tillage 
progranme. 

Table 3b 

? The numbers 1 and 2 indicate the uncompacted and compacted samples 
respectively. 

** Significant at the 1% level 
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PRELIMINARY EXPERIMENTS WITH ALTERNATIVE ZERO TILLAGE SYSTEMS 
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Penicuik,  Midlothian, EH26 OPH, Scotland.  

ABSTRACT: A f i e l d  experiment has been i n i t i a t e d  t o  s tudy s o i l  and 
crop responses t o  two ' a l t e r n a t i v e '  zero t i l l a g e  systems i n  com- 
parison with conventional d i r e c t  d r i l l i n g ,  reduced c u l t i v a t i o n  and 
ploughing systems. The two ' a l t e r n a t i v e '  systems of  s c r a t c h  
d r i l l i n g  and zero  t i l l age /b roadcas t ing  o f f e r  scope f o r  avoiding 
t h e  use of  heavy machinery and hence reducing compaction problems. 
Resul t s  from t h e  first two years  of  t h e  experiment showed no 
s i g n i f i c a n t  d i f f e rences  i n  y i e l d  between t rea tments  on t h i s  sandy 
loam s o i l ,  c l a s s i f i e d  a s  s u i t a b l e  f o r  conventional  d i r e c t  d r i l l i n g .  
Wheel t r ack ing  and poor surqace t i l t h  d i d  cause some reduct ion  i n  
p l a n t  emergence f o r  t h e  conventional  d i r e c t  d r i l l i n g  and s c r a t c h  
d r i l l i n g  t reatments .  The a l t e r n a t i v e  zero  t i l l a g e  Systems may 
o f f e r  a promising approach t o  improved management f o r  more 
d i f f i c u l t  s o i l s  and i n  w e t t e r  seasons.  

THE NEED FOR ALTERNATIVE ZERO TILLAGE SYSTEMS 

A r e c e n t  review of  s o i l  s u i t a b i l i t y  f o r  long term d i r e c t  
d r i l l i n g  of c e r e a l s  i n  t h e  U.K. [Cannell  e t  a l . ,  1978) suggested 
t h a t  perhaps 70% of t h e  c e r e a l  growing a rea  had s o i l s  s u i t a b l e  f o r  
d i r e c t  d r i l l i n g  of w in te r  c e r e a l s .  However, f o r  s p r i n g  c e r e a l s  t h e  
est imated a rea  considered s u i t a b l e  f e l l  t o  30% i n  England and Wales. 
The most common s o i l  problems g iv ing  r i s e  t o  y i e l d  reduct ions  under 
d i r e c t  d r i l l i n g  were compaction, waterlogging and l a c k  of  s u r f a c e  
t i l t h .  D i rec t  d r i l l i n g  was considered t o  be favoured by r e l a t i v e l y  
dry s o i l  and c l i m a t i c  condi t ions .  It was noted t h a t  a t  p resen t  a l l  
experimental  and commercial d i r e c t  d r i l l i n g  of c e r e a l s  is c a r r i e d  
o u t  with heavy d r i l l s  and a t  l e a s t  60 kW t r a c t o r s ,  and t h a t  t h i s  
must a f f e c t  t h e  success of t h e  technique and t h e  s u i t a b i l i t y  of  
s o i l s .  Pidgeon and Ragg (19791 po in t  o u t  t h a t  a r a t h e r  d i f f e r e n t  
approach t o  management is requi red  f o r  successfu l  d r i l l i n g  i n  
we t t e r  a reas ,  p a r t i c u l a r l y  f o r  s o i l s  with very l imi t ed  a b i l i t y  t o  
recover  from s t r u c t u r a l  damage, where t h e  avoidance of  compaction 
may l a r g e l y  determine t h e  scope f o r  d i r e c t  d r i l l i n g .  Heavy 
machinery may be necessary. o r  a t  l e a s t  a c c e p t a b l e s f o r  dry autumn 
condi t ions  but  not  f o r  wet autumn o r  f o r  s p r i n g  condi t ions .  Some 
f l e x i b i l i t y  i n  t h e  choice of  systems f o r  e s t a b l i s h i n g  c e r e a l s  with- 
out  t i l l a g e  is thus  d e s i r a b l e  t o  cope with t h e  range of  d i f f e r e n t  
seasons. The p resen t  prel iminary experiment i s  deszgned t o  examine 
a necessa r i ly  very l i m i t e d  range of a l t e r n a t i v e  zero t i l l a g e  
systems i n  comparison with conventional  d r i l l i n g ,  reduced c u l t i -  
va t ion  and ploughing systems. 

CHOICE OF ALTERNATIVE ZERO TILLAGE SYSTEMS 

The two a l t e r n a t i v e  zero  t i l l a g e  systems chosen f o r  i n v e s t i -  
g a t i o n  were ' s c r a t c h  d r i l l i n g '  and broadcast ing with no p r i o r  
t i l l a g e  bu t  wi th  harrowing t o  seeding depth immediately afterwards. 

* Present  address:  Seale-Hayne College, Newton Abbot, Oevon TQ12 6NQ 
England. 



I n  t h e  former system t h e  s o i l  i s  c u l t i v a t e d  t o  t h e  depth of 
seeding only, p r i o r  t o  d r i l l i n g .  P o t e n t i a l  advantages of t h i s  
system a r e  t h a t  s u f f i c i e n t  ' t i l t h '  i s  formed t h a t  t h e  need f o r  heavy 
s p e c i a l i s t  d i r e c t  d r i l l s  i s  avoided. and f o r  some s o i l  types  t h i s  
su r face  c u l t i v a t i o n  i s  known t o  be necessary (Cannell  e t  a l . ,  19781. 
This is an in termedia te  system i n  t h e  continuum between reduced 
c u l t i v a t i o n  and d i r e c t  d r i l l i n g .  

The zero t i l l age /b roadcas t ing  system o f f e r s  f u r t h e r  s impl i -  
f i c a t i o n  of  machinery, and a  cons iderable  p o t e n t i a l  f o r  reduct ion  
of compaction from implements and veh ic l e s ,  t o g e t h e r  with a  
corresponding inc rease  i n  t h e  number of a v a i l a b l e  work days and of 
work r a t e .  Many of t h e  f a c t o r s  t h a t  l ed  o r i g i n a l l y  t o  t h e  abandon- 
ment of broadcast ing of c e r e a l s  such a s  weed con t ro l  problems, 
i r r e g u l a r i t y  of seed spacing and sowing depth. and poor germination 
may no longer  occur  i n  moist condi t ions  with c e r t a i n  modern 
c u l t i v a t i o n  o r  zero t i l l a g e  systems. Indeed, amongst t h e  l i m i t e d  
r ecen t  s t u d i e s  of broadcast ing,  t h a t  of  Heege (19691 i s  noteworthy 
i n  showing t h a t  i n  some circumstances y i e l d  i n c r e a s e s  of about 10% 
may be obtained due t o  more uniform seed d i s t r i b u t i o n  than can be 
obtained by d r i l l i n g .  

EXPERIMENTAL DETAILS 

The experiment i s  s i t e d  on a  moderately well  drained sandy loam 
s o i l  of Nacmerry s e r i e s  c l a s s i f i e d  a s  a  s tagnogleyic  brown e a r t h  
[Avery, 1973) o r  aqu ic  eu t rochrep t  ( S o i l  Survey S t a f f ,  1975). The 
s i t e  i s  about 10km e a s t  of Edinburgh and has a  mean annual r a i n f a l l  
of 650mm with an average d a t e  of r e t u r n  t o  f i e l d  capaci ty  i n  e a r l y  
November. The experiment has a  randomised complete block design . 
w i t h  4 r e p l i c a t e s  and 8 main t rea tments  covering a  range of  reduced 
c u l t i v a t i o n  and zero  t i l l a g e  systems f o r  s p r i n g  bar ley .  I n  t h e  
present  s h o r t  paper not  a l l  t h e  reduced c u l t i v a t i o n  t r ea tmen t s  w i l l  
be considered and t h e  5 main t rea tments  r epor t ed  here  a re : -  
1. Conventional mouldboard ploughing (20cmI - c o n t r o l  t rea tment  
2. Shallow mouldboard ploughing [IOcmI 
5. Conventional d i r e c t  d r i l l i n g ,  60 kW t r a c t o r  with t r i p l e  d i s c  

d r i l l  
7. Scra tch  d r i l l i n g ;  very shallow sp r ing - t ine  c u l t i v a t i o n  (5cmI 

before d r i l l i n g  
6. Broadcasting seed followed by very shallow s p r i n g - t i n e  c u l t i -  

va t ion  (4cm). 

The e n t i r e  s i t e  was ploughed uniformly t o  a  depth of 20cm i n  
s p r i n g  1976. It was then managed uniformly t o  produce a  s p r i n g  
bar ley  crop i n  1976, a f t e r  which s t raw was baled and t h e  remaining 
s t u b b l e  burnt .  The experimental  t rea tments  were first appl ied  i n  
autumn 1976. with t rea tments  5, 7  and 8 being sprayed with paraquat  
a t  6 .3 l /ha.  In  t h e  s p r i n g  a  d re s s ing  of  375kg/ha of 23:10:10 
f e r t i l i z e r  was appl ied  uniformly over  t h e  s i t e  and t rea tments  1 and 
2 c u l t i v a t e d  w i t h  a  sp r ing - t ine  harrow. Apart from t rea tment  8, a l l  
t rea tments  and d i sca rd  a r e a s  were d r i l l e d  with a t r i p l e  d i s c  d r i l l  
w i t h  s p r i n g  bar ley  ( v a r i e t y  Midasl a s  a  seed r a t e  of 188kg/ha and 
subsequently harrowed. For t rea tment  8, seed was broadcast  by hand 
a t  220kg/ha, t h e  p l o t s  being subdivided i n t o  20m2 sub-plo ts  each 
r ece iv ing  an i n d i v i d u a l l y  weighed a l i q u o t  of seed t o  ensure  reason- 
a b l e  uniformity of seed d i s t r i b u t i o n .  During Nay t h e  crop was top 
dressed uniformly wi th  40kg N/ha and sprayed appropr i a t e ly  f o r  
broadleaved weed con t ro l .  A t  harves t  25m X 2m a r e a s  were sampled 
from each p l o t  using a  p l o t  combine harves ter .  Each p l o t  had 



dimensions of 29m x 18m and had sepa ra t e  a reas  f o r  y i e l d ,  s o i l  and 
crop s ~ u d i e s ,  t h e  e n t i r e  s i t e  covering about 4ha. 

S o i l  bulk dens i ty  was measured a t  3cm i n t e r v a l s  down t o  a depth 
of 39cm a t  4 pos i t i ons  p e r  p l o t  by a gamma-ray t ransmission method 
[Soane, Campbell and Herkes, 43$1). A source /de tec tor  s epa ra t ion  
of 22cm and a source of  5mCo Cs  were used. S o i l  moisture 
content  was determined a t  6cm depth i n t e r v a l s  by over  drying a t  
1 0 5 ~ ~ .  The depth of seeding was determined by measuring t h e  
length of t h e  c h l o r o t i c  p a r t  of t h e  c o l e o p t i l e  f o r  28 randomly 
s e l e c t e d  seed l ings  pe r  p l o t .  P l an t  populat ion a t  f u l l  emergence 
was d e t e ~ i n e d  by counting t h e  number of p l a n t s  within 10 quadra ts  
of 0.25m each pe r  p l o t .  Shear  s t r e n g t h  of t h e  0-3cm horizon was 
measured w i t h  a 'P i lcon '  hand s h e a r  vane i n  100 l o c a t i o n s  i n  and 
out  of wheeltracks. 

RESULTS AND DISCUSSION 

Crop y i e l d  r e s u l t s  f o r  1977 and 1978 (Table 1) show no 
s i g n i f i c a n t  d i f fe rences  between t rea tments .  This  r e s u l t  f o r  
conventional  d i r e c t  d r i l l i n g  i s  cons i s t en t  with o t h e r  experiments 
on t h i s  s o i l  type IHolmes, 19761 which l ed  t o  t h i s  s o i l  being 
c l a s s i f i e d  a s  s u i t a b l e  f o r  d i r e c t  d r i l l i n g  (Cannell  e t  a l . ,  19781. 
The r e s u l t s  f o r  s c r a t c h  d r i l l i n g  and zero  t i l l age /b roadcas t ing  a r e  
p a r t i c u l a r l y  i n t e r e s t i n g  a s  they were obtained even though it was 
not  poss ib l e  i n  t h i s  experiment t o  e x p l o i t  f u l l y  t h e  p o t e n t i a l  
advantages of t hese  systems, p a r t i c u l a r l y  i n  reducing s o i l  com- 
pact ion because l ightweight  veh ic l e s  were not  a v a i l a b l e  t o  u s .  
These prel iminary r e s u l t s  suggest  t h a t  development of t h e s e  
systems may o f f e r  a u se fu l  complementary approach t o  t h e  cu r ren t  
development work on d i r e c t  d r i l l s .  

The small  y i e l d  reduct ions  f o r  t h e  conventional d i r e c t  d r i l l e d  
t rea tment  i n  1978, and t h e  s c r a t c h  d r i l l  t rea tment  i n  both years ,  
though not  s t a t i s t i c a l l y  s i g n i f i c a n t  (P<0.051 may, however, be 
r e a l  e f f e c t s .  Poor seedl ing  emergence was observed i n  wheel tracks 
on s e v e r a l  t rea tments  but p a r t i c u l a r l y  t h e  s c r a t c h  d r i l l  t reatment .  
Detai led i n v e s t i g a t i o n s  showed t h a t  seeds  were p resen t  and had 
germinated but  had f a i l e d  t o  emerge due t o  mechanical impedance of 
t h e  shoots .  Measurements of s o i l  shea r  s t r e n g t h  a t  0-3cm showed a 
s i g n i f i c a n t l y  h igher  value i n  wheel tracks than i n  ad jacent  untracked 
a reas  and i n  add i t ion  t h e  mean depth of seeding i n  wheel tracks was 
g r e a t e r ,  presumably due t o  t h e  ac t ion  of t h e  f i n a l  harrow i n  
' f i l l i n g  up' wheeltracks. A s o l u t i o n  t o  t h i s  problem would be t o  
ensure t h a t  harrowing, d r i l l i n g  and any f i n a l  harrowing i s  a one 
pass  opera t ion .  The small  y i e l d  reduct ion i n  1978 f o r  t h e  
conventional  d i r e c t  d r i l l e d  t rea tment  may be a s soc ia t ed  with t h e  
poor su r face  t i l t h  i n  t h a t  year ,  when again d e t a i l e d  i n v e s t i g a t i o n  
revealed r e s t r i c t i o n s  t o  p l a n t  emergence [ see  Table 1 )  due t o  
mechanical impedance. By c o n t r a s t ,  t h e r e  was a good su r face  t i l t h  
i n  1977. 

Sable 1 shows t h a t  t h e  percentage g e m i n a t i o n  and emergence f o r  
t h e  ze ro  t i l l age /b roadcas t ing  t reatment  was s i g n i f i c a n t l y  g r e a t e r  
than f o r  any o t h e r  t reatment  i n  1977. This  was perhaps due t o  t h e  
shallow mean depth of seeding combined with moist condi t ions  a f t e r  
sowing on March 9 th .  The r a i n f a l l  f o r  t h e  remainder of t h e  month 
was 38.2nun, very evenly d i s t r i b u t e d  with only 4 dry days, although 
Apr i l  was d r i e r  with 24.2m r a i n f a l l  and 11 dry days during t h e  
whole month. These two months were r a t h e r  w e t t e r  i n  1978 but  only 
s i m i l a r  p l an t  populat ions were achieved f o r  t h e  zero  t i l l a g e / b r o a d  
c a s t  t rea tment  compared t o  o t h e r  t rea tments ,  d e s p i t e  t h e  17% 



Table 1. Crop y ie ld ,  emergence and depth of seeding data, 1977 and 1970 

Year Crop Parameter 

1977 Yie ld  t/ha a t  85% D.M. 

Plants emerged CV 

Seeding depth mn, mean 

Seeding depth CV 

1978 Y ie ld  t /ha a t  85% D.N. 

Plants emerged CV 

Seeding depth m, mean 

Seeding depth CV 

+ 
seed r a t e  treatments 1-7; 188 kg/ha: treatment 81 220 kg/ha. 



Dry Bulk Dsneity. $ a 

Figure 1. Inc rease  of  dry bulk dens i ty  over  time on a sandy 
loam s o i l  under convehtional  d i r e c t  d r i l l i n g .  

h igher  seed r a t e  (Table 11. Thus although more d e t a i l e d  s t u d i e s  
a r e  needed t h e r e  i s  no evidence i n  t h e s e  two yea r s  t h a t  zero  
t i l l a g e / b r o a d c a s t i n g  i n  moist condi t ions  g ives  worse r e s u l t s  than 
use of a d i r e c t  d r i l l .  The same conclusion i s  reached from 
examination of t h e  s tandard  dev ia t ions  of t h e  depths of  d r i l l i n g  
f o r  each t rea tment ,  although of course t h e  very shal low depth 
of seeding  on t h e  broadcast  t rea tment  i n  1977 gave r i s e  t o  a 
high c o e f f i c i e n t  of v a r i a t i o n .  

No s i g n i f i c a n t  d i f f e r e n c e s  between t r ea tmen t s  were found f o r  
dry bulk dens i ty  measured during t h e  growing season i n  1977. 
However,' by mid season 1978 t h e  conventional  d i r e c t  d r i l l  and 
s c r a t c h  d r i l l  t r ea tmen t s  had s i g n i f i c a n t l y  h igher  dry bulk 
dens i ty  a t  6cm depth than t h e  two ploughed and t h e  zero t i l l a g e /  
broadcast  t rea tments .  There were no s i g n i f i c a n t  d i f f e rences  a t  
o t h e r  depths.  F igure  1 shows dry bulk dens i ty  f o r  t h e  conventional  
d i r e c t  d r i l l  t r ea tmen t ,  p l o t t e d  on t h e  b a s i s  of co r rec t ed  depths 
t o  compare equiva lent  horizons (Pidgeon and Soane, 19771. 
Although s t a t i s t i c a l l y  v a l i d  comparisons between occasions cannot 
be made, t h e  good agreement of r e s u l t s  from below t h e  depth of 



ploughing f o r  t h e  d i f f e r e n t  occasions of measurement sugges ts  such 
comparisons a r e  meaningful. The da ta  sugges ts  t h a t  t h e  d i f f e r e n c e  
i n  dens i ty  between t rea tments  noted i n  1978 but  not  before  i s  due 
t o  inc reas ing  compaction on t h e  conventional  d i r e c t  d r i l l  and 
s c r a t c h  d r i l l  t rea tments .  This  i n c r e a s e  may a t  l e a s t  temporari ly 
have been reduced on t h e  zero  t i l l age /b roadcas t  t rea tment  with i ts  
l e s s e r  number of  passes over  t h e  seedbed. 

I n  conclus ion , ' i t  would seem from t h i s  prel iminary i n v e s t i -  
ga t ion  t h a t  a l t e r n a t i v e  systems of crop es tab l i shment  t o  t h e  use 
of heavy d i r e c t  d r i l l s  and t r a c t o r s  i n  c e r e a l  production without  
t i l l a g e  may hold promise, p a r t i c u l a r l y  f o r  t h e  s o l u t i o n  o r  avoid- 
ance of  problems on d i f f i c u l t  s o i l s  and/or i n  wet seasons. 
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ABSTRACT 

Clay soils occupy a large proportion of the cereal growing area of 
England. These soils have been provisionally classified as suitable 
for direct drilling of autumn sown crops provided that drainage is 
good. Recent results from experiments on two clay soils are 
considered in relation to this classification. In a dry season 
yields of winter wheat were higher after direct drilling and shallow 
cultivation than ploughing; in a wet year yields of 10 t/ha of 
wheat were achieved after all methods of cultivation except on the 
heavier of the two soils where direct drilling gave 9.4 t. In the 
dry year there was deeper root growth and greater uptake of water 
from the lower horizons on the direct-drilled areas, whereas in the 
wet season lower oxygen concentrations and restricted root growth 
after direct drilling were associated with the depressed yield on 
the heavier soil. These results emphasise the need to continue 
cultivation experiments for sufficient.time to enable the effects of 
contrasting weather patterns and changes in soil conditions to be 
observed. 

Introduction 

More than 40 per cent of the cereal growing area in the United 
Kingdom is on soils with more than about 35 per cent clay in the 
topsoil (Table 1). These soils are suited to autumn sown crops, 
and when adequately drained have the potential to produce high 
ylelds. In wet conditions problems can often arise in establishing 
cereals after time-consuming methods of cultivation, involving 
ploughing and secondary cultivation. This limits the total area of 
winter cereals sown each year, and the proportion established 
within the optimum period. Early sowing of spring crops on these 
heavy soils is often difficult and yields may be depressed. Interest 
therefore arises in the possibility of growing winter cereals after 
more rapid techniques of simplified cultivation or zero tillage 
(direct drilling) when weeds are controlled by herbicides. 

Soil suitability for simplified cultivation 

Many experiments have been carried out in Britain during the past 
ten years to compare the more rapid cultivation methods with 
mouldboard ploughing. Based on the results for 1969-77 a 
provisional classification on the suitability of soils for sequential 
direct drilling of cereal crops has been proposed (Cannell et al, 
1978). In summary there are three categories. 



Category 1: s o i l s  with favourable p r o p e r t i e s ,  and y i e l d s  s i m i l a r  t o  
those  from wel l  managed conventional c u l t i v a t i o n s  can be expected 
from both autumn and spr ing  sown crops ;  t h e  group inc ludes  chalk and 
limestone s o i l s  and well  dra ined  loams. 

Category 2 :  s o i l s  where, with good management t h e  y i e l d  of win te r  
c e r e a l s  i s  l i k e l y  t o  be s i m i l a r  a f t e r  d i r e c t  d r i l l i n g  and conventional 
c u l t i v a t i o n ,  but  where t h e  y i e l d  of sp r ing  crops is  l i k e l y  t o  be 
apprec iably  reduced (Table 1 ) ;  it inc ludes  t h e  ca lcareous  c l a y s  and 
o t h e r  c l a y  s o i l s  t h a t  have been improved by i n s t a l l a t i o n  of 
a r t i f i c i a l  drainage.  

Category 3: s o i l s  where t h e r e ' i s  a s u b s t a n t i a l  r i s k  of l o s s  of y i e l d  
a f t e r  d i r e c t  d r i l l i n g ,  e s p e c i a l l y  of s p r i n g  sown crops ;  t h i s  
Category conta ins  coarse  sands, s i l t s ,  wet a l l u v i a l  and undrained c l a y  
s o i l s .  

TABLE 1. The percentage of t h e  c e r e a l  growing a r e a  o f  England 
occupied by c l a y  s o i l s ,  and c e r e a l  y i e l d s  on c l a y  s o i l s  
grown a f t e r  ploughing o r  d i r e c t  d r i l l i n g ,  1969-77. 

S o i l  group % of Di rec t -d r i l l ed  Number of 
(U.K., U.S.D.A., c e r e a l  y i e l d ,  % of  experiment 

F.A.O.) a r e a  ploughing y e a r s  

Winter Spring win te r  Spring 
wheat b a r l e y  wheat b a r l e y  

Calcareous pe loso l  8.0 100 9 3 2 9 12 
Aeric haplaquept 
Calcar ic  g l eyso l  
Stagnogley 36.5 101 9 1 44 22 
Typic haplaquept 
E u t r i c  g leysol  

(from Cannell e t  a l ,  1978) 

This c l a s s i f i c a t i o n  i s  considered p rov i s iona l ,  s i n c e  it is  no t  
poss ib le  t o  c a r r y  out  experiments on a l l  s o i l  t ypes ,  few experiments 
have l a s t e d  long enough t o  experience t h e  e f f e c t s  of v a r i a t i o n  i n  
weather p a t t e r n s  between y e a r s ,  and t h e  reasons f o r  y i e l d  d i f f e r e n c e s  
a r e  not  always evident .  

Experimental 

I n  t h e  remainder of t h i s  paper  r ecen t  r e s u l t s  from long-term 
experiments a t  Letcombe Laboratory on two c l a y  s o i l s ,  c l a s s i f i e d  a s  
being i n  Category 2 ,  a r e  considered i n  r e l a t i o n  t o  t h e  c l a s s i f i c a -  
t i o n .  These experiments commenced i n  1974. Both s o i l s  had been 
a r t i f i c i a l l y  dra ined  with p ipes  and mole d r a i n s .  Some p r o p e r t i e s  of 
t h e  s o i l s  a r e  summarized i n  Table 2 .  The aim i s  t o  s tudy t h e  long- 
term e f f e c t s  of d i f f e r e n t  c u l t i v a t i o n  methods (ploughing, shal low 
c u l t i v a t i o n  and d i r e c t  d r i l l i n g )  on s o i l  cond i t ions  and on t h e  growth 
of both t h e  r o o t s  and t h e  shoots  of t h e  crop. To avoid p o s s i b l e  
confounding e f f e c t s  from soi l-borne d i s e a s e s  such a s  take-a l l  
(Gaeumannomyces graminis ) ,  a r o t a t i o n  o f  autumn sown crops is  being 



grown, with winter wheat in alternate years. During these experi- 
ments the weather has been characterised by contrasts; unusually 
dry in 1975-76 and wet in winter 1977-78. Winter wheat was grown 
in both years. 

TABLE 2. Summary description of experimental soils 

Soils A and B are both Stagnogleys, Verti-eutric 
gleysols or Typic haplaquepts in the U.K., European 
and U.S.D.A. classifications, respectively. 

Soil A Soil B 

Particle sizes (%) 

c 2 pm (clay) 35 49 
2-63 pm (silt) 34 47 
> 63 um (sand) 3 1 4 

Texture Clay loam clay 
Organic Matter (%)  5.4 7.4 

Previous Cropping Arable Permanent grass 

Crop yield: In the exceptionally dry conditions of 1975-76 the 
yields of winter wheat were significantly heavier after direct 
drilling and shallow cultivation than after ploughing (Table 3). 
The yields obtained in the wet season of 1977-78 are of 
particular interest; with adequate nitrogen fertilizer, yields 
of about 10 tonnes per hectare were achieved whatever the 
cultivation method. Such favourable conditions for the growth 
of cereals have not existed previously in the period when 
direct drilling and ploughing have been compared. This is most 
important evidence that crops grown with minimum cultivation can 
yield satisfactorily in high yielding conditions. The contrast in 
yield between cultivation treatments on these two soils in the wet 
season is also of interest. On soil A the yields after direct 
drilling and shallow cultivation were similar to that after 
ploughing, but on the heavier soil B the yield after direct 
drilling was less than after ploughing (Table 3). 

TABLE 3. Effect of method of cultivation on yield (tomes/ha) of 
winter wheat on clay soils in two contrasting years, 
1976 (dry) and 1978 (wet) 

Soil A Soil B 

Direct- Ploughed Direct- Ploughed 
drilled tined drilled 

1976 5.5 5.2 4.8 6 -4 5.8 

1978 Low N 8.6 8.3 9.3 7.5 9.0 
High N 10.5 10.2 10.2 9.4 10.0 

Soil B was characterised in the wet year by patches where growth was 
poorer in April with direct drilling. On these patches yield was 
about 2.5 t ha-I less than on the areas of better 'growth. 

Root growth: There was a large difference between the dry and wet 



years in the number of roots at different depths at the end of 
tillering in ~pril. In the dry year (1976) some roots had reached 100 
cm by this time, whereas in the wet year the maximum depth of rooting 
in April was about 70 cm on soil A, but only about 50 cm on the finer 
textured soil B (Fig 1). There was also a pronounced interaction 
between the cultivation treatments and the soil moisture content 
during the seasons. In the dry year on both soils the roots of the 
wheat were more numerous below about 40 cm after direc.t:,drilling. In 
the wet season, on soil A this pattern of rooting was less evident, 
but on the heavier soil B, roots were shallower after direct drilling 
(Fig 1). 

FIGURE 1. Root growth of winter wheat in clay soils after direct 
drilling or plouehinri, measured in Awril at Zadoks - - -- 
growth stage 30 

Soil conditions: In the classification of soil suitability the main 
soil factors limiting the success of direct drilling were considered 
to be lack of tilth, topsoil compaction and wetness caused by slow 
drainage in the subsoil (Cannell et al, 1978). It is thus relevant 
to consider the extent to which these factors were operative in these 
two experiments, and how far the observed differences in root growth 
and yield were associated with these factors. 
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On soil B in the patches of poor growth on the direct-drilled treat- 
mentrooting in April was much restricted and not exceeding 40 cm, 
but on the areas of good growth on the direct-drilled treatment the 
maximum depth of root growth and the number of roots down the profile 
were similar to that on the ploughed land. 



Topsoil conditions: Both these soils show a tendency to self-mulch 
in the surface 2-3 cm, and this together with removal of residues of 
the preceding crop by burning has provided a satisfactory environment 
for germination after direct drilling. In previous work on a 
calcareous pelosol (Ellis et a1 1979) all forms of cultivation nct 
involving soil inversion increased the stability of surface 
aggregates to slaking and dispersion. This trend became greater as 
the experiment continued. However, on soil A, the old arable site, 
there has been little difference between direct drilling and. 
ploughing but aggregates from the shallow tine treatment are more 
stable. Initially on soil B, the old grassland site, the stability 
of aggregates from the direct-drilled plots was greater than those 
from plcughed land but stability has declined over the last 4 
seasons and the mean value for direct-drilled soil is lower than 
that for ploughed. This is associated with a separation of the silt 
fraction and a greater tendency for surface ponding of water to 
occur. 

Topsoil compaction: On both soils the total pore space and air- 
filled pore space in the top 20 cm were less after direct drilling 
than after ploughing. On soil B in the first year the mean valy~es 
after direct drilling and ploughing were 65 and 70 per cent 
respectively. However, these bulk properties of the soil were poor 
indices of the soil for root growth after a dry season, when cracks 
and fissures in clay soils which can be deeper and more continuous 
after direct drilling (Ellis et al, 1979) and the presence of more 
earthworms (Barnes and Ellis, 1979) have favoured root growth. 

In the wet season the oxygen concentration on soil B was much less 
after direct drilling than after ploughing (Burford et al, 1979) 
whereas in the dry season, little difference was observed. 

On the areas of bad growth on the direct-drilled plots on soil B, 
the clay content was greater and the air-filled pore space in the 
top soil was less than on the areas of good growth. 

Drainage in the sub-soil: Evidence was obtained,using the neutron 
meter, that with ploughing the infiltration of water following rain 
or irrigation was retarded compared with direct drilling resulting 
in higher water content especially at the depth of ploughing (c. 25 
cm) (Fig 2). Even in wet conditions in spring 1977 there was more 
rapid movement of water to depth in direct-drilled soil. The 
importance of differences in the continuity of the macro-pores was 
further shown by determination of the saturated hydraulic conduct- 
ivity in soil cores from soil B. At the depth of ploughing 
hydraulic conductivity was much less in ploughed land, due to the 
absence of earthworm channels. 

In the dry year, the deeper infiltration led to storage of moce 
water in the direct-drilled treatment on both soils (Goss et ai, 
1978) and contributed to the higher yield. In wetter conditions in 
soil B the water-table was consistently higher in 1977-78 in t h e  
direct-drilled treatment. This raises the question as to whethzs 
the lateral component of hydraulic conductivity in the subsoil is 



less in uncultivated soil. In ploughed clay soils it is known that 
the lateral movement of water in the topsoil is important for 
drainage (Trafford and Rycroft, 1973). The greater density of 
uncultivated topsoil could impede this flow. The need to study the 
requirements for artificial drainage of clay soils to be shallowly 
cultivated or direct-drilled is therefore evident. 

FIGURE 2. Increase in water content of direct-drilled and ploughed 
clay soil B after one or six daily irrigations, each of 
15 mm; soil water content was measured 30 minutes after 
irrigation ceased. 
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ABSTRACT 

A c l a s s i f i ca t ion  based largely on experimental r e s u l t s  is proposed 
f o r  the  s u i t a b i l i t y  of land i n  Br i ta in  f o r  repeated zero t i l l a g e  of 
cerea ls  (Cannell). Chalk and limestone s o i l s  and other  well-drained 
loams a r e  c l a s s i f i ed  as equally su i tab le  f o r  zero t i l l a g e  of spring 
and winter crops; with good management most clay s o i l s  a r e  su i ted  
f o r  winter crops and may benef i t  from timeliness of sowing. But 
zero t i l l a g e  on sandy s o i l s  and some other weakly s t ructured s o i l s  
can lead t o  lower y i e ld s  than those from conventional cult ivations.  

The fac tors  predisposing land i n  Br i ta in  t o  successful  zero t i l l a g e  
a r e  inherent res is tance t o  compaction, good drainage, d r ie rc l imate  
and l e v e l  o r  only moderately sloping land. 

INTRODUCTION 

The a rea  of cereal  crops grown without deep cul t ivat ion i n  Br i ta in  
is s t ead i ly  increasing as farmers take advantage of the  subs tan t ia l  
savings i n  time, and the opportunit ies f o r  reducing labour and 
machinery costs,  which a r e  afforded by reduced cu l t iva t ion  and 
especial ly  by d i rec t  d r i l l ing .  The advantages of t imeliness a r e  
par t icu la r ly  important f o r  autumn-sown cerea ls  and oi lseed rape. 

The experimental r e s u l t s  used t o  assess  the  s u i t a b i l i t y  of zero 
t i l l a g e  have been derived from many sources of published information 
together with more recent unpublished work. The r e s u l t s  from 
experiments carr ied out from 1969 t o  1977 inclusive a r e  sunrmarised 
i n  Table 4. Inevitably the  c l a s s i f i ca t ion  is tentat ive.  Many 
experiments a r e  still i n  progress and some, especial ly  those on 
heavy s o i l s ,  have only recently s tar ted.  

SOIL FACTORS LIMITING ZERO TILLAGE 

Lack of t i l t h :  S o i l s  exhibit ing a tendency f o r  t he  surface Payers 
t o  pack t i g h t l y  e i t h e r  through slaking o r  i n a b i l i t y  of the  s o i l  t o  
form a na tura l  surface t i l t h  by weathering are l e s s  su i tab le  f o r  
zero t i l l a g e  unless it includes shallow surface cult ivation.  When 
crops a r e  d r i l l e d  i n t o  a compacted surface there  is likelihood of 
inadequately covering seeds, of smearing the  s o i l  by d r i l l  coul ters ,  
and of both excessive s o i l  s t rength and l o c a l  ponding i n  the  
v i c in i ty  of seeds. 

Topsoil compaction: Timely cu l t iva t ions  provide an opportunity t o  



relieve compaction in the topsoil and to the extent that excessive 
compaction may occur in zero tilled land, the system is more at risk. 
Where extensive compaction develo-ps, the ,risk of surface ponding and 
water erosion is increased during wet periods and during prolonged 
dry periods, effects of drought will be accentuated. 

Resistance to compaction in soils is usually associated with the 
following soils and soil properties: 

Drainage: Soils which drain rapidly are less at risk from both 
wheeling and slaking damage than soils that drain slowly. 

Texture: Loamy and peaty soils and some calcareous clayey soils 
are relatively resistant to compaction. Conversely low 
organic matter sandy soils, non calcareous silty soils 
and sandy clay loams tend to compact more easily because 
of weak structure. 

Organic matter content: Additional organic matter in soil tends to 
reduce the effect of compacting forces and to enhance 
recovery of an open structure in compacted soils. 

Surface mulching: Many clayey and 10amysc i l s inEn~landbreakdownto  
give a fine surface tilth under the influence of weather- 
ing cycles. This characteristic of a soil although not 
essential for zero tillage enhances its success. 

SITE FACTORS LIMITING ZERO TILLAGE 

Slope: Zero tillage is possible in a wide range of topographical 
situations but, on sloping land, there is a greater risk of gully 
erosion after zero tillage on soil in which the infiltration rate is 
low, for example on weakly structured slaking soils. 

Snrin~ lines: Land subject to spring lines, or to reception of much 
surface water during wet periods, is unsuitable for zero tillage 
unless the water can be satisfactorily controlled by pipe drains and 
cut-off ditches. 

Field variability: When the classification system, described below, 
is applied to individual farms and fields, soil and topographical 
variability are inevitably encountered and need to be identified by 
field examination. 

CLIMATIC FACTORS LIMITING ZeBO TILLAGE 

Fkperience has shown that zero tilled crops can be more at risk in 
wet years, when there is an early return to field capacity and the 
rainfall is high during the period of seedling establishment. The 
limitations imposed by wet weather which could affect zero tillage 
on a farm scale may be much less evident in well-managed experiments. 
The problems encountered in wetter areas are: 

- more structural damage and rutting at harvest and during sub- 
sequent field operations, 

- later harvest, reducing the opportunity for disposal of crop 
residues and for weed control, 

- more risk of surface ponding and waterlogging on clayey and 
weakly structured soils, 



- less development of surface tilth produced by weathering, - more risk of grass weed competition and slug damage; certain 
weeds, particularly creeping bent, rough-stalked meadow grass asd 
black-grass are encouraged in wet soil conditions, and may com- 
pete strongly with the crop, 

- more delay in drilling of spring crops because of surface wetness 

In an attempt to take account of these factors the mean date of 
return to field capacity in the autumn has been chosen as ar index 
The area where the mean date of return is later than 31st October 
includes most of lowland England. In this zone the climate is most 
favourable for zero tillage. 

CLASSIFICATION OF SOIL AND SITE SUITABILITY 

Three categories of soil suitability for sequential zero tillage are 
identified: Category 1, soils with favourable properties, on which 
yields similar to those from well managed conventiodly cultivated 
crops can be expected for both winter and spring sown cereals; 
Category 2, soils on which winter cereals would be expected to give 
similar yields with zero tillage and conventional cultivation, but 
where there is an appreciable risk of lower yield from zero tillage 
in spring crops. Cateaow 3, soils where reduction in yield is 
expected, especially of spring sown crops. Categories 2 and 3 
include soil types in which the physical properties appear to 
restrict the performance of zero tilled crops. 

The classification should not be interpreted as excluding the 
possibility of good results from zero tillageoncategory 2 and 3 
soils, but it highlights the need for careful attention to appro- 
priate management techniques on these soils. 

CLASSIFICATION CATEGORIES 

The soil, site and climatic characteristics of each of the three 
categories are listed below, and linked with the current classifi- 
cation of soil groups and series (Avery 1973). 
It should be noted that the comparisons of tillage methods are 
within a soil group, not between groups. In particular, for the 
clayey soils in Category 2, the calcareous pelosols are generally 
much more suitable for arable farming than the stagnogleys. Both of 
these categories, but especially the latter, can present considerable 
difficulties for conventional cultivation methods, particularly in 
wet autumns. 

Category 1 

These are soils with favourable properties on which yields similar 
to those from well-managed conventional cultivations can be expected, 
from both autumn and spring-sown crops. The group includes chalk 
and limestone soils, and well-drained loamy soils, and occupies 
about 30% of the cereal-growing area of the country. 

Soil characteristics 

Drainage: Usually well and moderately well-drained soils. 

Topsoil: Generally loamy, but including some humose clayey soils. 
Frequently the soils have appreciable natural lime in both topsoil 



and subsoil.  These s o i l s  gene-rally have reasonably high organic 
matter content (more than about 2% i n  sandy s o i l s ,  3% i n  loamy and 
s i l t y  s o i l s  and 5% i n  clays).  Humose and peaty s o i l s  and peat s o i l s  
a r e  normally i n  Category 1. S o i l s  which slake eas i ly  when wet a r e  
excluded, 

S i t e  charac te r i s t ics  

S i t e s  not subject  t o  severe spring l i n e s  o r  other in f lux  of water 
from higher land which cannot be s a t i s f a c t o r i l y  controlled bydi tches  
and drains. S i t e s  should not be subject  t o  frequent surface flood- 
ing. Field  surfaces generally l eve l  o r  sloping regularly,  without 
depressions i n to  which surface water may drain. 

Land consist ing predominantly of Category 1 s o i l s  with s m a l l  pro- 
portions of Categories 2 and 3. 

Climate 

For s o i l s  i n  t h i s  category, the  date of re turn t o  f i e l d  capacity i s  
not l i k e l y  t o  be a l imi t ing  factor. 

The s o i l  groups i n  Category 1 a r e  given i n  Table 1. 

TABLE 1. Category 1: S o i l  groups 

Rendzinas and brown calcareous ear ths  (chalk and 
limestone s o i l s )  

Loamy brown ear ths  and a r g i l l i c  brown ear ths  (well 
and moderately well-drained s o i l s )  

Huuic sandy gley s o i l s  (humic sands) 
Hmic a l l u v i a l  gley s o i l s  (humic loams and clays) 
Peat s o i l s  (organic s o i l s )  
Brown sands, brown clacareous sands and brown 
podzolic s o i l s  (coarse sands) with high organic 
u a t t e r  content 

Category 2 

These a r e  s o i l s  where with good management the  y i e ld  of winter 
cerea ls  is l i k e l y  t o  be similar a f t e r  zero t i l l a g e  and conventional 
cul t ivat ion,  but where t he  y i e ld  of spring crops is l i k e l y  t o  be 
appreciably reduced. It includes t he  calcareous c lays  and clayey o r  
loamy over clayey s o i l s  which have been improved by drainage 
measures; it covers about ha l f  of t he  cerea l  growing area,  but is 
la rge ly  confined t o  England. 

S o i l  charac te r i s t ics  

Drainage: Mainly imperfectly and moderately well-drained s o i l s  i n  
which drainage is impeded by a r e l a t i ve ly  impermeable sub-surface 
layer  at  moderate depths, which can be p a r t i a l l y  remedied by f i e l d  
drainage. 

Topsoil: Clayey o r  loamy. 



Site characteristics 

Land with level to moderately sloping topography including areaswith 
local depressions receiving water in wet times. Category 2 l a d  
includes fields with a mixture of Categories 1 and 2, and l a d  of 
Category 2 soils with a small but insignificant proportion of 
Category 3 soils. 

Climate 

Excluding areas in which the return to field capacity is befire 
1 November. 

The soil groups in Category 2 are given in Table 2. 

TABLE 2. Category 2: Soil groups 

Argillic pelosols (non-calcareous clays) 
Calcareous pelosols (calcareous clays) 
Stagnogley soils* (clayey, loamy and loamy over 
clayey soils with slow drainage) 

Loamy stagnogleyic and gleyic argillic and paleo- 
argillic brown earths 
Stagnogleyic brown sands (with high organic matter 
content) 
Cambic gley soils (loamy soils) 

* Stagnogley soils with unstable A horizons may be more appro- 
priately downgraded to Category 3. 

Category 3 

Soils on which there is a substantial risk of loss of yield after 
zero tillage, especially of spring-sown crops. This group includes 
sandy soils with low organic matter content, silty soils, many wet 
alluvial soils and clayey soils, it accounts for about 2C% of the 
cereal growing area. 

Soil and climatic characteristics 

i. Clayey and loamy soils: in which the mean date of return to 
field capacity is before November 1; the soil characteristics 
are given in Category 2. 

ii. Other soils: 
Drainage: Excessively well-drained soils and soils affected by 
fluctuating water and/or flooding. 
Topsoil: Mainly sandy and silty soils with low organic matter 
content and some clayey alluvial soils. Problems with con- 
paction can arise which impede root growth and give rise to 
waterlogging on the soil surface. 

Site characteristics 

Land subject to spring lines or other influx of water from higher 
areas which cannot be satisfactorily controlled; also land subject 
to flooding or poorly controlled regional water levels. Steeply 



sloping land with sharp varia t ions  i n  gradient and land with very 
stony patches. Variable f i e l d s  i n  which Catego-ry 3 s o i l s  a r e  mixed 
with Category 1 o r  2 so i l s .  

The s o i l  groups i n  Category 3 a r e  given i n  Table 3 .  

TABLE 3. C a t e ~ o r y  3: S o i l  s o u p s  

Brown sands containing l e s s  than 2% organic matter, 
s i l t y  a r g i l l i c  and paleo-argil l ic brown ear ths ,  
ce r ta in  brown earths,  podzols and gley-podzols 
(sandy s o i l s  with low organic l ra t ter  content and 
s i l t y  s o i l s )  
S i l t y  a r g i l l i c  gley s o i l s  
Alluvial  gley s o i l s ,  brown calcareous and brown 
a l l u v i a l  s o i l s  ( s i l t y  s o i l s  and s o i l s  subject  t o  
flooding) 

Sandy gley s o i l s  (sandy s o i l s )  
Brown podzolic s o i l s  
Gley s o i l s  (poorly d*a- ined s o i l s )  
Stagnogley s o i l s  (poorly drained s o i l s )  and 
calcareous pelosols where t he  re turn t o  f i e l d  is 
before 1 November 

It is not feas ib le  t o  carry out experiments comparing zero t i l l a g e  
with other nethods of cu l t iva t ion  on a l l  s o i l  types. Therefore, 
fu r ther  information both from ex-periments row i n  progress and from 
prac t ica l  experience with zero t i l l a g e  on other  s o i l s  w i l l  be 
needed t o  assess  the  c l a s s i f i ca t ion  proposed i n  this paper. 

Zero t i l l a g e  has only been pract icable  f o r  a few years  a d  as yet 
is  only used f o r  a small proportion of the  cerea ls  grown i n  
Britain. However, t he re  is a rapid t rend away from the  use of t h e  
mouldboard plough, and it seems l i k e l y  t h a t  shsllow cul t iva t ion  
w i l l  become more cormon f o r  cereals. Many fac tors ,  including the  
a v a i l a b i l i t y  of su i t ab l e  d r i l l i n g  machinery, a r e  l i k e l y  t o  influ- 
ence the  extent t o  which zero t i l l a g e  may be practised. The 
prac t ice  might be expected t o  increase with grea te r  incentives t o  
save labour and energy. 



TABLE 4- Ma,jor soil ip.ouvs in U.K. cereal mowinp; areas ant! 
summary of results of experiments comparin~ zero 
tilla~e and ploughing for cmps from 1969-1977 inclusive 

Proportion of cereal Winter mops (a) and Spring crops (bj 
grouing areas 

Dominant Zero t i l l .  No. of No. of Ha. o i  
soil group England 

t Males* Scotland yield 5 of sites experiaent experittents 
ploughing yews 3 years. 

or more 

Brown a1 1 uvial 1.0 1.0 - - - - 
and brown 
calcareous 
a1 luvi a1 soi 1 s 
Alluvial gley 5.0 2.0 93 
soi ls  

Humic alluvial 
gley soi ls  2.0 

Ear thy  peat so i l s  2.0 
Rendzinas 11.0 

Brown sands 4.0 

Brown calca- 4.0 
reous earths 
Broun earths 10.0 

Argilllc brown 9.0 
earths 

Paleoargill i t  4.0 - 97 3 7 2 
brown earths 

Brown podzol i c - 22.0 - - - - 
soi ls  
Gley-podzols 1 .0 - - - - - 
Calcarsous 8.0 - 100 8 29 5 
pelosols 93 4 12 3 

Sandy gley so i l s  1.5 2.0 - - - - 
Cambic gley so i l s  0.5 4.0 - - - - 
Argillic gley soi ls  0.5 - - - - - 
Stagnogley so i l s  36.5 30.0 101 1 7  44 9 

91 a 22 3 -- 

TOTAL 100 100 - - 48 28 125 fA 24 14 

* Proportionate axtmt of soil units of the 1:1,000.000 map of E & Y withln cereal 
grcwtng areas. 

AVERY, B.W. (1973) J. Soil Sci. 24 324. 

C ~ m u ,  R.Q., DAVIES, D.3. et al 1978 Outlook on Agriculture, 
9 No. 6 p. 306. 
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EFFECTS OF STRAW RESIDUES Oh' THE ESTABLISHMENT AND YIELD OF D I W T -  
DRILLED CROPS 

F.B. E l l i s  and J.M. Lynch 
Agricultural Research Council, Letcombe Laboratory, Wantage, England 

ABSTRACT 

The decomposition of straw residues i n  close contact t o  developing 
seedlings, especial ly  under anaerobic conditions, can r e s u l t  i n  
toxins being produced which a re  harmful to  seedling establishment. 
Acetic acid has been ident i f ied  as  an important phytotoxin i n  t h i s  
decomposition. Possible ways of overcoming the problems which can 
a r i s e  with d i r ec t  d r i l l i n g  i n  the presence of straw residues are  
suggested. 

Introduction 

I n  many countries the re turn of crop residues i s  an essen t ia l  
feature  of agr icu l tura l  systems. Advantages of stubble mulch 
farming are  t ha t  i t  reduces erosion of the so i l ,  protects  the  
surface s o i l  against  s t ruc tura l  deter iorat ion from r a i n f a l l  and 
increases i n f i l t r a t i o n  and conservation of water. Despite these 
advantages, McCalla and Army (1961) s ta ted tha t  yie lds  i n  the United 
States  are  of ten reduced, par t icu la r ly  i n  more humid areas.  More 
recent ly  evidence (Cochran, E l l i o t t  and Papendick, 1977) has been 
obtained of reduced y ie lds  of wheat grown d i r ec t ly  i n  stubble 
compared with clean cul t ivat ion.  The magnitude of the decreases 
correlated with increase i n  annual precipi ta t ion,  which i n  turn 
correlated with increased amounts of crop residue from previous 
crops. Because of the v a r i a b i l i t y  of the e f f ec t s  within f i e ld s ,  
depending upon the quanti ty of residues present and the appearance 
of the plants, phytotoxicity was suspected. 

On the continent of Europe many of the s o i l s  i n  the main cereal  
growing areas contain a high s i l t  f r ac t ion  and a low organic matter 
content. Return of crop residues i s  therefore of ten desirable,  
and t o  encourage rapid decomposition the residues are  incorporated 
i n t o  the s o i l  as soon as possible a f t e r  harvest. I n  Britain, 
however, more than 40 per cent of the main cereal  growing areas a r e  
c lay so i l s ,  with more than 3 per cent organic matter content 
(Cannell u, 1978). These s o i l s  a r e  most s u i t e d ' t o  winter 
cropping and to  maxirnise the area sown, d i r e c t  d r i l l i n g  has many 
advantages. Early experience with d i r ec t  d r i l l i n g  revealed tha t  
severe mechanical and pest  problems could a r i s e  i f  straw residues 
were present and i t  was recommended tha t  they should be burnt. 
Experiments had shown, on a range of s o i l  types, t h a t  the method of 
straw disposal on land which had been t r ad i t i ona l ly  cul t ivated did 
not a f f ec t  crop y ie ld  when adequate allowance was made f o r  the return 
of nutr ients .  Returning straw t o  land over long periods increased 
the organic carbon by l e s s  than 0.2 per  cent (Short, 1973). Plough- 
ing  of straw i n t o  the s o i l  was therefore not so much a method of 
improving s o i l  f e r t i l i t y ,  but the most convenient method of disposing 
of unwanted material .  Increases i n  y ie ld  can however be obtained by 
the annual addit ion of straw on s o i l s  with poor s t ruc tura l  qua l i t i e s  
and inherently low organic matter content (Johnston, 1979). 



I n  England and Wales more tlzan 4G per cent of the t o t a l  straw i s  
surplus to  farm requirements (Rughes, 1979). A high proportion of 
t h i s  surplus, i r respect ive of cul t ivat ion treatment, has therefore 
been burnt (Table 1). Besides removing the straw quickly and 
economically burning can increase the s t a b i l i t y  of aggregates close 
to  the s o i l  surface (Douglas, 1977) and the moisture content of the 
surface s o i l  can be lower (El l is ,  Douglas & Christian, 1977). These 
changes can be very important i n  minimising the poss ib i l i ty  of seed 
being placed by d i r ec t  d r i l l i n g  machines, par t icu la r ly  those with a 
t r i p l e  d i sc  furrow opener, i n t o  a smeared s l o t  i n  close contact with 
decomposing straw. 

TABLE 1. Straw disposal i n  the f i e l d  i n  England and Wales. Mean 
r e s u l t s  f o r  1976 and 1977 (Data from Rughes, 1979) 

% of t o t a l  area 

It i s  important to note tha t  any long term changes i n  s o i l  physical 
conditions resu l tan t  from d i f fe ren t  methods of straw disposal are  
l i k e l y  to  be comparable t o  the changes which can occur when land i s  
direct-dr i l led ra ther  than ploughed o r  deeply cul t ivated.  

Straw residues and crop establishment and yield  

The advantages of burning have been c l ea r ly  demonstrated by experi- 
ments on 5 of the Ministry of Agriculture, Fisheries and Food Ekperi- 
mental Husbandry Farms during the period 1974-77 (Oliphant, 1978). 
Snaller y i e ld s  of winter wheat, especially a f t e r  d i r ec t  d r i l l i ng ,  . 
were obtained when straw was present. The magnitude of the reduc- 
t ion  i n  y ie ld  was grea tes t  when the crop was established i n  wet 
conditions. A t  one s i t e  with a high clay content, d i r ec t  d r i l l i n g  
and chopping and spreading the straw resulted i n  reductions of y ie ld  
of 71, 17 and 39 per  cent i n  1974, 1975 and 1976 respectively 
compared with burning. The autwnn rainfall during the period August 
t o  November i n  the years when these crops were sown was 124, 60 and 
119 per  cent of the long term average. Yield reductions were 
associated with poor and var iable  plant establishment. 

Similar r e su l t s  (Table 2) have been obtained i n  experiments a t  
Letcombe Laboratory where par t icu la r  emphasis has been devoted t o  
ascertaining the reasons f o r  the poor establishment and i n a b i l i t y  of 
the crops to  adequately compensate f o r  the lower plant  populations. 
It i s  of course i n  wet autumns, when removal of straw and stubble i s  
most d i f f i c u l t ,  tha t  the timeliness advantages of simplified methods 
of cu l t iva t ion  f o r  establishing winter cereals are  most valuable. 
There i s  moreover only a short  period between harvesting one crop 
and establishing the next. The problem i s  dramatically d i f fe ren t  
where spring cropping i s  adopted. 

A common charac te r i s t ic  of many s tud ies  has been tha t  e f f e c t s  from 
the presence of the residues are  observed very ea r ly  i n  the estab- 
lishment of the crop. Plant nwnber i s  of ten decreased e i t h e r  as a 
consequence of poor germination or, more frequently, death of 
seedlings short ly  a f t e r  emergence. Many of the symptoms, over- 
winter stand loss ,  l e s s  t i l l e r i n g ,  shortened internodes, spindly 



stems, iaaves corkscrewing, leaf yellowing a d  shrunken grain  and 
small heads (see review by ELliott,  McCalla and Waiss, 1978) 
resemble nitrogen deficiency. They have not been corrected, 
however, by nitrogen applications (Davidson & Santlemann, 1973; 
Kimber, 1973). Immobilisation of s o i l  nitrogen, a t  l e a s t  f o r  a 
temporary period, may be expected when straw decomposes because of 
the very high r a t i o  of carbon to  nitrogen (c 80 : 1 )  i n  i t  compared 
with the decomposing micro-organisms (c 5 : 1). Howeve-, lack of 
nitrogen appears an unlikely explanation f o r  the observed symptoms 
because of the ear ly  stage of plant  development when f i r s t  observed. 
A much more l i k e l y  explanation i s  e i t he r  t o k c  compounds leaching 
from crop residues o r  microbial production of toxic compounds during 
residue decomposition. There i s  extensive l i t e r a t u r e  on this subject  
but many of the experiments have been carr ied out under laboratory 
ra ther  than f i e l d  conditions (see reviews by Lynch, 1976 and E l l i o t t ,  
McCalla & Waiss, 1978). 

TABLE 2. Effect  of method of straw disposal on yield  of winter 
wheat. Results obtained i n  1978 

I 

Triple disc) 33.8 
Single disc) 1 8.1 

Straw 
treatment 

Microbial production of phytotoxins from plant  residues 

I n  the wet autumn of 1974 decomposing straw taken from d r i l l  s l o t s  
i n  the  f i e l d  was macerated i n  s t e r i l e  d i s t i l l e d  water and the e f f ec t  
of t h i s  suspension on the germination of barley seeds was invest- 
igated.  No discernible differences i n  the r a t e  of rad ic le  emergence 
were observed but a f t e r  6 days there were marked differences  i n  root 
and to  a l e s s e r  extent shoot growth compared with control  plants  
 a able 3).  

Aarrow 
opener 

Chopped & spread 
a )  l e f t  i n  s i t u  I Triple d i sc  
b) disced 1 Siqgle disc  
c )  rotavated 1 Single d i sc  

TABLE 3. Effect of decaying straw on the development of barley 
seedlings. Mean r e s u l t s  f o r  10 plants  (Data f r o m  Ellis, 
Barber and Graham, 1975) 

I 

Soi l  water content 
a t  d r i l l i n g  (0-5cm) 

% v/v 

[The burnt area  was sown two days e a r l i e r  than where the straw had 
been chopped and spread. During the in t e rva l  0.75 mm of r a i n  f e l l ]  

44.2 
41.8 
35.2 

Total length of seminal roo ts  (mm per  
p lan t )  76.9 11.6 

Total dry weight, excluding seed coat 
(g per  p lan t )  0.115 0.062 

root  dry weight 
Ratio: shoot dry weight 1.16 0.72 

Yield of grain  
( t /ha-85% 
dry matter)  

3.8 
5.4 
4.6 

Number of seminal roots  per  plant  

Gontrol 

5.8 

S t r a w  residue 
present 

6.0 



Subsequent laboratory work has been carr ied out t o  i den t i fy  the 
toxins responsible. There i s  a vas t  range of products which could 
a r i s e  from the microbial decomposition of plant  residues. However, 
i n  order f o r  them t o  be of p rac t ica l  significance, they must be 
produced and maintained i n  concentrations which are  biological ly  
act ive under normal f i e l d  conditions. They must also be act ive i n  
the form i n  which they na tura l ly  occur and this usually means tha t  
they should be water soluble. 

I n  reviewing the extensive l i t e r a t u r e  on phytotoxicity, Lynch (1976 ) 
concluded tha t  a l ipha t ic  acids  which a r e  v o l a t i l e  i n  steam (acetic,  
propionic and butyric) appeared t o  be the most l i k e l y  substances 
responsible. Work i n  both defined microbial cul ture  media (Lynch, 
1977) and i n  s o i l  (Lynch, 1978) supported this. Whereas straw 
degraded more rapidly i n  the presence of oxygen there  was l e s s  
accumulation of soluble carbon products. I n  anaerobic fermentation 
69% of the soluble carbon was accounted f o r  as  organic acids, the 
major component of which was ace t ic  acid. The concentration of 
ace t ic  acid (15 mM) i n  this experiment reduced the root extension of 
barley seedlings t o  75% of tha t  of untreated plants.  This concen- 
t r a t i o n  was shown to  have inh ib i t ing  e f f ec t s  upon root growth of a 
wide range of species, including clover, wheat and seed rape. The 
decomposition of d i f f e r en t  plant  residues produced s imilar  concen- 
t r a t i ons  of ace t ic  acid when decomposing under anaerobic conditions. 

Lynch (1979) found that the concentration of ace t ic  acid 1.5 cm away 
from a continuous layer  of straw i s  only about half t ha t  immediately 
adjacent t o  it. These f indings would explain why the e f f ec t s  a r e  
grea tes t  when straw and seed are  placed i n  close contact i n  an 
anaerobic environment, and t h a t  they a re  observed mainly i n  the ear ly  
stages of straw decomposition. With d i r ec t  d r i l l i n g  this would 
mean, therefore, that decomposition became act ive 2-3 weeks a f t e r  
sowing and incorporation of the straw i n t o  the so i l .  This time 
in t e rva l  coincides with that a t  which tox ic i ty  symptoms usually 
become evident. During that period ce l lu los ic  components, which 
are  the pr incipal  substra tes  f o r  the formation of a l i pha t i c  acids 
a r e  being decomposed. 

I n  aerobic conditions ace t i c  acid i s  used i n  microbial resp i ra t ion  
whereas when the oxygen supply i s  diminished the acid serves as  a 
substra te  f o r  the  formation of methane. Thus the extent t o  which 
i t  accumulates i n  the s o i l  i s  a function of the s o i l  redox 
potent ia l .  The formation of ace t i c  acid i s  a lso associated with a 
lower pH and the solubi l izat ion of i r o n  and manganese. 

Fungal colonisation 

A common charac te r i s t ic  of many observations of poor crop establish- 
ment a f t e r  di rect-dr i l led i n  the presence of straw was that death of 
seedlings occurred a t  about the  time they became photosynthetically 
independant o r  sometimes ea r l i e r .  In some instances, however, 
death of seed before geminat ion was a contributory fac tor .  An 
explanation of this could be the increased fungal colonization on 
the seed with the consequent lowering of oxygen a v a i l a b i l i t y  t o  the 
germinating seed (Lynch & Pryn, 1977). 

Possible methods of overcoming the harmful e f f ec t s  of straw on 
direct-dr i l led crops. 

The highly var iable  e f f ec t s  of straw residues on direct-dr i l led 



crops make i t  most d i k e l y  tha t  any simple method of a l lev ia t ion  
w i l l  be appropriate, except perhaps the complete removal by bwlring. 
Besides being the most economic method of removing the straw and 
eliminating any mechanical and toxin problems there  are  other  
advantages t o  burning. These include:- 

a )  So i l  s t ructure  i s  not damaged a f t e r  harvest by machinery which 
i s  necessary t o  co l l ec t  and remove straw from the f i e l d .  

b) Volunteer cereal  and weed seeds, especial ly  black grass  ' 
f.U~pecurus rnyosuroides) and wiid oats  ( ~ t e n a  spE)-may be 
destroyed o r  encouraged to  germinate. 

c )  Slugs can be l e s s  numerous. 
d )  The incidence of diseases can be reduced. 

Despite these considerable advantages i t  may not be possible o r  
desirable  t o  burn because of weather conditions o r  the need t o  
conserve straw. f i r themore ,  i n  some areas a low organic matter 
content of s o i l  may make i t  undesirable to  burn the straw but 
d i r ec t  d r i l l i x  on such s o i l s  i s  l e s s  l i k e l y  t o  be as  sa t i s fac tory  
as more t r ad i t i ona l  forms of cu l t iva t ion  (Cannell eal, 1978). 
There i s ,  therefore, considerable incent ive to  invest igat ing 
possible methods of successfully es tabl ishing crops with minimum 
o r  no cu l t iva t ion  before d r i l l i n g  e i t h e r  i n  the presence of the 
t o t a l  straw residues from the previous crop, o r  when the stubble 
i s  l e f t  a f t e r  the cut straw has been removed. Possible methods 
include :- 

1) Improveme~ts i n  d r i l l  design which cause g rea t e r  s o i l  
disturbance and which prevent seed and straw being placed i n  c lose  
contact. In t h i s  connection i t  i s  important t o  note that when 
crops were direct-dr i l led i n t o  s o i l  over la in  with straw, p lan t  
establishment was poorer than when the  straw was removed before 
d r i l l i n g  but replaced immediately afterwards. 
2 )  Chemical methods, such as  the dusting o r  pe l le t ing  of seed with 
lime t o  increase the pH i n  the immediate environment of the seed. 
(Lynch, 1978). 
3) Use of chemicals t o  change the r a t e  of decomposition of straw 
so that toxins are  not produced a t  the time when seedlings a r e  
most vulnerable. 
4) Application of fungicides t o  seed to  reduce fungal damage. 

A s c i e n t i f i c  understanding of the causes of the adverse e f f e c t s  i s  
only recent ly  becoming available.  Consequently, many of the 
po ten t ia l  methods of mitigation a r e  the subject  of current experi- 
ments both i n  the  laboratory and the f i e l d .  The r e s u l t s  of these 
experiments should enable prac t ica l  recommendations on methods of 
overcoming the problem, o r  a t  l e a s t  minimise the r isks ,  t o  be made 
i n  the future.  
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