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ABSTRACT 

F i e l d  e x p e r i m e n t s  w i t h  s p r i n g  sown b a r l e y  have shown t h a t  t h e  d e p t h  
o f  c u l t i v a t i o n  c a n  be  reduced on most o f  t h e  Danish  s o i l  t y p e s .  On 
sandy s o i l s  t h e  p lough ing  t o  20-25 cm d e p t h  can  be  r e p l a c e d  by s h a l -  
low t r e a t m e n t s  t o  8-12 cm dep th .  Green manure i s  u s u a l l y  f a v o u r a b l e  
on sandy soi1s:On sandy loam p lough ing  t o  20-25 cm d e p t h  g i v e s  t h e  
h i g h e s t  s i g n i f i c a n c e ,  and r o t a v a t i n g  o r  ha r rowing  t o  l o  cm d e p t h  
g i v e s  a  d e c r e a s e  i n  y i e l d  o f  2.1-3.0 hkg b a r l e y  p e r  h e c t a r e .  On sil- 
t y  loam s h a l l o w  t r e a t m e n t  and g r e e n  manure u s u a l l y  are f a v o u r a b l e .  
Reduced c u l t i v a t i o n  and g r e e n  manure grown a s  a  second c r o p  i n  t h e  
autumn d e c r e a s e  t h e  l e a c h i n g  o f  n i t r o g e n .  

INTRODUCTION 

I n  Denmark s p r i n g  sown b a r l e y  was grown on 1.6 mio. h e c t a r e  i n  1978 
o r  54  p e r  cent o f  t h e  t o t a l  farmland.  B a r l e y  is f r e q u e n t l y  grown as 
monocul ture .  B a r l e y  is sown i n  A p r i l  and h a r v e s t e d  i n  August. With 
t r a d i t i o n e l  c u l t i v a t i o n  sys tems  s t u b b l e  t r e a t m e n t  and weed c o n t r o l  
a r e  c a r r i e d  o u t  i n  t h e  autumn, and i n  November t h e  s o i l  is  ploughed 
t o  20-25 cm d e p t h .  The s o i l  s u r f a c e  is uncroped f o r  8  months o f  t h e  
y e a r .  

Farmers a r e  i n t e r e s t e d  i n  reduced o r  p l o u g h l e s s  c u l t i v a t i o n ,  though 
v e r y  few f a r m e r s  p r a c t i s e  it. Many f i e l d  e x p e r i m e n t s  w i t h  s p r i n g  
b a r l e y  a r e  e s t a b l i s h e d  d u r i n g  t h e  l a s t  4-6 y e a r s .  Direct d r i l l i n g  
f o r  s p r i n g  b a r l e y  is o f  v e r y  l i t t l e  i n t e r e s t .  

PLOUGHLESS GROWING OF BARLEY 

Reduced d e p t h  o f  c u l t i v a t i o n  is n o t  p o s s i b l e  by u s e  o f  t h e  mouldbord 
plough. I t  r e q u i r e s  new t y p e s  o f  implements  a n d  new e x p e r i e n c e s  how 
t o  u s e  them. I n  Danish e x p e r i m e n t s  t h e  r o t a v a t o r  is o f t e n  used.  

I n  t a b l e  1 t h e  t r a d i t i o n e l  t i l l a g e  w i t h  p lough ing  t o  20 cm d e p t h  is 
compared w i t h  s h a l l o w  p lough ing  t o  1 2  cm and r o t a v a t i n g  t o  6-8 cm. 
The t r e a t m e n t  h a s  been t h e  same d u r i n g  5 y e a r s .  



Table 1 Depth of  ploughing and rotav 'at ing.  
Yield of bar ley  i n  hkg per hec tare .  

Sand Sandy S i l t y  Average 

10 ex. loam loam 1974-78 
l o  ex. 5  ex. 25 ex. 

Ploughing 20 cm 31 .o 42.8 49.8 39.3 
Ploughing 12 cm 30.2 41.6 50.7 38 -8  
Rotavating 6-8 cm 30.3 39.8 50.6 38.2 

Shallow ploughing and r o t a v a t i n g  have given a  non s i g n i f i c a n t  de- 
c rease  i n  t h e  y i e l d  on sandy . so i1  and an i n c r e a s e  on s i l t y  loam. Ro- 
t a v a t i n g  on sandy loam has  given a  decrease  i n  y i e l d  of  300 kg bar ley  
per  hec ta re .  A s  an average of  5 f i e l d  t r i a l s  i n  5 yea r s  t h e  ro tava-  
t i n g  t o  6-8 cm gives  a  y i e l d  decrease  o f  110 kg per  hec tare .  

P o r e d i s t r i b u t i o n  a f t e r  four  y e a r s  ploughinq and r o t a v a t i n q  

0 I c  20 30 40 50 76 

Depth >30 pm 30-0,2 (un <072 W 
Ploughing 

5-10 cm 
Rotavat ing 

Ploughing 
15-20 cm Rotavating 

I A i r  Water 

Rotavating t o  6-8 cm depth has reduced t h e  po ros i ty  and t h e  a i r  con- 
t e n t ,  bu t  t h e  water con ten t  is nea r ly  t h e  same. 

I n  1968 experiments with reduced c u l t i v a t i o n  inc lud ing  d i r e c t  d r i l -  
l i n g  were s t a r t e d  on 3 s o i l  t ypes  with s p r i n g  sown bar ley  a s  mono- 
c u l t u r e .  For d i r e c t  d r i l l i n g  t h e  r i g h t  implements were not  a v a i l a b l e .  
So minimum t i l l a g e  s i n c e  1972 has been one passage with r o t a v a t o r  t o  
max. 5 cm depth j u s t  before  sowing i n  sp r ing .  Table 2 demonstrates  . 
t h e  y i e l d  r e s u l t s  from t h e  l a s t  6  years .  

Table 2 D i f f e r e n t  c u l t i v a t i o n  systems s i n c e  1968. 
Yield i n  hkg ba r l ey  7973-78 

Yield i n  hkg Re la t ive  

sand sandy s i l t y  sandy s i l t y  
loam loam Sand loam loam 

P1. Ploughing 20 cm 39.5 42.7 44.7 l o o  100 100 
Ha. Harrowing 10 cm 38.8 38.0 43.5 98 89 98 
Ro. Rotavating 5 cm 38.1 36.1 43.3 96 85 98 



The s h a l l o w  t r e a t m e n t  by ha r rowing  t o  10 cm d e p t h  and r o t a v a t i n g  t o  
5 cm d e p t h  j u s t  b e f o r e  sowing gave a y i e l d  d e c r e a s e  o f  11 and 15 p e r  
c e n t  r e s p e c t i v e l y  on t h e  sandy loam s o i l .  On s i l t y  loam and sandy 
s o i l  t h e  reduced  c u l t i v a t i o n  g i v e s  a n o n - s i g n i f i c a n t  y i e l d  d e c r e a s e  
o f  2-4 p e r  c e n t .  

Tab le  3 D i f f e r e n t  c u l t i v a t i o n  s y s t e m s  s i n c e  1968. 
P o r o s i t y ,  o rg .  Matter, Potass ium Value. Rsnhave 1978 

P o r o s i t y  Humus Po tass ium v a l u e  
p e r  c e n t  p e r  c e n t  mg K/loo g r .  s o i l  

0-10 10-20 0-10 10-20 0-10 10-20 
cm cm cm cm cm cm 

P1. 2c  cm 46 40 2.20 2.20 1 6  1 7  
H a . l o c m  45  39 2.36 2.15 21 12  
Ro. 5 cm 4 9  38 2.63 2.24 21 I5 

Reduced c u l t i v a t i o n  g i v e s  a r e d u c t i o n  i n  t h e  p o r o s i t y  and a n  i n c r e a s e  
i n  o r g a n i c  matter and po tass ium va lue .  

Root measurement from t h e  same e x p e r i m e n t s  is shown i n  t a b l e  4 .  

Tab le  4 D i f f e r e n t  c u l t i v a t i o n  s y s t e m s  s i n c e  1968. 
Root l e n g t h  i n  b a r l e y  1978 cm/d 

Depth Sand Sandy loam S i l t y  loam 

cm P1. Ha. Ro. P1. Ha. Ro. P1. Ha. Ro. 

S o i l  s a m p l e s  f o r  r o o t  measurements were t a k e n  a t  t h e  e a r i n g  i n  June 
1978. Reduced c u l t i v a t i o n  g i v e s  a t endency  t o  more d e n s e  and d e e p e r  
r o o t i n g .  

STRAW AND GREEN MANURE AS A SECOND CROP 

I n  b a r l e y  growing t h e  s o i l  is uncropped f o r  8 months o f  t h e  y e a r ,  and 
i n  t h a t  p e r i o d  t h e  e x c e s s  o f  p r e c i p i t a t i o n  is 200-400 mm. T h i s  g i v e s  
r i s k  o f  l e a c h i n g  o f  p l a n t  n u t r i e n t  and d e g r a d a t i o n  o f  s o i l  s t r u c t u r e .  
I n  t h e  e x p e r i m e n t s  w e  t r y  t o  p r o t e c t  t h e  s o i l  a g a i n s t  d e g r a d a t i o n  by 
means o f  straw mulching o r  by sowing White Mustard as a second  c r o p  
i n  combina t ion  w i t h  reduced  c u l t i v a t i o n .  

The effect o f  g r e e n  manuring w i t h  White Mustard and c u l t i v a t i o n  o v e r  
5 y e a r s  a r e  shown i n  t a b l e  5 .  



Table  5 E f f e c t  o f  g r e e n  manuring and c u l t i v a t i o n  
Yie ld  i n  hkg b a r l e y  p e r  h e c t a r e  1974-78 

Sand Sand i r r .  Sandy loam S i l t y  loam' 

P1. Ro. P1. Ro. P1. Ro. P1. Ro. 

S t u b b l e  t r e a t m e n t  23.1 23.2 41 - 4  42.6 4 8  45.3 51.3 51.6 
Green manuring 24.1 24.2 44.2 42.8 47.5 45.4 52.8 53.1 
(White Mustard) 

R e l a t i v e  

S t u b b l e  t r e a t m e n t  l o o  l o o  100 103 l o o  94 l o o  101 
Green manuring 104  105 107 103 99 9 4  103- 104  

On sandy s o i l  and on s i l t y  loam s o i l  t h e  White Mustard g i v e s  a y i e l d  
i n c r e a s e ,  b u t  a d e c r e a s e  on t h e  sandy loam s o i l .  R o t a v a t i n g  t o  5 cm 
d e p t h  on sandy loam shows a s i g n i f i c a n t  y i e l d  d e c r e a s e .  Up t o  now no 
d i f f e r e n c e  i n  s o i l  s t r u c t u r e  h a s  been demons t ra ted .  

Tab le  6 shows t h e  r e s u l t s  o f  4 y e a r s  exper iments  wi th  s t r a w  mulching 
and g r e e n  manure of White Mustard on s i l t y  loam s o i l .  

Tab le  6 S t raw,  White Mustard and c u l t i v a t i o n  d e p t h .  
Yie ld  i n  hkg b a r l e y  p e r  h e c t a r e .  Hrajer 1975-78 

Plough- Shal low R e l a t i v e  
i n g  t r e a t m e n t  Plough- Sha l low 

20 cm 8-10 cm i n g  t r e a t m e n t  

S t u b b l e  t r e a t m e n t  49.6 49.0 l o o  99 
S t raw 48.3 45.7 97 92 
Green manure 51.5 45.4  'I 0 4  9 2  
S t raw + green  manure 48.5 43.8 98 88 

St raw mulching on t h i s  s o i l  t y p e  g i v e s  a y i e l d  d e c r e a s e ,  and t h e  
g r e e n  manure a s  a second c r o p  g i v e s  a y i e l d  i n c r e a s e  a f t e r  p l o u g h i n g ,  
and a y i e l d  d e c r e a s e  a f t e r  s h a 1 l . o ~  t r e a t m e n t .  

REDUCED CULTiVATIGN AND NITROGEN LEACHING 

S o i l  c u l t i v a t i o n  h a s  g r e a t  i n f l u e n c e  on t h e  n i t r o g e n - b a l a n c e  i n  t h e  
s o i l  and t h e  r i s k  o f  n i t r o g e n  l e a c h i n g  below r o o t  dep th .  Leaching o f  
n i t r o g e n  is a l o s s  i n  t h e  fa rming  sys tem and i n c r e a s e  t h e  r i s k  o f  
p o l l u t i o n  o f  d r a i n w a t e r  and groundwater .  

By means of a s u c t i o n  t e c h n i q u e  s o i l  water is e x t r a c t e d  from 20  cm, 
40 cm, 60 cm and 8 0  cm d e p t h .  Ni t rogen  c o n t e n t  is measured o n e s  a 
week i n  t h e  p e r i o d  October-Apri l .  The c o n t e n t  o f  n i t r o g e n  i n  t h e  
s o i l  w a t e r  a f t e r  d i f f e r e n t  s o i l  t r e a t m e n t s  is demons t ra ted  i n  t h e  f i -  
g u r e s  on t h e  f o l l o w i n g  pages .  

By e s t i m a t i n g  t h e  w a t e r  b a l a n c e  it is p o s s i b l e  t o  c a l c u l a t e  t h e  n i -  
t r o g e n  c o n t e n t  and n i t r o g e n  l e a c h i n g  i n  kg p e r  h e c t a r e .  

Tab le  7 shows t h e  l e a c h i n g  o f  n i t r o g e n  below 80 cm d e p t h  on s i l t y  
loam s o i l  f o r  t h e  w i n t e r p e r i o d s  1977-78 and 1978-79. D i s c h a r g e  t h e  
first y e a r  was 400 mm and t h e  second y e a r  200 mm. By s t u b b l e  t r e a t -  
ment fo l lowed  by p loughing  t h e  l o s s  o f  n i t r o g e n  was 39 kg p e r  h e c t a r e  
and from u n t r e a t e d  p l o t s  t h e  l e a c h i n g  was 1 7  kg N p e r  h e c t a r e .  St raw- 
mulching p l u s  g r e e n  manure p r o t e c t  n i t r o g e n  a g a i n s t  l e a c h i n g ,  and t h e  
l o s s  o f  n i t r o g e n  was o n l y  8 kg and 3 kg r e s p e c t i v e l y  t h e  two y e a r s .  





Content  o f  Nit roqen  i n  S o i l  Water ,  H ~ j e r  1978-79 

Ploughing 
PP" H03-4' 

St raw 
, q ?  @3-N 

U n t r e a t e d  
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ND TB UAGE SYSTEM IN CROP ROTATBGM S&RR BEET - WINTER &HEAT - 
5 ?i m o n J, Department of Field Plants Ecologyo Research E f i  

Rodudiong Prague - 63Lozym9 GzechosPovakia 

&'BRACT 

Experiments d t h  cultivation of cereals under zero-till@ 

slovakia proved that the new technology w a s  suitable for rinks 

after a gocd foe--crop, on f s t i l e  soils  of a l l  types except of 

Without undergoing the r i s k  of yield decrease, spriw Barley r 

ted under zero-tillage conditions mostly i n  relatively dry r 

country on well stsucklared soils, its sufficient yields being 

Power yields 08 the for-crop and higher &rates. Growing cerea 

i n  zero-tillage system has not provided eqbdi~ralent results as 

tivation did. T h i s  has been connected with weed infestation, s 

incidence, strwcturaF as well as physical properties of the ae 

Owing to diverse soil climate a d  weather coditions oft t h i s  

ting results are being achieved a d  yield stabil i ty i w  cereals 

red * 

B MRODLaTTPOB 

Intensive technical development a d  chmization i n  agric 

considerable influence also on mtMs of soil cultivation. Th 

cbslovakia a series of field e ~ w i w e n t s  auas established for 

e m  t i l lage as well as zero-till age system in various field cr 

Tkis paper gives iwfomtion on some ~rsu%ts obtained from men 

Experimental f ields &re situated on grey brawn podzolic 
ble layer well supplied by nutrian&s,~hmus eontent 2 $Z9 pH 
tuation oftbe locaPi&: h t i twie  50 O+, longitude 14'd, 3% a 
Lwg-tersn average a i r  tempwatram 7$9 Cy dur ing  the ve&tation 
Lo~-tart% awemge of yearly rainfall 517~3, during the vegetat 
m, average duration of w n s b  1750 Slss per p a r *  

Experimental plots were into following mop rotati  - *inter wheat - spring barleye Soil cultivation i n  individual 
l o u g h i ~ ,  ueederp l~hiw the ma 
Q per crop rotation), ploaaghi 

sw direct-drilled by mans of 
drilling machine 2MeB&I1-850, Sail cultivation in  t h i s  cgcp r 
iiiodicatd ZB (~ero-ti 'd8age)~ 

in the c ~ z *  
wheat gmm 

et  regions. 

be cul tiva- 

ions of t h i s  

npensated by 

sequential 8y 

nventiowal earl- 

t and foot apt 

ae layer e t ~ r  

untry fluchua- 

amot be ensea- 
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efore, i n  C z e  

examine mini- 

s 1&8,'84,85). 
o& wpsji- 

oil, t e t e g m  
% )  = 6,8, Si- 
re sea lev81 
w i d  lqg3 6 
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Experimental wriantsr 

@PT;P Culjtivar 
Fertilizing 

F% F2 

Sugar beet Dobmvickh A (&ITB)  0 0 0 3  3 56 200 
~ b ~ ~ i ~ i d  t &v2) o ~0 19 ao 

L 

Spring barley Favorit 1 0 40 a 8 'a 
Rapid of2) 0 4Q 820 

!n paraIle& w i t h  the described experiment a simila,! ezperimeolfi took place 
:vtth p a r l y  soil cultivation (indicated as  ploughing system - F'S: stubble plow- 

%- pXo&!ghing for cereals up to  22 rm, for sugar beet up 89 28 pi11 ~ t h f f o b  
h i n g  m p  rotationg horse bean, winter wheat, sugar beet, spring &eat,sp?ing 
barley* Experimental variants, inclusive of' manure and PK supply as avel'8 as mil- 
tivation measuwss WsBe equal in  both experimentso ' k t h e r  wtx!itions i n  expri -  
wntal prs  \cithin the peo"iod &wi8 - J u b  were as $dIowsr 
Rriafallr 1976 - :54,9 m; 1977 - 244 5 man; 1918 -. 9 , O  mo 
Averzge a i r  tmparatum s 9976 - 1 4 ~ 9 ~ ;  157 - 82,1 C; 1978 - 93 $6 
RESULT5 

Arne rema", sf experime3ts are samarize6 i n  Tables B - 5+ f t  >has Bo be 
nut&, that results of observations, especially cmp yields of P976 differ& ce -  
siderably fm t b s e  of other years "s0 Pa relativelqa dry weather of 1936, name- 
ly  in  its sumer m e n t h  

Data on growth and biomass prdcsctim in  ainZw sheat shoued that gmater 
differences in  plant height &as much as 20 m] existed between individual ways 
of soil cilltivation a t  the begmirg of the vegetation period 6 the secod half 
of Gay? than p i e r  t o  t h e  harvest, Befwe tb Pevest, t he  differences WBB di -  
minished up t o  3-5 m and FO aa i n  6U m-ferti l ized and !-SerDi'8ia@id variaeasts, 
mspeceivelj., in the course of vegetation period alse differences i n  leaf WE- 
ber were stated between variants with cowventionzi? cultivztior~ and z e m t i l l a -  
gee bder  zewt i l l age  plants of winter wheat a& spring barley produced the ma- 
x i m  leaf ~wr;$es later thm plants i n  conventia3 cultivation. I n  variants with 
zer@cillage, Wever, grain yield of ee~ea l s  was in  no rnlatioaa to  the Beaf 
number per plant, 

From data on d r y m a t t e r  pwduction of ove~mernd biomass i n   inter aka% 
and spring barley during tb vegetation period it para;" be deduced, that cereals 
are able t o  prcduce e ~ i v a l e n t  munts of b i w s s  under torditicns of z m d i -  
illage as i n  conventional wltivation, k mpared w i t h  co,wentional method& 
-fer t i l iz iw i n  zwo-til?age systw pmduced g i rdek  effect on biomass pmduc- 
tion of cmpsc The cereal s t a d s  in ze r~ t i i i l age  variants which produced ma- 
Jet- amunts of overground biomass i n  spring, were mostly not able to wwpnsa- 
t e  the difference against conventional cultivation i n  the cawsa of Bwtkrw- 
getation, 

hlFi? agmn&c crop 9 e l d s  i n  the course of the experimental pe r id  
demonstrated Table 1) thats i n  comparison with p7ocsghia3g up to  88 a, deep S- 
i l  cultiuadztion (up to  28 an) does not lead to  highest mt pields i n  sugar beeto 
gt ms proved, however, that timely deep autumn ploqking is able PB ensew ma- 
a$wm yields rather i n  years with extreme weather conditons (39% and 1977). 

Table 3 g i v i n g  gains in  agrctnmic yields i n  the exprimnGaP pe r id  dewm- 
strates that s ~ l l ~  soil cultivation resulted In yield depression of swgar bed  
by W%m T k  influence of warisus hea tes  on sugar beet yield  as negligible, 
even in variants with limited ploughing depth* 

The effect of soil c~ l t iva t ion  m grain yield of winter wheat fluctuated 
i n  individual years, Bn average of two experimental years, however, a slight 



tem3ency was cbsm& to higher grain yields under zero-tialag 
difference wainst t e variant rdith ronvmtioaa*r cultivation a -9 amuntinag 0 , 3  t h a  a & w resu1P of i"d-.fartilizirg, gmio $e 
wheat increased by IiiO-40% a& 24% i n  z e r w t i l i ~ e  and cowenti 
respectivelyo la?: spring barley? the t h e e  years average s b k v ~ !  
w t & ] 8 9 e  grain yie3ds in  spring barley decreased by 1,08 t , h  
teha rw n ~ w f w t i l i z d  a d  i n  the aaerSg8 of kbfoa'ti~izm! va 
tively. Ws a result of 120 kg i%,bW6 supply under zero-ii81age 
g e l d  w i t h  spring barley increased by iY3-3Q% while after pietg 
ase due to fertilizing was abed 10% 

Coaasi.derirg the effect of the cultivw on ckop yields slrd 

ailtivation systems {Table 4) it was conc2uded that i n  sugar b 
higher mt yields were produced by Dobb~vick5 A; irrespective 
soil cultivation the yields of Dobrovfck6 C were 3air~er by 15% 
under zwc+tillage, cv, i H jirovka p~oved slighky more yieldiag 
mental yess ,  In connrentional cultivation the d f e d  of cuitfv 
was fluctuable, e'nough i n  averee of all  the experirnenta3 per3 
higher i n  the cuYtZmr Sljihvka, baes  both variants of soil 
spring varley c v ~  Favorit was i n  the avesge mre prcdudive P 
eiiffe..enc@ being mare considerable in  variants ufifh mm~ention 

ha lys i s  of yield structwe i n  w i n t e r  wheat showed ihzf P 
Base in grain yield after conventioml ewltivation was caused 
sw ear w h w  per area u n i t ,  Enn'e2sed ,p$n -yie?cis i n  spring 
iw-tillage in '89% were achieved due to higher gmin mabek pe 
r e a s  amunted 0,6 and 2,O grains i n  cu?tivars Vl and resp 2$ subsequent experimental years iwcaeased grain yields i n  cowen 
vat& spring barley were caused not only by i?igiasr grain W L ~ ~ E .  

bat also ear n d w  (197S)B Thousand kerns3 @eight izn cereals 
calfy i~d'luenced by different soil caltivation [see Table 2), 

~h~lproport ion of greater seeds (oils- z2,5 m] i n  winter w 
@ N . b  rate dsoped i n  the cu3tivw V and V2 by 20 % a& 5 : 
irrespective 03 Pie way of sail c u ~ t i v a l i o n ~ ~ n  sprirg barley: 
supply reduced consldemb3y the preportion of ss&-.%ize over 2 
25 - 27 % and 47 - 53 % in "ie erultivws !# and V3,pspec-?ivel, 1 
dency to  further reduction by cwventioval m'2iiv~3hon was ev.s 
owding to  the cultivar by 2 6 %I, 

From data on the hamest index (ratio of tot28 grain to t 
a t  harvest - HI] it is apparent, k k t  its values w i t h  sugar k 
geelraeither 9 different soil cultiv$jion mr by it6.fwti8izi.w 
200 kg kha- The rats ZOO kg Meha having bean app1i&, a 
by 5 % a s  even stated, Bn winter wheat the highest H3 values 
ted i n  variants w i t h  zero-tillage while in  wwentiwaS w l t i v  
vest ilariex decrease4 by aalmst '80 %, The H I  values of spring O 
t& i n  individual years. 

&~ssa~ations concerning the mop rotation prcductivitj~ ba 
d s y - ~ ~ t t e r  production showed (Table 5 )  an apparent e f f e c h f  N 
the zem-tillage system, I n  197'8 34,04 t of dry watk~s we 
mop mtation uwder 2T the -naption be i~& 446j &+ha . Bn 
tivation 32,03 % of dry 'ytte$-lrere produced kin the crop mta t  
consarnaptioea ws 0 - 180 &,ha , Rn B-18 the biwass pacduct50 
34$1l t as4 i n  the ploughing system (PS) 34,l8 t, the bkonsur;: 
310 kgek- in bath variants, Fmm the mlcu9aticn a3-w the w 
N on biomass prGduction has bean apparent; "ehis way be i1lus"s 
eld difference of 6 - 22 1 between the ~ ~ f w t f l i z e d  a& fer t  
kg sd variants* !n al l  the crop mtation the effect of s c i b a i  
on crop ~ i e l d  i n  ?O - 15 ZO Experimental results pm~ied tha -fd 
der diffwent s i l  chld'iivation and its interaction w i t h  the se 
Bity conditions. 
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DBSCLhSlON 

Conkntation of our experimntal data cocacwnirg winter wheat under z o  
rwtil'dage w i t h  experimental data of other localities (South bravia ,  East Slo- 
vakia) proved coincidental resul t s  (5,5 ,I 3 ), From a1 l observations% fa8 1 @is 
that winter wheat under zero-tillage system, being grown after suitable for- 
crop, produces equivalent or even higher grain yields than i n  conven"roml cud- 
tivation, 

Experiments i n  South kmvia  (12,;iS) doemnted that in  average of 6 ye- 
a r s ,  spring barley a,Fteek sugar beetproduced higher yields i n  ze~o-tillage sy- 
stem than i n  conventional cudtivaQione Zero-hillage %as successful namely i n  
yea?s a i i h  unsuffecient rainfall. En sprirg barley under zero-tillage we have 
OW ach5eved explicitly goo3 experience, in similar experiments in  maizegrwirag 
wea 171 the yields w i t h  spriw barley grown i n  the second year of tha crop m- 
'cation were twer  under zero-tilliage than i n  cowentianal cultivation, especi- 
a l ly  a t  lower &rates, However, higher doses of N compensated the differences 
be2creari directly and tradii.3nally drilled barley, 

Comparing the productivity of crop rotations under different soil cultiva- 
tion system arsi &fertilizing rates in  our esperirnents did not lead to ixplicit  
conculsion, A t  conditions of %ar beet grcwinz area an eolian soils  o f  South 
bwavia (10) the wop rotation8 sugar beet, sgring barleyg spring barley,al$al- 
fa, alfalfa? winter wheat, proved pmctically equivalaqt produc4ivity in zem- 
t i l lage system (except of p ~ o ~ k i r $ l u p  to 24 con for stgar beet] and i w  traditi- 
om? cuitivatjon, when 36'0 ks N,ha per  crop rotation $ w e  supplieds Ram the ca- 
se of our experimental wop rotation we d i d  not get cquissalent results i n  exam 
mined w a s  of soil cultivation not even under increased k a t e s .  

For a more rational exp'ioiling the land it ail  P be neresswy to el aborata 
a detailed soil classification w i t h  regard to  possibi8i+&& of usirg z w d i l -  
lag6 systm ??in farming cultiwtion of cereals ('1,9)* Extending the zere-tillage 
practice i n  the Czechosiovakia weds to elaborate sme mms&m .se as i n  the 
farping systm of soil mawj.8-g as in  cuativaticn methods with cereals Skmsel- 
ves (2,3,4), namely with regard t.a cult iwrs,  stand density, o p t i m  h t e s  
etc* 
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Table I Crop yields itoha-') 

Table 2 Eeld stmduse in wing barley 



Fable 3 Yield increase of crops after d i f f e r e n t  soil Pillage and nitrogen 
fertilization 

Sugar beet 
1976 82,8 76,6 
1977 69,8 94,5 
I978 103,l UQ3P 

Spring bar1 ey 
1376 804$5 'BE2,9 0 0 0 0 
1977 65,8 6 2 3  828& 1314 t073Y 118,7 
3978 65#6 72,h 861,4 8Wp3 92095 11Q9,J 

Table 8 The inafluence o t  the  cultivar on crop yields aftas different soil 
ti%ge 

Table 5 5ry mattes yield in mop r~tationa after differeni soil t i l l age  
ancl N .P fertilization 
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ABSTRACT 

It may be concluded on the basis of our three-year 

results that the tested tillage systems affected neither 

positively nor negatively the hop quality, yield, and 

phenophases of development. It should be pointed out that 

the reduced tillage positively affected the yield because 

of reduced costs of production. The irrigation brought 

positive effects. The best results were obtained with the 

furrow irrigation. The irrigation did not affect the 

phenophases of hop development. Simazine and atrazine, 

applied in prescribed dosages, did not bring negative ef- 

fects in either of the tested methods of irrigation. 

INTRODUCTION 

Scientific work in the field of hop growing is 

aimed at the simplification of production technology in 

order to reduce costs of production and high requirements 

for human labor. Reduced tillage, according to its basic 

concepts, implies the omission of certain operation, as 

the spring throwing-out and the closing of furrows. The 

most important components in the simplification of hop 

growing are the surface cutting and the herbicide applic- 

ation to control weeds and defoliate the bottom parts Of 

hop plants. 



The introduction of reduced tillage in combination 

with herbicide treatments into the hop production imposed 

the problem of finding a suitable irrigation system; the 

applied herbicides, based on triazine, may affect depres- 

sively the irrigated hop, particularly the hop irrigated 

by furrows, because the hop is not selective, i-e., bio- 

logically resistant, towards these herbicides. 

Numerous authors worked on the problem of finding 

the most suitable irrigation schedule for the hop (Mid- 

dleton, 1963; Nelson et al., 1966; Sachl, 1964; Zattler, 

1967; Slanskjr et al., 1971; Kiggeci, 1974; etc.). However, 

these papers discussed the factor of irrigation neither as 

an integral part of contemporary cultural practices nor 

its relationship with the application of herbicides. 

The objective of our work was to determine the most 

suitable irrigation method for reduced tillage in combi- 

nation with herbicide treatments which would be harmonious 

with the contemporary organization of work and would not 

emphasize the depressive action of herbicides on hop 

plants. 

MATERIAL AND METHOD 

The experiment was conducted in a hop garden of the 

Department of Hop and Broomcorn at BaEki Petrovac, on black 

meadow soil of favorable physical and chemical properties 

and deep ground water. 

The experiment included two factors - the system of 
tillage and the method of irrigation - in the following 
variants: 

1. Hop growing in the system of deep cutting without 

herbicide treatments: 

a) non-irrigated 

b) furrow irrigation 

C) sprinkling irrigation 

d) drip irrigation 

2. Hop growing in the system of reduced tillage in 

combination with herbicide application (simazine and 

atrazine, 0.75 kg/ha each): 

a) non-irrigated 

b) furrow irrigation 



c )  s p r i n k l i n g  i r r i g a t i o n  

d )  d r i p  i r r i g a t i o n  

D u r i n g  t h e  e x p e r i m e n t ,  t h e  f o l l o w i n g  e l e m e n t s  were 

o b s e r v e d :  d y n a m i c s  o f  s o i l  m o i s t u r e ,  hop y i e l d ,  q u a l i t y ,  

a n d  p h e n o p h a s e s  o f  d e v e l o p m e n t .  The hop was a l s o  o b s e r v e d  

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

RESEARCH RESULTS 

Tab.  1 shows  t h e  e f f e c t  o f  r e d u c e d  t i l l a g e  i n  combi-  

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

i n  d i f f e r e n t  v a r i a n t s  o f  i r r i g a t i o n .  

Tab. 1 - Effect o f  t i l l a g e  system and i r r i g a t i o n  method on 
hop y ie ld  

Year T i l l .  
system Deep Reduced Average Average 

Irr. till. till. o f  irr. of  irr. 
method v a r i a n t s  f a c t o r s  

Non-irr . 18.00 18.26 18.13 18.13 
Furrow 21.10 20.87 20.98 
Sprinkling 19.83 19.60 19.71 19.78 
D r i p  19.08 18.26 18.67 
Average 19.50 19.24 
Non-irr . 18.18 17.06 17.62 17.67 
Furrow 22.00 21.50 21 -75 

1977 Sprinkling 20.66 20.43 20.54 20.80 
D r i p  20.27 19.74 20.64 
Average 20.27 19.74 
Non-irr . 17 -68 18.10 17.89 17.89 
Furrow 19.75 19.80 19.77 
Sprinkling 19.06 18.86 18.96 19.24 
D r i p  18.98 19.00 18.99 
Average 18.86 18.94 

1976 1977 1978 
LSD 5% 1% 5% 1% 5% 1% 
T i l l .  system 1.75 2.36 1.14 1.54 1.36 2.42 
Irr. 2.53 3.41 1.68 2.26 2.05 3.13 
In te rac t ion  4.24 5.69 2.38 3.22 3.82 4.15 

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

t h a t  i n  1 9 7 6  t h e  a p p l i e d  t i l l a g e  s y s t e m s  d i d  n o t  a f f e c t  

t h e  y i e l d  o f  hop.  The r e d u c e d  t i l l a g e  d i d  n o t  a f f ec t  n e g a -  

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

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

I n  h i s  e a r l i e r  s t u d i e s  o n  water r e q u i r e m e n t s  o f  t h e  

h o p ,  K i H g e c i  ( 1 9 7 4 )  f o u n d  t h a t  t h e  hop  s e l d o m  s u f f e r s  

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

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



layers. However, it is necessary that the active rhizo- 

sphere is provided with easily available water in order to 

secure the provision of plants by nutrients. 

In 1977, the tendency of yield increases in relation 

to the check persisted with all irrigation variants. The 

furrow irrigation brought the highest increase. Differences 

could not be observed between the systems of tillage which 

is in fact positive because the reduced tillage decreases 

the production costs. 

In 1978, all three irrigation methods affected the 

yields of hop. There were no significant differences among 

them; still, the furrow irrigation brought the highest in- 

creases. The drip irrigation had a somewhat lower effect, 

probably because of a strictly limited wetting of the soil 

around the crown which leaves the zone of the most active 

part of the root system, 60 - 140 cm from the crown, in- 
sufficiently wetted. The sprinkling irrigation was con- 

ducted at the stage of cone growth, when the plants were 

fully developed. As the method of overhead sprinkling was 

used, the distribution of water was sporadic because the 

water flowed down the foliage. There were no differences 

between the deep and reduced tillage which favors the 

latter one because of its economy. - 
The irrigation and reduced tillage did not have 

negative effects on the technological quality of hop. 

Different tillage systems and irrigation did not 

affect the phenophases of development of hop plants. The 

beginning and duration of all phases were similar in all 

test variants. 

CONCLUSION 

It may be concluded on the basis of our three-year 

results that the tested tillage systems affected neither 

positively nor negatively the hop quality, yield, and 

phenophases of development. It should be pointed out that 

the reduced tillage positively affected the yield because 

of reduced costs ofproduction. The irrigation brought 

positive effects. The best results were obtained with the 

furrow irrigation. The irrigation did not affect the 



phenophases of hop development. Simazine and atrazine, 

applied in prescribed dosages, did not bring negative 

effects in either of the tested methods of irrigation. 

LITERATURE 

Kiggeci, J.: Vodni reiim biljaka hmelja u razlizitim us- 

lovima navodnjavanja i mineralne ishrane. 

Bilten za hmelj i sirak, God. 6, Br. 20 - 21, 
1974, Novi Sad. 

Middleton, J.E.: Irrigation needs of hops. Washington 

State University (1963). 

Nelson, E.C. et al.: Effect of palnt spacing, fertility, 

and irrigation on yields and quality of 

Yakima Cluster hops. Washington State Univer- 

sity (1966). 

Sachl, J.: Doba zavlahy a jeji vliv na utvareni chmelovjrch 

hl5vek a keru. Chmel5rstvi 11, Zatec, 1964. 

Slansky, J. et al.: ZBvlaha chmele. Metodiky V-2 (1971). 

Tarajko, G.A. : Soderianjie pitatelnih vegestv v vrastenijah 

v sharnoj svekli i velizina je uroiaja pri 

raznih uslovjah viragzivanjia. Agrohemija 5 

(1959). 
v . ,  Vuclc, N.: Iskustva i preporuke u vezi navodnjavanja 

hmelja u Vojvodini. Bilten za hmelj i sirak, 

Br. 2, 1969, Novi Sad. 

Zattler, F.: Mineraldungung und Hopfen-qualitat. Hopfen 

eunschau. 18 (1967). 





INFLUENCE OF SOIL STRUCTURE AND STRENGTH, FERTILIZATION LEVEL, 

AND SOIL WATER CONTENT ON THE GROWTH OF ROOTS. 

A.R. DEXTER 

Waite Agricultural Research Ins t i t u t e ,  

Glen Osmond, South Australia 5064. 

ABSTRACT 

A s t a t i s t i c a l  description of the s t ructure  of t i l l e d  s o i l  i s  

combined with measurements of root  mechanical properties t o  produce 

a model fo r  the behaviour of roots i n  t i l l e d  s o i l s  of d i f fe ren t  

s t ructure  and strength. 

The ind i rec t  e f f ec t  of s o i l  s t ructure  on s o i l  strength 

(through i t s  ef fec t  on s o i l  water content) is found t o  have the 

grea tes t  influence on root  behaviour. 

Jus t  a s  the s o i l  s t ructure  is found t o  influence the a b i l i t y  

of roots  t o  absorb nutr ients ,  it i s  a l so  found that the nut r i t ion  

of the roots  influences t h e i r  behaviour i n  structured s o i l .  

INTRODUCTION 

In many areas,  sui table  s o i l  s t ruc ture  f o r  plant  root  growth 

develops naturally.  In the heavy montmorillonitic black ear ths  of 

Eastern Austral ia ,  fo r  example, the "self  mulching" behaviour on 

wetting and drying produces an ideal  s t ruc ture  fo r  root  growth. 

In other areas,  other processes can produce adequate s o i l  s t ructures .  

These include the actions of s o i l  fauna (especially earthworms), 

previous root  growth (especially of grasses) ,  and freezing and 

thawing cycles. In such areas ,  weed control i s  probably the  only 

benef i t  from t i l l a g e .  

However, t i l l a g e  w i l l  remain a necessary process i n  many pa r t s  

of the World both where these natural  structure-forming processes 

are  absent o r  inadequate and where herbicides a re  not avai lable  a t  

low enough cost  f o r  weed control. 

This paper now considers the behaviour of roots  i n  structured 

s o i l  and the way i n  which the behaviour is modified by other s o i l  

and environmental fac tors .  



SOIL STRUCTURE MODEL 

The s t ructures  of t i l l e d  s o i l s  can be compared by sieving t o  

give the aggregate s i ze  dis t r ibut ions.  However, t h i s  gives no 

information about inter-aggregate pore s i zes  o r  about the 

r e l a t ive  posit ions of aggregates and pores. 

These deficiencies have been overcome, t o  some extent,  

by the method of Dexter (1976:. In th i s ,  blocks of t i l l e d  s o i l  

a re  impregnated and are  then sectioned fo r  analysis. Lines, 

horizontal i n  the or ig ina l  s o i l ,  a re  drawn on the sections a t  the  

required depths. These l i n e s  a r e  then analysed a t  equally-spaced 

in te rva ls  which i s  usually 1 nun i n  coarse t i l l e d  s o i l  and 0.5 nun 

i n  a seed bed. A 1 is wri t ten i f  there  is an aggregate a t  a 

point and a 0 i s  writ ten i f  there  is a void. Thus a s t r ing  of 

1 's  and 0 ' s  is writ ten which represents the d is t r ibu t ion  of 

aggregates and voids a t  t h a t  depth. Suff ic ient  sections must be 

measured t o  give a t o t a l  e f fec t ive  s t r ing  length of a t  l e a s t  

2000 d i g i t s  i f  the r e su l t s  a re  t o  be reasonably accurate. The 

proportion of 0 3  i n  the s t r ing  i s  cal led the l inear  porosity, 

From t h i s  raw data,  sets of 16 t rans i t ion  probabi l i t i es  

a r e  calculated which give the probabi l i t i es  of 0 ' s  following the 

previous four d i g i t s  in the s t r ing .  From these probabi l i t i es ,  

s t r i ngs  of 1's and 0% can be simulated which have the same 

s t a t i s t i c a l  d i s t r ibu t ion  as  the aggregates and voids i n  the 

or ig ina l  s o i l .  Alternatively,  aggregate and void s i ze  

d is t r ibu t ions  can be calculated d i r ec t ly  from the probabi l i t i es  

t o  give data such a s  the porosity,  rl i n  pores larger  than 
8' 

8 nun intercepted length. 

Thus the s e t s  of t rans i t ion  probabi l i t i es  contain 

information about the s t ruc ture  of the so i l .  This method 

has been used t o  quantify the s t ructures  produced a t  d i f f e ren t  

depths by d i f f e ren t  implements making d i f fe ren t  numbers of 

passes i n  s o i l  a t  d i f f e ren t  water contents (Dexter, 1979). 

ROOT GROWTH MODEL 

Consider a root  growing in  a t i l l e d  layer  of s o i l .  I f  

the aggregates a r e  of zero strength,  then a root  w i l l  not be 

impeded o r  deflected by them and it w i l l  grow i n  a s t r a igh t  



l ine .  The environment of such a root  w i l l  be well-described by 

a d is t r ibu t ion  of 1's and 0 ' s  simulated from the appropriate set 

of t rans i t ion  probabi l i t ies .  The proportion, P of the root  
P' 

length in  pores w i l l  be P = n and the proportion. Pa, i n  
P L' 

aggregates w i l l  be P = (1 - n ) . 
a L 

If the aggregates a re  very strong, peneeration never occurs 

and the roots  w i l l  then be deflected along the surfaces of the 

aggregates u n t i l  they can resume t h a t  or ig ina l ,  geotropic, 

direct lon of growth. 

I f  the aggregates a re  of intermediate strength,  then root  

penetration of an aggregate may be limited e i the r  by the maximum 

s t r e s s ,  a , which a root  can exert ,  o r  by the buckling s t r e s s ,  
r 

a , whichever i s  the smaller. It w i l l  be assumed here t h a t  b 

a = l.SMPa, and 
r 

(1) 

where E i s  the Young's modulus of the root ,  d i s  the root  

diameter and R i s  the  length of the pore across which the root  

has jus t  grown. 

For a given type of root ,  with known values of E and d, 

it i s  a simple matter t o  s imulate  i t s  passage through a t i l l e d  

s o i l  whose s t ructure  is described by a s e t  of t rans i t ion  

probabi l i t ies .  I f  a simulated s o i l  s t ructure  is, fo r  example, 

then a t  every 0-1 t rans i t ion ,  the previous void length, R ,  is 

known ( in  t h i s  example, it equals 4 d i g i t s ) ,  and hence o is 
b 

known. I f  t h e  root  buckles a t  a stress smaller than t h a t  

required fo r  penetration of the next aggregate, then it is 

deflected along the surface of t h a t  aggregate. 

In t h i s  way, the proportions of the length of a root  

which pass through aggregates, Pa, through pores, P and 
P' 

along surfaces, Ps, can be calculated. This has been done for 

the roots  of a number of d i f f e ren t  p lan t  species in s o i l s  of 

d i f f e ren t  strength and s t ruc ture  (Dexter, 1978; Hewitt and 

Dexter, 1979). 

I f  it i s  assumed t h a t  the roots  can absorb nut r ien ts  out 

t o  some distance from &heir axes, then it i s  possible t o  

estimate the e f f ec t s  of s o i l  s t ruc ture  and strength on the 



r e l a t ive  nutr ient  ava i lab i l i ty ,  Nr ,  per root  axis. For re la t ive ly  

non-mobile nutr ients  such a s  P and K, t h i s  absorption distance is 

found t o  correspond t o  the radius of extent of the root  ha i r s  

(Lewis and Quirk, 1967). 

For wheat seminal axes growing through beds of sieved 

s o i l  aggregates of mean diameter, 6, the e f fec ts  of s o i l  

strength on N is given approximately by r 

Nr = (1 - nL) exp [-0.025~1, (3) 

where S i s  the mean s t r e s s  on a 1.25 mm diameter penetrometer 

with a 90° enclosed angle. For these beds, rlL = 0.265. For 

intermediate aggregate strengths (1 < S < 3MPa), where the  

differences a re  grea tes t ,  N i s  only about 15% larger  fo r  r 
5 = 3.7 mm than for  5 = 14.7 mm. Thus, the e f f ec t  of StYUCtUre 

is  much smaller than the e f f ec t  of strength. However, strength 

and s t ructure  are  not independent s o i l  properties.  

STRUCTURE, WATER CONTENT AND STRENGTH 

- 
Til led s o i l  has a d i f fe ren t  mean water content, w ,  

depending on i t s  structure.  In par t icu lar ,  w i s  strongly 

dependent on the porosity, 17 i n  pores larger  than 8 mm. It 
8' 

is through these larger  pores t h a t  convective flow of 

atmosphere a i r  can occur with the  consequence of evaporative 

water loss.  In the 1976 growing season (July-Oct.) i n  

South Australia,  Ojeniyi (1978) found t h a t  

where the t i l l a g e  treatment e f f ec t ,  5, took the values 

-4.01, -3.53, -2.75 and 0 fo r  the d i sc  plough, mouldboard 

plough, t i n e  cu l t iva tor  and rotary cu l t iva tor ,  respectively. 

Under average meteorological conditions ( a i r  temperature, 

Ta = 12O~; wind speed, u2 = 5 km hr-l ;  r e l a t ive  humidity, 

h = 68%), t h i s  becomes 

The t i l l a g e  treatment e f f ec t ,  5, i s  re la ted  t o  rl 
8 by 

It has a l so  been found t h a t  the s o i l  penetrometer 



resistance,  S, fo r  Urrbrae loam (a hand-setting phase c 

red-brown earth,  clay content = 17%) var ies  with water. 

content, w ,  as  follows 

S = exp r5.60 - 0.29 w], MPa 

Combination of equations (5) and (7) gives 

5 = exp [-0.76 - 0.29 81, MPa 

Of course, the e f fec ts  of meteorological conditions on 

could a l so  be examined with the a id  of equation (4 ) .  

EFFECT ON NUTRIENT UPTAKE 

Combination of equations (3)  and (8) gives the ovf 

e f f e c t  of s o i l  t i l l a g e  treatment, 8, on the r e l a t ive  

nut r ien t  uptake per u n i t  length of root: 

Nr = (1 - "L) exp [-0.25 exp (-0.76 - 0.298)]. 

Substi tution of 5 values shows t h a t  s o i l  s t ructure ,  as 

be modified by t i l l a g e ,  has a s igni f icant  e f f ec t  on Nr. 

increase i n  N of 33% through the sequence d isc  plough- r 
rotary cu l t iva tor  is  obtained which is en t i r e ly  due t o  

e f f ec t  of s t ruc ture  on water content, and hence on strf 

~ e n e r a l l ~ ,  the f i n e r  the  s t ructure  (provided it i s  not 

anaerobic), the greater  the potent ia l  nu t r ien t  uptake. 

SOIL NUTRIENT STATUS 

It i s  shown above t h a t  s o i l  s t ruc ture  a f f ec t s  the  

a b i l i t y  of roots  t o  absorb nutr ients .  Conversely, so i l  

nu t r ien t  s t a tus  a f f ec t s  the a b i l i t y  of roots  t o  grow 

through structured s o i l .  Experiments have been done wj  

roots  grown i n  d i f f e ren t  concentrations of Hoagland's' 

nu t r ien t  solution. It i s  found t h a t  both E and d a r e  

modified by nut r ien t  concentration. This modifies the 

buckling s t r e s s ,  a of the roots  and hence the 
b' 

proportion, 
'a' of the root length passing through 

aggregates. Simulation s tudies  of wheat seminal axes 

growing i n  beds of aggregates of 5.1-9.5 mrn diameter ax 

of S = 2.5MPa give values of P of 0.231, 0.244, 0.278, 
a 

0.208, and 0.235 fo r  roots  grown i n  f u l l  strength,  1 / 1 C  

1/100, 1/1000 and l/- ( d i s t i l l e d  water) concentration c 



Hoagland's solution respectively. 

Thus, it appears t ha t  s o i l  nutr ient  s t a tus  can make up t o  30% 

difference t o  the proportion of root  length passing through 

aggregates. 

This e f fec t  may be a consequence of changes i n  the n i t r a t e  

o r  potassium ava i l ab i l i t y  t o  the roots. These nutr ients  have a 

large influence on the  wall thickness and elongation of c e l l s  

respectively, and hence can modify root  mechanical properties. 

CONCLUSIONS 

Although s o i l  geometrical s t ructure  by i t s e l f ,  and s o i l  

nutr ient  s t a tus  can modify the behaviour of root  axes, the 

grea tes t  fac tor  affecti,ng root  behaviour i s  s o i l  strength. Soi l  

strength i s  often strongly dependent on s o i l  water content which 

i s  i t s e l f  influenced by s o i l  s t ruc ture  as  can be modified by 

t i l l a g e .  Further work i s  needed t o  t e s t  these predictions in the 

f i e l d ,  and t o  invest igate  quant i ta t ively the  e f f ec t s  of s o i l  

s t ructure  and strength on overal l  plant  development and crop yield.  

ACKNOWLEDGEMENTS 

The author wishes t o  thank D. Hein and J.S. Hewitt fo r  t h e i r  

help. The work was supported by the South Australian Wheat 

Industry Research Committee. 

REFERENCES 

DEXTER, A.R. 1976. Internal  s t ruc ture  of t i l l e d  s o i l .  

J. Soi l  Sci. - 27, 267-278. 

DMTER, A.R. 1978. A s tochast ic  model fo r  the  growth of roots  

i n  t i l l e d  s o i l .  J. Soi l  Sci. - 29, 102-116. 

DMTER, A.R. 1979. Prediction of s o i l  s t ruc tures  produced by 

t i l l a g e .  J. Terramech. g ( 3 )  ( in  press) .  

HEWITT, J.S. and DEXTER, A.R. 1979. An improved model of root  

growth i n  structured s o i l .  Plant Soi l  (August) (in pres s ) .  

LEWIS, D.G. and QUIRK, J.P. 1967. Phosphate diffusion i n  s o i l  

and uptake by plants .  Plant Soi l  - 26, 445-453. 

O J E N I Y I ,  S.O. 1978. T i l t h  s t ruc ture  and s o i l  physical 

conditions. Ph.D. thes i s ,  Univ. of Adelaide, 

South Australia. 



The 8th Conference of the International Soil Tillage Research Organi- 
zation, Stuttgart, Federal Republic of Germany, 1979 

SOME RESULTS OF THE BASIC SOIL TILLAGE FOR SUGAR BEET IN 
SEMI- HUMID CLIMATE 

Vladimir MIHALIC and Andjelko BUTORAC, 
Faculty of Agricultural Sciences, University of Zagreb 

I. FOLIVARSKI, 
t Agricultural and Processing Plan Belje 

ABSTRACT 

The paper treats  the problems of soil tillage for sugar beet, on brown 
soils on calcareous loess. A comparative study was made of ploughing 
at various depths and subsoiling. The results showed that the ploughing 
depth of 30 - 40 cm was satisfactory for sugar beet, but also ploughing 
at  30 cm with subsoiling to 40 cm was adequate. 
The effect of fertilizing was stronger than that of tillage on soils with a 
more expressed B-horizon. 

INTRODUCTION 

Sugar beet, the most important industrial plant, is concentrated in the 
region of semi-humid climate in the continental part  of Croatia. It is 
grown on 14 - 22 % of arable areas  in the region, mostly on soils deve- 
loped on calcareous loess substrata. 

On the eastern margin of semi-humid climate the average annual pre- 
cipitation i s  650 mm, on the western margin 750 mm. In the growing 
period, the rainfall amounts to  350 - 400 mm. The mean annual tempe- 
ratur: i s  betgeen lo and 11° C with the large annual thermic amplitude 

0 
of 72 C /-32 C up to +40 C/, which points to the continental character 
of the climate. 

The precipitation distribution is unfavourable in relation to the growing 
period, with high evapotranspiration in  summer, and with considerable 
hydric oscillations throughout the year. In this climate, it is important 
to  accumulate autumn and winter precipitation and preserve soil mois- 
ture for the hot part of the year. The vital part  is played here by soil 
tillage, for there is practically no irrigation. 

Our investigations in eastern Slavonia and Baranja were confined to 
brown soil on calcareous loess, which is an important soil type for sugar 
beet, accounting for 30 - 35 % of all arable land. 

The solum depth varies from 60 to 120 cm,  and calcareous loess mostly 
appears under 80 cm. The upper solum layers a r e  loamy clay with a 
somewhat more compacted B-horizon in the profile. In the main zone of 
root development, the absolute water capacity is 35 - 39 %, the a i r  



capacity from 3,s to 13 %, Lending to lower values. 

The soil is poorly humous, neutral and the saturation with bases is 
.& . 

high. The content of available nutrints is satisfactory down to 30 cm, 
and below this depth i t  decreases in the direction of calcareous loess. 

LITERATURE RELEVANT TO THE PROBLEM 

Little research has been done into the basic tillage for sugar beet in the 
semi-humid climate of Croatia. 

MUSAC /1971/ studied the phenomenon of residual effect of basic tillage 
on brown soil in eastern Slavonia and found out that the basic tillage at  
42 cm was the most favourable depth for sugar beet. 

BUTORAC , LJILJAK, KULAS and VENCL /1977/ and BUTORAC , LJILJAK 
and K U L A ~  /I977 and 1978/ investigated the optimal depth of basic tilla- 
ge with mineral fertilizing on lessivh pseudogley in eastern Slavonia. 
The best combination on this soil type was ploughnig + subsoiling with 
the total tilling depth to 50 cm. 

MII-IALIC, BUTORAC and BISOF /1967/ and M I I I A L I ~ ,  BUTORAC, LACKO- 
~ 1 6 ,  BESTAK and FOLIVARSKI /1973/ conducted investigations of deep 
ploughing on brown soil in Slavonia, and ploughing and subsoiling in Ba- 
ranja. 

In the adjacent, more arid, Vojvodina, ploughing at  35 - 45 cm gave the 
best results for sugar beet on fertile chernozem soils, especially if su- 
ccessive ploughing per layers was carried out to that depth, o r  even 
better i f  the system of "topsoil formation" by complex fertilizing and 
ploughing down to 45 cm was applied /DREZGI~,  1972 and S T A N A ~ E V ,  
1973/. 

METHODS OF EXPERIMENTAL WORK 

These investigations were a part of complex research into the optimal 
depth of basic tillage on the main soil types in combination with mineral 
fertilizing in the continental part of Croatia. Complex investigations we- 
r e  carried out in the period from 1961 to 1973. 

Trial locations on brown soils on calcareous loess were situated in eas- 
tern Slavonia /NuStar and AndrijaSevci/ and in ~ a r a n j a  /Brestovac/. 
The following trial variants were applied: 

I Eastern Slavonia /NuStar and Brestovac/ 
The basic tillage was graded at  20, 30, 40, 50 and 60 cm of ploughing 

depth, while mineral macrofertilizers /NPK/ in three grades of pure 
nutrients : 



FERTILIZING GRADES PURE NUTRIENTS KG/HA 
N P-0, K-0 

L 3 '5 

low 70 130 loo 
medium 130 200 160 

high 190 270 220 

I1 Baranja /Brestovac/ 
The basic tillage variants were: ploughing a t  20, 30,4c 

subsoiling a t  40 cm + ploughing a t  20 cm,  and subsoiling 
ploughing a t  30 cm. Mineral fertilizing was applied i n  the 
des: 

FERTILIZER GRADES PURE NUTRIENTS KG/HA 
N P-0, K,O T 

L ..2 L. 

120 90 low loo 
medium 130 15 o 130 4 
high 160 200 170 5 

Due to  subsoiling and a smal le r  soil m a s s  included into 1 
zer grades in Baranja were  slightly lower than those in  e 
nia. 

On al l  locations, sugar  beet suceeded stubble cerea ls  /w 
s o  that the harvest was followed by shallow ploughing of 1 

field, while further tilling pract ices  were  car r ied  out in  
summer  when the soil consistence is favourable /dry - fi 

~ i n e r a l  fertilizing and other ag ro tech ica l  measures  we, 
dered standard for  la rge  agricultural  plants- 

INVESTIGATION RESULTS 

I Eastern Slavonia 
X 

a/ Trial  location NuStar 
/soil of high effective fertility/ 

BASIC TILLAGE YIELD MINERAL FERTILIZING 
GRADING WHA GRADES 
Ploughing a t  20 cm 451,8 Unfertilized /o/ 

$ 1  30 cm 490,8 low grade 

N70 P130 Kloo 
11 40 cm 484,6 medium grade 

P . K  N130 200 160 

x - measured in the third yea r ,  after the completion o f t  
pract ices  and mineral fertilizing 

nd 50 cm,  
40 c m  + 
~llowing gra- 

age, fertili- 
tern Slavo- 

er wheat/, 
stubble 

? course  of 
ble/ . 
those consi- 

YIELD 
Q/HA 
477,2 
476,6 

basic tilling 



BASIC TILLAGE YIELD MINERAL FERTILIZING YIELD 
GRADING Q/HA GRADES Q/HA. 
Ploughing a t  50 cm 489,5 high grade 487,6 

N190 '270 K220 
1, 60 cm 502,2 - - 

LSD P = 5 % 14,04 q 

I t  is evident that the basic tillage and mineral fertilizing /NPK/ had a 
significant effect on the yield of sugar beet roots ,  tillage being s t ronger  
than fertilizing in  the investigation period, The explanation lies i n  the 
high effective soil fertility and correction of the climate /accumulation 
of the precipitation water/ for  sugar beet a s  a spring crop in  a precipi- 
tation deficient year .  

Table 2. AndrijaSevci- Effects of basic soil  tillage and mineral fertili- 
zing on the root yield of sugar  beet 
/soil  of lower effective fertility/ 

BASIC TILLAGE YIELD MINERAL FERTILIZING YIELD 
GRADING Q/HA GRADES Q/HA 
Ploughing a t  20 cm 536,8 Unfertilized /o/ 389,3 

" 30 cm 560,7 low grade 597,3 

N70 '130 KIOO 
" 4 0 c m  528,6 medium grade 668,7 . 

N P K  
130 200 160 

TI 50 c m  580,3 high grade 684,3 

I1 Baranja 
b/ Trial  location Brestovac 

/soil with strongly expressed B-horizon/ 

Table 3. Brestovac - Effects of basic soil  tillage and fertilizing on the 
root yield and digestion of sugar beet 

GRADING OF BASIC SOIL TILLAGE YI ELD DIGESTION 
Q/H A % 

Ploughinq a t  20 cm 482,3 17,2 
I, 30 cm 486,6 l6 ,3 
, I  40 cm 481,l 17,5 
I 1  50 c m  488,4 15,8 

Ploughing a t  20 cm + subsoiling 
a t  40 cm 493,4 14,3 
Ploughing a t  30 cm + subsoiling a t  40 cm 498,2 17,5 



GRADING OF BASIC SOIL TILLAGE YIELD DIGESTION 
WHA % 

LSD P = 5 % 42,8 

GRADING OF MINERAL FERTILIZING YIELD DIGESTION 
WHA % 

Unfertilized /o/ 409,8 17,2 

low grade Nlnn PI 7n K9n 513,9 16,4 

medium grade N: , P,, K., 505,l 16,4 

I"" &"" I'" 

LSD P = 5 % 898 
P = 1 %  11,7 

Basic soil tillage and mineral fertilizing /NPK/ had also at  Brestovac a 
positive effect on the root yield of sugar beet. A s  regards tillage, the 
best variant was that of ploughing at 30 cm + subsoiling at  40 cm. In 
fertilizing, the highest yield was obtained with the high grade. Similar 
to other locations, ploughing at  20 cm was not sufficient for sugar beet. 
The effect of soil tillage on the digestion decreased parallel to increased 
fertilizer grades, probably due to the negative effect of nitrogen in the 
high grade. 

CONCLUSION 

Out of the extensive trial material, the most important results were se- 
lected and used a s  the basis for the following conclusions: 
- On brown soil on calcareous loess, ploughing at  20 cm was not suffi- 

cient for sugar beet, a root crop. The depth of 30 - 40 cm w a s  sati- 
sfactory. 

- The aim of deep tillage into the pedosphere, over, 40 cm, was prima- 
rily to accumulate autumn and winter precipitation for sugar beet as 
a spring crop, which is of utmost importance in precipitation defi- 
cient years. 

- On the brown soil with more expressed B-horizon /Brestovac/, the 
best results were obtained by the combination ploughing + subsoiling, 
but only i f  the ploughing depth was 30 cm. 

- The bringing q~ of mineral, less fertile, soil to the surface does not 
suit sugar beet, which requires effective fertility of the upper soil 
layers. 

- On the soil of high effective fertility, the effect of tillage on the root 
yield of sugar beet was stronger than that of mineral fertilizing, 
whereas on the soil of lower effective fertility /AndrijaEevci/ and on 
the soil with more m q i r ~ s s e d  5-holiaa, fertilizing was a more deci- 



sive factor than basic deep tillage in the formation of sugar beet yields. 
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ABSTRACT 

This report presents the system of soil tillage 
and fertilization in the north-east part  of Yugosla- 
via - Vojvodina based on a long series of experi- 
ments performed previously. Hence this paper is 
the synthesis of so  far  obtained and published 
research results on the base of which, besides 
other elements, a technology of filed and vegetable 
crops production has been created in this region. 

INTRODUCTION 

Vojvodina is in the north-eastern part between 

44O38' and 46°10' north geographic longitude and 18°10'and 21°5'east 

geographic latitude. 

The primary production possibilities of Vojvodina 

are determined by its belonging to the large Pannonia ecosystem and 

it represents the south part  of it with favourable production ccnditions. 

The climate of Vojvodina can be defined as a 
0 

special variety of semi-arid steppe climate with 10,9 C average 

annual temperature and 600 mm average annual precipitations. The 

soil of the landis diversified, however, the largest part  is chernozem 

and meadow soil, then alluvial and delluvial soil, and hydromorphic 

blacki soil. The most fertile soil are meadow soil and chernozem on 

which the greatest part of experiments have been conducted and which 

are the base of suggested system of tillage and fertilization. 



DISCUSSION AND CONCLUSIONS 

Remarkable results in increasing plant production in 

general and specially in fki d crops growing have been achieved in the' 

past 22 years in Vojvodina, the base of this increase was as follows: 

new highyielding cultivars of the main field crops (particularly wheat), 

and the new technology. (Table 1). 

Table 1 - Surface ,yield and production of wheat in Yugoslavia and 
Vojvodina for the period from 1930-1939 to 1977 

Yuqoslavia t Vojvodina 
Surface Yield Production Surface Yield Production 

Period 
' (ha) ,(q/ha)% ( t )  i ' (ha) (q/ha) ( t )  

With the new technology of production beside the 

highyielding cultivars a decisive role in the increase of production have 

two basic abiotic factors - tillage and fertilization. New native highy- 

ielding cultivars and research results in the field of cultural practice 

have been to great extent the base for our own technology. 

The creation of technology in plant production for 

particular environmental conditions required a very good knowledge of 

biological properties of plant material cultivars, then a very good 



knowledge of climatic and soil conditions of a certain region. On the 

basis of these elements individual elements of the producing process 

have been worked out, namely to particular agrotechnical measures 

with the preliminary investigations to find out the most adequate methods 

in crops growing under given conditions. 

Therefore the research has been aimed to investi- 

gate the corresponding system of soil tillage and fertilization in order 

that soil, as the substratum and ecologic enviroment respectively, 

offers to the plants the most optimal conditions for the development, 

and formation of high yields. When such kind of inves 

question, then it should be pointed out that so far  o 

and tillage respectively and fertilization can be po 

climatic extremities which are very often the limi 

production. 

a )  Tillage - There have been several stage 

soil tillage problems, such a s  intensive studies o 

ning the arable layer for al l  crops, investigation 

of deep tillage, interaction of deep tillage and the intensity of fertiliza- 

tion, periodical deep tillages in a particular crop rotation for a very 

special production and possibilities of applying reduced and minimal 

tillage without the traditional plonghing using only tools of surface 

tillage, These investigations of the reaction of the individual crops on 

the depth of tillage have been conducted after the method of establishing 

the arable land the theoretical principles of which were worked out by 

D.T o d o r o v i 6. On the basis of these results there have been dis- 

tinguished crops which need permanently deep tillage and crops which 

need permanently deep tillage and crops which make good use of the 

supplemental effect of deep tillage. As the crops ehich need deep tilla- 

ge preoved to be: sugar beet, alfalfa and wheat (at the transiti on from 

shallow to  deep tillage). Other crops, among them maize too, react 

less to t h e  deep tillage and use  very well the residual effect of deep 

tillage and fertilization after the system of establishing arable land. 

The investigation of the mutual efect of deep tillage and the intensity of 

fertilization have shown that the depth of tillage can be compensated 



by increased fertilization and that satisfactory results can be also obta- 

ined without tillage, only by disk harrowing. Research of the tillage 

problems, within a certain crop rotation, indicated to the possiblity of 

applying the method of establishing and renovating the arable land a s  

the permanent system of tillage. In the interval between establishing and re- 

novating the arable land, the tillage can be shallow for al l  crops except for 

sugar beet and alfalfa. The depth of tillage in this interval depends 

f irst  of al l  upon the crop grown, soil condition and amount of harvest 

residues which should be ploughed in, Within the system of tillage after 

the method of establishing and renovating the arable land, from to time, 

minimal tillage and sowing with no tillage can be used. Although there 

a r e  results which speak in favor of the sowing witout tillage a s  the sys- 

tem of growing, we consider that in our agroecological caditions this 

system can be used exceptionally and in a short interval. 

b)  Fertilization - There have been also several 

stages in the research of problems of fertilization with mineral ferti- 

l izers, from the studies of applying single powder fertilizers to the 

stage of applying granular high concentrated complex fertilizers and 

li@d fertilizers. Within these investigations the problems of rates 

and ratios of NPK nutrients and mode of fertilizers application for all 

important field crops have been considered. 

Most of these research trials have been conducted 

simultaneously under conditions without irigation and with irrigation. 

TRe results obtained showed that the same rates and ratios are suitable for 

the conditions of irrigation. Higher ra tes  and ratios of fretilizers 

under conditions of irrigation did not always show greater effect, na- 

mely irrigation primarely affected the better utilization of nutrients 

from fertilizers and from soil reserves. 

Research results of the mode of fertilizers applica- 

tion showed that fertilizers should be partly applied in the basic tillage, 

partly in pre-sowing preparation and partly in topdressing concerned 

only the nitrogen fertilizers. 

It can be noticed from the earlier tr ial  results as 



well as the fertilizers application in practic Lhat nitrogen has an out- 

standing and leading role. This has been proved by numerous recent 

trial results about the uptake and takingout nutritive elements, it means 

that in the next period there will be changes in the present established 

rates and ratios of the basic nutritive elements. 

On the basis of all research results obtained up to  

now, practice has been recommended to use the system of tillage after 

the method of establishing and renovating the arable soil, which shoud 

be applied in acordance with soil conditions of the individual regions. 

Within this system the problems of tillage for the main field crops 

and the outstanding specifities in the tillage for each individual crop 

have been worked out. 

c )  General conclusion - Since Vojvodina does not 

represent a unique region concerning the climatic and soil conditions 

there are given the producing characteristics of the individual regions 

a ~ l d  specifities in technology, primarely in the choice of plant species 

and varieties grown, as well a s  in tillage and fertilization. The solu- 

tions proposed are given on the basis of the accepted system of tillage 

and system of fertilization. The system of tillage after the method of 

establishing arable land, as well as the principles of fertilizations 

accepted, offer a fairly stable basis of applying these measures in 
I 

production although there are considerable differences in respect to  

climatic and soil conditions in the individual regions. 
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The 8%' Coanference of ta; E~tea*aa-~iun&L Boil Tillage B@S@- 
arch Organization, ISTXO, Budesrepublik I)euts~hlmd,k979 

K B B m e T :  The system of basic soil tillage a d  herbicides 
wag8 have their specific &%set on productiv5ty of p m i -  
culm crop ~otFB&ion, They act m y tPlkougb reductioa of 
weeds poplation m d  tkcough increased depth of ploug 
layer whxich rees~13-ts ia batter activation of natural soil 
potrsntids, 3x2 t b o e  crop roE.ot&ksn sugar bbseQ, a d z @  and 
wheat depth of ploughing was inv%stig&t@d as follows: P8- 
-mment pEon-g at 35 4x4 d e ~ p  a& 35 cm for mgaz beet and 
a cm for a&ze a d  wheat- OE! the, half of plota waads we- 
re control& mechanically andszd on the ocher 2adP by herbi- 
cides, Pemmerat pbougMng on 35 en gives bsttafr producti- 
s i%y  sf field. Weed eontroling by herbieidss has good effe- 
ct on maize and slg~~m bee* produe%iri$$, 

I n t r o d u c t i o n  
Herbicides usage as a nethod of weed control be- 

come more or less p m t  of field csop production, In whe- 
a% or maize it has longer period of rleas a d  soIutions are 

m c h  bettar t3.a in suga beet crop- HIL sugw beet herbi- 
cides nay cause sose wdasbed effects like decreased pro- 
ductivity in sons cases, This is result of lack of salec- 
tiv3.t~ of herbicidaa. Some weeds whicb m a  wide spread ia 
sue;= beet crop m e  closed relatives of sugm beet, This 
makes difficlty to kill w@eda;. and save sugw be@& plmts, 
Also interaction betwea nitrogen and some of herbicides 
p l q  its role in herbicides seleetiw5.tge Bone dele@ on su- 
g a  beet can be c m s ~ d  by h~rbicides asec? 5-a maize, This is 
quite posslible to observe in wheat B O ~  e.fter mhze. 

Besides sf herbicides weada cam be coatrobed by 
system of soil tilbags, f%$ of all, by depth a d  number 
of ploughing, Fertilizing m d  crop rotation .w a pets of 
soil utilizatiola also have) eff~cts ox w ~ e d  popula~ions,'~o- 
skive effect of basic soil $illage on productiviw of whe- 

at, c o ~ n  and sugm Best has bean p~oved in m a n y  eqeri- 



rnents (Sta~a6ev (6,7,8,10), Drezgi.8 i&* 1, KmkoviE (LC), 
JeatiE (31, Sta~ra6ev ids, (g,ll), Spasod~vi6 (5)), 

DrczgiE at all, (2) have iaves%igate of effecti- 
vity of es%ablishment of amble layer a d  period of its Gti- 
lizations mcl concluded that in four field rotation satabli- 
shent of wabl-a layer for sugu beet enabled shallow or ev- 
en very skraBEow ploughing %or wheat, maLze m d  rsmflow@r ia 
some rotation, d%hout loss of fielc%, 

Under diffesrent systems of soil tillage the weeds 
populations m e  altered. I't is well born that peramid 
weeds whit$ haves rizomes can be eontroled by chmging ds- 
pth of pPo g, In agrobiotops herbicides 8ire killing ce- 
rtia weed species because of tbeir selectivity. Weed spe- 
cies which e e  not under heZPbicides control become very 
prolific bscause they m e  frss from eoapetitions with other 
weeds, This probeem c m  be solved by conbi.nhg two or more 
he~bicides in particular crop. 

Weed control axid higher productivity of soil 
c m  be a%tsinad by prop~r choices of herbicides and system 
of soil tillage, Those two factors become very inpor.tant 
iri weed coatroling but they beax permment danger for ov- 
er popdation some of weeds species if nisused, 

To solve problaw. listed above we set an expe- 
riment with investigations of effects of systems of soil 
tillage and weed control on produetirity of g~'ow%ng srops 

ttPle-crops rotations, 

Hethods a d  materids 
In 1974, we aa%ablia;Pa@d Bong-tern field expesri- 

rnent. The soil w a s  chemozen. *erden%d wea was diw%- 
dsd into -&see fields with sugm beet, maizes and whose, In 
this experinone we hvestig&e& interaction between sgste- 
ms of soil tillage a d  herbicides usage in conbinations 
as follows: 
Pa Basic soil tiPlag@ 15 cm for all three+ crops 

a) Mechanicdl weed control 
b) weed control by herbicide, 

2 ,  Basic soil tillage of 35 en for suglar beet am3 20 crn 
for wheat and naize 



a) mechanical1 weed: control 

b) weed control b;g herbici&os 
For weed coakrol wa used Plerbicidss as follows: 

a) in ellugax beet crop - Boneet &lit/ha c Benzm 0,6 
kg/ha 

b3 in maize - BgeZon 3 Zitjha and 
c) in wheat - Dh~hbrbxa 42,4 D) 2,5 hitlha 

In every yeax we sown poly mono" sugm beat 
varict-gP, i'%a~aalP wheat variety m d  %SET-70 hybrid of rnakzs* 

Tha data we m a  dealing with in ttEsis papar a s  

from y e m e  1976, b 1978. This aems last gem? of firat 
and two gems of second Botakion, 

For est@eaakion sf cb73snatic conditio~s we $cave re- 
corded data for precipition md av~9rage aontlas temperatn- 
re only, Those data m e  in table 1, 

Tabel. More imp~^~.'Gmt data for weaek~r ~onditions 

XI-PI1 262 
Precipitation 

287 
39 49 36 

V 31 52 126 
K-VlII 290 2% 166 

W-vTI% 19,s me2 19- 3 e 13.0 l -0 
For of sugm bset the climatic conditions 

iB 1976- m d  1977- vrairexw nore favowab1~ "chtann in 1978, In 
tha first y e w  yield was 545 ncfnrah bend; in third 437,2 only. 
Amount and &istibution of precipitations bedsen winter 
aad growing a~ason smd &so distribntion of r& in growi- 
ng aeagson hawe pronomcsd a d v m t ~ e  of p@mameaad deep plo- 
@ing, In tha yearc of 1978, ~on&itions were mfavo~~~able 
for @awl$ &i1ling, The weat-her was cold in m a y .  Drought 
in jug and august SJBO take a r e  p w " c  slow p o e h  of 
sugar beet, 

Lass grscipita-biorr~ in winear period 197511976 
caused bigger afferences ira xields of m@z@ betwesen sha- 
llow and Beep ploughing, accor&ing 8;o o~xcs @q@ctationse 
It is need Go say that weather con&id'ions in all three 
years were favomabB@ for high field of adz@, Th6 conditi- 
ons i n  r ipemhg  period of 1978- were poor so the maize 
was h-eated -&tk M&er mai.shxe content which n&es ato- 
raga process nore difficdt, 

kdaatber coaditions for wheat were raddier satisfa- 
ctov in d.1 thee y e w s  yields of wheat war@ goodo 
It wa.8 &so satsfits sf high fleX&ing potential of ~mlriet$~ 



Lowest yia la  b 1976, wae caused 57 how a~~~ia txw6  content 
of s o i l  i n  springe lahat yew deep ploughing showed be t te r  
results ,  

Productivity of: thss  crop sotafzion dappendislg oa 
systi?marr of s o i l  t i l l a g e  mad weed control, %&eu& n a b  yi- 

eEda of crops, 28 nhowed ta.~%e 2, 
ICaba2, Yield of b w t s ,  wheat and za.i%e kmnols 

of 

35 em gives higher yield of a l l  tbz@a crops, For sugar be- 
e t ,  maize wad wheat 6,11fb3 7,05$ m& 2,8% rssicpectiv@lly, 
Wide rows crops which ripe in atman wf~h 6horkeg. growing 
season zsaet b@t%&r OP deepear ploughing t h m  whapat with 
lorngek growkg season which ends h &.me, A11tb.ougke f o r  m- 
grer beet ploughing was 35 em deep in both systens f ie l8s  
witk pemment deep pPBou&ing *@Id@& b@t%ero Sugar beet 
as aa plant  x b c h  forma i ts main $iLePB iEL the m i l  needs 
deep mrbIe lay-er L"o psovide: crop8 'with H ~ ~ B % U U " Q ,  good EL- 
erebiological ac t iv i ty  eatcm This eaa ba ba0;tdar& '$7 ecr 
rtah sysfzem of s o i l  t i l l age*  Postive affect  of deep plo- 
uaghing on produetixity of a a i e e  c m  bb 6qb~Lnbd by batter 
ma.LclGu~~'e accwmPatioa, ba'c%sxb biogeaic m i l  eoEldifzioaa;e and 
higher aetivm$ion of  nutrient^ in the  soi l ,  

H@rbiciBea applied i n  sugm beet a d  naaize have 
improved *eld. This w a s  3,45% mad lS,36% Ln average for  
three Teak3 236 Bwa be@& md ~ G Z Q  ~ @ b p i g ~ % i ~ @ x k g ~  h wB- 
eat hhezbicide~l have dec~eaaed by 4,4-33& %can judge 

effsces of herbicides it is  necessery %o %&& in to  aiomat 
effects  of herbicidas used for  previous two cropso PHega- 
t ive  effes t  of herbicides on yie ld  of wh@& can be c a s e d  
by herbicides used for  maize i n  qqr@vious y e a ,  After second 



rotat ion we sHsciil use for  maize herbicides with l e s s  resi- 
dual effects. Herbicide weds in present have good weed co- 
n t ro l  i n  maize, Yield was increased by 11,36% i n  rela*ion 
with yield obtained with rnechanica3l weed control. I n  su- 

g m  beet herbicides usage gives s l igh t ly  bet ter  yield but- 
withaut signiZicmt differences, This can be explained by 
fac ts  th8t  herbicides ki l led weeds but also did some demage 
iEP sugar beet, This negativ effects  on young plants m a y  be 
caused by herbicides and nitrogen md by interaction betwe- 
en th@mo 

Effects of herbicides was the sacs in both sys- 
teas of s o i l  t i l l a g e  l i k e  it warm i n  .average for  experiment. 
Theirs effect  on productivity of dl three crops car, be seen 
from table 3, 
a Zncrenent of productivity of tIkl?ee f i e l d  rotat ion 

The systems of s o i l  t i l l s g e  ~ c t s d  s M l m  in bo- 
t h  s g s t e ~ s  of weed control, as it was in average for  experi- 
nen%, Al%llougB %here i s  we& t e8ency  of i ~ c r e a s i n g  grodu- 
c t iv i ty  for  &E t b e e  crop i n  tlas sptelrs. with deeper prou- 

@xizag, Increased productivithty of pemment deep ploughed 
f i e lds  in conpaxieon with shallow ones i@ showed in table 4, 
Tab-4, Increnent of ~roductivi%y of thee, f i e ld  rotat ion 

C o n c l u s i o n s  

l. Basic s o i l  t i l l a g e  of 35 c2n deep i n  tlmrecs cr- 
op rotat ion increased productivity of dl crops i n  re la t i -  
oa -with &r"ferentiated s o i l  t i l l a g e  which new18 shdlow 
ploaghhg (20 cm) fop wh~at m d  n&ze and 35 can f o r  sragm 
bast, 

2, 6hedcaL w a y  of weed control s l igh t ly  inere- 
ased yield of sugm be@& but incrcnne-t in mdze w a ~  signi- 
ficant,  I n  wheat yield was decreased which p a ~ t 9 y  w a s  due 
t o  residusLB efr"ec%s o f  herbicides uscd LFA maize, 



3. TLa TIoYn SYS~BEW of basic s o i l  t i l l a g e  herbici- 
des acted sixailax& on productivi@ af rotatition, 

4 In both systems of weed cotroE iavestigeted 
systems of basic s o i l  ki l lage acted s i h l m l y ,  but with 
tendency of i nc reasbg  prodnctivity i f  soil was p l o m 8 d  
35 em amp, 
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EFPECT OF PLOWED UNDZR ORGANIC MATTER I N  GROWING YilZE AS 
I~IONUCULTURE 01\1 SOIL M0ISTUP.E AND TlELD 

R, Zovanovi6 and M. Veskovi6 

Mai'ze Research I n s t i t u t e  Zemun Pol je ,  Beograd - Zemu, 
Yugoslavia 

Summary 

The e f f e c t  of plowed under organlc matter w 
vest igated on a carbonate chernozem type of s o l 1  a t  t 
Research I n s t i t u t e  i n  Zemun Polje,  The study was made 
p l o t  where maize was grown in monoculture over s8e ra l  

Maize s t a l k s  and s t a b l e  manure was plowed u 
the s o i l  a s  organic matter. 

Vzriants: 

Maize s t a lks :  

a )  cu t  and removed from the  f i  

b) 50% plowed under, 50% remov 
c )  Zoo% plowed under 

S table  manure: 
a )  without s t a b l e  manure 
b)  0,596 of the  volume of plowel 
c)  1,5% of the volume of plowel 

Maize s t a l k s  were plowed under every year i: 
f a l l  during primary t i l l a g e .  S tab le  manure was incorp, 
i n t o  the s o i l  every t h i r d  year a l s o  during primary ti: 

a s  in- 
he Maize 

on a 
years. 

nder i n t o  

eld 
ed 

d s o i l  
d s o i l  

n t he  
orated 
llage. 
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EFFECTS OF DIFFERENT TYPES OF SOIL TILLAGE ON SOIL PROPERTIES AM, 

YJELD PARAMETERS OF WHEAT AND SUGAR-mS 

M. Zach, 
Ins t i tu t  fiir Pflanzenbau und Saatgutforschune; der 
Bunciesforschungsanstalt filr Landwirtschaft 
Eraunschweig-ViIkenrode, bxdesallee 50, 
3300 Eraunschweig, Federal Republic Germany 

In a 4 years f i e ld  experiment with a crop rotation of high proportion 

of cereals an3 crop residue incorporation, 3 t i l l age  systems have 

been examined in which the tools were plough, heavy cultivator an3 

rotavator. The experiments have been carried out u d e r  different 

so i l  conditions. 

Mainly, the aspects of s o i l  porosity, root development of sugar beet 

and the yield efficiency of winter wheat and sugar beet have been 

discussed. 

Due t o  the findings, an attempt has been undertaken t o  precise the 

advantages ard disadvantages of the investigated t i l l age  systems and 

t o  recogrise the consequences of thei r  application. 

PERFORMANCE OF THE TEST 

During the years 1974 - 77, f i e ld  experiments have been carried out 

t o  investigate the influence of different t i l l age  systems i n  three 

locations: loamy sand, loamy silt an3 s i l t y  clay-loam. The t i l l age  

systems and the implements used are  given in table 1. 

A 4 years crop rotation with 75 % of cereals proportion: sugar beet - 
winter wheat - winter wheat - winter barley has been selected. In a l l  
cases orgmic crop residues (straw and beet leafs)  have been incorpo- 

rated with a same mineral f e r t i l i z e r  and herbicide level.  The herbicide 

quantity used w a s  determined according t o  the plou@;h-system. This level 

w a s  also used for  other t i l l age  systems in order t o  check the weed 

infestation. 



System stubble primary seedbed- saving 
cultivat . t i l l age  preparat . 

1 plough + 
C: - rotary seedbed seed d r i l l  

Plough harrow packer canbin. 

(25 a) SB: seedbed precision 
combin. seeder 

C: - 
2 heavy heavy seedbed seed d r i l l  

cultivator cultivat. cultivat . combin. 

(10 cm) (20 a) 
SB: seedbed precision 

combin. seeder 

3 rotavator C: - Rotaseeder 
rotavator (8 SB: rotavat. seedbed precision 

(12 cm) combinat. seeder 

C = cereals SB = sugar beet 

Table 1: Soil t i l l age  systems and the applicated implements 

(1974 - 77) 

The investigations were concentrated mainly on: 

- deternination of the physical proportion of so i l s  - m a l l y  deter- 

mination of pore volumina and air content at pF 2,O; 

- determination of the forked beets; 

- amdally determination of the plant development especially the yield 

efficiency . 

RESULTS 

Influence of different t i l l age  systems or, the physical conditions of 

soi ls  - 
Changes i n  so i l  structure, i. e. pore volume, average of 2 depths, 

af ter  4 years of applications of 3 s o i l  t i l l age  systems is  given i n  

table 2. The last column represents the limiting values of the 

"optimal pore volume" according CZERATZKI. 



pore volume (vol. %) optirr.. 
- pore 

depth t i l l age  system so i l  volume 
(cm) Plough culti- rota- 

vator vator (vol. %) 

loamy 5 - 10 4038 43,1 42,O 40 . 
sand 15 - 20 42,O 41,3 37,8 

10- 5 - 10 47,6 48,6 47,3 45 - 
silt 15 - 20 47.7 46,4 43,9 

s i l t y  5 - 10 47,6 44,3 42,5 47 
clay-loam 15 - 20 44,l 43,5 40 ,o 

Table 2: Total pore volume af ter  4 years of application of the 

different t i l l age  systems (1977) 

The data indicate significant differences especially i n  the rotavator- 

system treatment within the layer 15 - 20 cm i n  all investigated lo- 

cations. This i s  especially true for the s i l t y  clay-lorn. so i l  i n  

which the pore volume w a s  decreased about 7 % and reached 49 vol.% 

(air content a t  pF 2,O = 3,1 vol.%) instead of 47 vol.% (air content 

a t  pF 2,O about 12 vol.%) which represents the optimrn case. No 

differences could be achieved between the other two systems. 

Influence of different t i l l age  systems on percentage of the forked 

beets 

The percentage of the forked beets were determined i n  order t o  inves- 

t igate the influence of the different t i l l age  systems on mt develop- 

ment (Fig. 1). 

The results  indicate very clearly that  the proportion of forked beets 

i n  the l o w  sand so i l  were two times greater due t o  the use of rota- 

vator system than those of plough- and cultivator system as a resul t  

of so i l  compaction i n  the layer 15 - 20 cm. On the loamy silty-soil,  

the percentage of the forked beets increased with decreasing the 

primary so i l  t i l l age  depth (plough - cultivator - rotavator system). 

On the heavy, s i l t y  clay-loam so i l  the percentage w a s  generzlly high. 

Also the primary s o i l  t i l l age  with plough caused high percentage 

values. This can be recogrLsed as  a resul t  of the existing of rough 



Fig. 1: Influence of the different t i l l age  systems on the 
percentage of the forked beets 

t i l l age  system: P = plough, G = cultivator, F = rotava- 
L.UL. 

soi l :  lehm.Sand = lomy sand, 1ehm.Schluff = loamy 
silt, schluff .-ton.lehm = s i l t y  clay-loam 

cloddy plough furrow, i n  which the weight percentage of the 80 rmn clods 

and big@;er, w a s  2 - 3 times higher as those of the cultivator. The 
clods i n  the deeper layer h i d e r  the developnent of the beets. The 

seedbed preparation should be also done intensively, viz.  several 

working operations might be necessary for  heavy soils .  

Lnfl2ence of t i l l age  systems on yields .of cereals and s w a r  beet 

Yield of swar beet 

Significant differences between the yield efficiencies of the 3 loca- 

tions could not be recognised i n  spi te  of the fact  that  the low 

t i l l age  depth of the cultivator- an3 especially of the rotavator 

system led t o  s o i l  compaction of the layer up t o  15 an manifest t h i s  

fact  and demonstrate the sugar beet yield in comparison with plo@ 

system treatment during the 4 years period (fig. 2).  

This effect of the mechanical and equal chemical weed control w a s  the 

same i n  all t i l l age  systems. The long period between the t i l l age  and 

cultivation has influenced positively the mechaaical weed control 

through an intensive stubble cultivation and straw incorporation. The 

trend t o  shallow primary tillage were coupled with a bad quality of 

the beet as a resul t  of increasing the forked beets proportion (fig.1) 

through the rotavator system. Further, the beet embedding i n  the  s o i l  

w a s  quite differently. The apparent part above groud was rather 

b k e r .  Difficulties ar ise  then for  mechamisation of the beets uproo- 

t ing as a result  of unaccuracy of beet 's topping, which lead t o  a 
higher yield loss. 



Fig. 2: Influence of the different t i l l age  systems on the 
yield of swar  beet i n  relat ion t o  plou@;h = 100 % 

t i l l age  system: P f h g  = plough; Grubber = cultivator 
Fr%e = rotavator 

soil :  lehm.Sard = loamy sand, 1ehm.Schluff = loamy 
silt, sch1uff.-ton. L&n = s i l t y  clay-loam 

Yield of winter wheat 

Essential higher yield differences of the winter wheat were recognised. 

The figure 3 demonstrates the development of grain yield relatively 

of winter *at (after winter wheat) i n  the crop rotat ion of the 

cultivator- and rotavator systems i n  comparison t o  the ploughsystem 

(100 %). 

A slight decrease of the yield as  a whole on lomy sand and loamy 

silt so i l s  w a s  recognised as a resul t  of repeated application of 

cultivator- and rotavator systems. Significant low yields were 
t h  achieved at 31̂ d and 4 year after  repeated application of the rota- 

vator system and only at 3N year by means of cultivator system on 
l o w  silt soil .  

The uniformity of seeding depth by rotaseeder led t o  a decrease of 

the yield efficiency. The yield decrease was proportional t o  the in- 
creasing of weed infestation (grass weed) as a resul t  of repeated cul- 

tivation of winter cereals. The germinated grass weed after stubble 

cultivation w a s  effectively controlled by means of turn over effect  

of the primary t i l l age  of the p l o w  due t o  the proper incorporation 

of weeds i n  the deeper layer rather than by means of cultivator or 

rotavator. 

A significant low yield has been obtained only one time kdeed by 
using the rotavator system on the s i l t y  c lay- low so i l .  



Fig. 3: Influence of the different t i l l age  systems on the 
yield of winter wheat (after  winter wheat) i n  relat ion 
t o  plough = 100 % 

t i l l age  system: Pflug = plough, Grubber = cultivator 
Fr&e = rotavator 

soil :  lehm.Sand = loamy sand, 1ehm.Schluff = l o w  silt 
sch1uff.-ton.Lehm = s i l t y  clay-loam 

CONCLUSION 

The experience gained from the 4 years investigation may be concluded 

a follows : 

- Essentially could be said, that  plough alternative systems, 

especially a heavy cultivator can be applicated with success also 

i n  a crop rotation with high proportion of cereals. 

The rotavator system is not suitable fo r  sugar beet cultivation. 

- The frequency of application of the alternative systems depends on 

several factors. Not only the climate, the pmsical  s o i l  conditions 

and crop rotations but also the weed elimination is  essential 

especially a differentiation of weed control should be then made 

according t o  the t i l l age  system used. 

- By heavier incorporation of organic crop residue, mainly straw, it 

is essential t o  ask fo r  a disturbance f ree  sowing technique. 
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SF'lVCT O F  MIKIBTJM 'PILLAGE AND PBXCEDING CROPS ON THE YIELD OF 

MkIZ3 

B. h8 i lo j i6  and D. B02ib 

Faculty of A g r i  cul tu rn ,  Beograd - Zemun, YUKO s l a v i a  

Abstract 

Minimum t i l l a g s  v a r i a n t s  have been i n v e s t i g a t e l :  ploughing 

at t h r  depth of  30 and 20 crr: and r o t o f r a s i n g  at t h t  depth of 8 

and 4 cm with the preceding crops: winter  wheat, sugar bee t  and 

a l f a l f a  on chernozem. 

tin tho b a s i s  of three-year i n v e s t i g s t i o n s  the following can 

b- conclu3ed: The highest  maize y i e l d  was a f f ec t ed  by ploughing 

at the depth of 30 and 28 cu. No different- was observed i n  t he  

y i e l d  depending on the  depth of ploughing, which i n d i c a t s s  t h a t  

i t  would be poss ib le  t o  till tho s o i l  more r a t i ona l ly .  

Application of ro tova to r  caused very s i g n i f i c a n t  decrease 

i n  maize y i e l d  a s  compared with t h r  app l i ca t ion  of  plough a f t e r  

pmoedin,; Jropsa winter  wheat and a l f a l f a ,  with t he  rxcept ion of 

sugar bee t  i n  which t i l l a g e  depth by ro tova tor  app l i ca t ion  dons 

not  a f f e c t  the  y ip ld  r a t e .  The highest  average y i e l d  of maize was 

obtained a f t e r  a l f a l f a ,  lower a f t e r  sugar  bee t  and t h e  lowest af- 

ter win te r  whoa'. 

The progress  i n  maize growing by in t roduc t ion  of t h =  high 
y i e ld  hybrids ,  high q u a l i t y  t i l l a g e  and proper care  i s  wel l  known. 
Although most of the  innovat ions  have b-en introduced i n  maize 
growing, there  a r e  s t i l l  d i f f e r r n t  opinions on y i e l d  i nc rease  and 
product ivi ty .  

Development of chemisation, mechanization an3 i n t s n s i f i c a -  
t i o n  a f f ec t ed  the i nves t iga t ions  of the v a r i a n t s  of minimum til- 
l age  i n  a  number of countr i -s .  

According t o  some authors  t h i s  is  a  progressive d i r s c t i o n ,  
t he re fo re ,  tho a t ten%ion  of a g r i c u l t u r a l  sc iences  and p rac t i ce  
is  more and more aimed t o  developing thq v a r i a n t s  of minimum til- 
l age  ( ( ~ i l o j i b ,  1963, 19643 Drnzgib, 1968; Milojib-Dakib, 1972; 
LilojiE-UtaSeviB, 1973; Milojii:  n t  a l . ,  1976). 

From 1963 on, few works r e l a t e d  t o  the  problem of minimum 
t i l l a g e  f o r  maize have bsen publishrd i n  our  country. 



(Xlr objec t ive  w a s  to  examine how t h r  v a r i a n t s  of minimum til, , 

l age  by ploughing a t  20 cm and ro tova tc r  appl ica t ion  a t  8 and 4 om 
depth a f f e c t  t h ~  maize y i e ld  on chernozem when compared t o  t he  
c l a s s i c a l  and conventional t i l l a g e  at  30 cm depth a f t e r  winter  whe- 
a t ,  sugar beet  and a l f a l f a  a s  preceding crops. 

The examination of one v a r i a n t  of m i n i m  t i l l a g e  and preoe- 
ding crop e f f e c t  on the maize y i e ld  was performed i n  the  period of 
l i70 /1  - 1972/3 on chernozem s o i l .  Chernozem is  charac te r ized  by 
l i g h t e r  mechanical composition (4i$ physical  c l ay ) ,  and according 
t o  t he  s tandard labora tory  & d y s e s ,  i n  the  ploughing l a y e r  i t  
contains  i;,17-0,19jb 3 ,  3,6 - 4,2 m g  P205 and 18 ,6  - 20,2 mg/lOog 
s o i l  c f  K20, The examination was c a r r i e d  c u t  by the  f i e l d  experi- 
msnt method i n  6 r ep l i ca t i cns .  The s i z e  of the  b a s i c  p l o t  was 
59 m2, The v a r i a n t s  i n  the  trial were arranged ranSomly. 

,The fol lowing t i l l a g e  v a r i a n t s  were inves t iga ted ;  

A. T i l l age  with plough a t  30 cm - conventional t i l l a g e  - oon- 
t r o l j  

13. Pillage with plough a t  20 cm; 
6. T i l lage  with  a ro tova tc r  a t  ti cmj 
D. 'Tillage with ro tova tor  a t  4 cm. 
Th* preoeding crops wem winter  wheat, sugar bee t  and alfalfa. 

In  ind iv idua l  v a r i a n t s  s o i l  t i l l a g e  var ied  according t o  the  
preceding crop. 

i. Ploughing a t  30 cm depth /cnnventiona.l t i l l age / r  

a )  pr-ceding crop - wheat; i nme l i a t e ly  a f t e r  harves t ing  
of wheat plou$hing of  s tubble  f i e l d  a t  10-12 cm an4 harrowing took 
place,  and a t  the  beginning of  autumn ploughing at 30 cm was per- 
forrnnd. Immediately a f t e r  ploughing haevy d i s c  was appl ied and a 
month l a t e r  - a l i g h t e r  d i s c  i n  o rde r  t o  destroy weeds$ 

bj Preceding crop - sugar  bee t :  immediately a f t e r  t ak ing  
out  sugar  bee t ,  ploughing at 30 cm an% d i s c i n g  with h a e v y d i s c  w a s  
performed; 

c )  preceding crop - a l f a l f a :  a f t e r  the  t h i r d  swath the s o i l  
was ploughed a t  2U cm snd a month l a t e r  ploughing at -30 cm was psr- 
formed a s  well a s  discing.  A t  the  end of autumn a l i g h t e r  d i s c  was 
appl ied aga ins t  weeds, 

Pre-sowing s o i l  t i l l a g e  a f t e r  a l l  preceding crops was c a r r i e d  
out byr 

2. Ploughing a t  20 cm depth d i f f e r e d  from the conventional 
t i l l a g e  a t  2d cm. 

3. 8otova:ing a t  6 om depth /LR 8CL225/8 
a )  preceding crop - winter  wheat: a f t e r  wheat harves t ing ,  

ploughing of s tubble  f i e l d  a t  10-12 cm,with harrowing, was p e r f o p  
mad. Preparat ion of s o i l  f o r  sowing was done i n  sp r ing  by the  a p  
p l i c a t i c n  of ro tova tor  a t  t he  depth of 8 cmj 

b j  preceding crop - susa r  beet?  s o i l  t i l l a g e  a f t e r  sugar 
bee t  cons is ted  of t h ~  sp r ing  r , - t ova t c r  app l i ca t ion  a t  8 cm i n  cr- 
der  to prepsrn the s o i l  f o r  sowing; 

c) preceding crop - a l f a l f a ;  s o i l  t i l l a g e  a f t e r  a l f a l f a  
was the same a s  a f t e r  the  sugar beet.  

4. Application of rotcvabor a t  4 cm depth was performed i n  



/ the  s a ~ +  manner a s  ln tho preceding var ian t .  var. >To. 3/, while ' 
th- ro tova tor  was a p w l i d  a+ 4  cm depth. 

F p r t i l i z i n g  system i n  these experiments w a s  basod on mine- 
r a l  f e r t i l i z e r s  apa l ied  over suppl ies .  Namely, i n  autumn 1969 
280 kg/ha P20j and 260 kg/ha K20 was ploughed i n  i n  the varian- 
t s  with winter  wheat and mnize a s  preceding crops. F i t r cgsn  fe r -  
t i l i z e r s ,  except f o r  a l f a l f a  a s  pr-ceding crop were appl ied 
i n  8 q u a c t i t y  of 120 kg/ha N ( 0 5  kg/ha i n  pra-sowing prep-trat- 
ion ,  and 60 kg/ha N a s  top  dress ing) .  

3owing o? hybrids W-WS SK-7C ws.s done by hand i n  the se- 
cond h a l f  of 9 p r i l  a t  d i s tance  of 70 cm x 64 cm + 2(44,642 p l an t s  
per haj. 

During the vegetat ion period 3 c u l t i v a t i o n s  aera  performed 
i n  1 4 7 1  and 4 i n  1972 and 1473 i n  order  to  destroy weads. Rerbi- 
c ides  were not  applied. 

Pro tec t ion  of maize f r o m  s o i l  pe s t s  was done by the  appli- 
ca t ion  of  g-oline G-3 ( 3 ~  kg/ha i n  the  pre-sowing preparat ion of 
s o i l .  

i iarv-sting was ca r r i ed  out b) hand when t h ~  maize was f ~ l l y  
r i pe .  

The r e s u l t s  have been processed by tho ana lys i s  of variance. 

h s t eo ro log ica l  condi t ions  

Th- meteorological  condi t ions  - th- average monthly tampe- 
r a t u r e s  an6 pr -c ip i  t a t i on  amounts a r e  a s  follows: 

1 3 .  A e ragr  monthly temparaturms \ C  j P r e c i p i t a t i o n s  i n  mm 

Taking i n t o  considerat ion the  temperature condi t ions  and pmci-  
p i t a t i o n  d i s t r i b u t i o n ,  i t  c-an be c o n c l u d c ~  t h a t ,  f o r  maiz? pro- 
duct ion,  m ~ t s o r o l o g i c a l  condi t ions  were the bes t  i n  3.972. 

RYSriLTS ANT, D1SCiTSSI"N 

The r e s u l t s  of the  study of t he  e f f e c t  of minimum t i l l a g e  
v a r i a n t  a s  well as t t e  kind of prscading crop on maize y i e l d  
a r e  given i n  Table 1. 

The highest  maize ; . ield on t'iis type of  s o i l  i n  1971 was 
acliieced by ploughing a f t e r  a l l  pr-ceding crops,  Tho depth of 
t i ' j l age  d id  not  inf luence the y i e ld .  Namsly, the  r a t e  of y i e l d  
i s  p r a c t i c a l l y  the  aame a t  both Aapths t i l l e d  with plough. How- 
ever ,  t i l l a g e  by the app l i ca t ion  of ro tova tor  a t  b cm,when cDm- 
pared with  the t i l l a g e  a t  4 cm, l ead  to  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 nc rease  of maize y i e l d  a f t e r  winter  wheat 3nd a l f a l f a  a s  precn- 
ding crops ('1916 mc/ha and 7,32 mc/ha, but  not a f t e r  the sugar 
bee t  (2,76 mc/haj. 

S o i l  t i l l a g e  by ro tova to r  a t  8 cm depth caused s t a t i s t i c a l l y  
s i g n i f i c a n t  decrease 0'' y i e l d  a f t e r  win te r  wheat (6,b0 - 7,38 mc/ 
ha) and very high a f t e r  a l f a l f a  (12,62 - 13,08 mc/haj if  compa- 
r ed  t o  t i l l a g e  b y  plough. Howevcr, tho ,decrease of y i e ld  a f t e r  
sugar bee t  wa.i 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 .  !'&en tho s o i l  was 
t i l l e d  b> the  app l i ca t ion  of  ro tova to r  a t  the  depth of 4 cm sta- 
t i s t i c a l l y  s i g n i f i c a n t  decreae of y i e l d  was obtained a f t e r  wheat 
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( l 3 ,98  - 1 4 9 j 6  mc/haj a f t e r  a l f a l f a  (19,94 - 2C,40 mc/ha and 
a f t e r  sue-r b-et a t  the s ign i f icance  l i m i t  (6,88 - 7,72 mc/ha), 
when compared with ploughing. 

I n  1972, a s  i n  tho preceding ymar, tho highest  m i z e  y i e ld  
w a s  obtained by ploughing a t  30 an6 20 am, whereby no differen-  
ces  i n  y i e l d  were not iced i n  r e l a t i o n  t o  tho t i l l a g e  depth. This 
year ,  i n  con t r a s t  with t he  preceding one, no d i f f e m n c e s  i n  xi- 
s l d  nero observed with r r s p e c t  tq the depth t o  the  t i l l a g e  depth 
by ro tova tor ,  i .e .  t h ~  d i f f e r ences  a r e  within the l i m i t s  of ex- 
psrimontal e r ro r .  

So i l  t i l l a g e  by ro tova tor  causes,  s t a t i s t i c a l l y  very s igni-  
f i c a n t  decrease of xi513 af tsr a l f a l f a  (15,24 -17,86 mc/ha st 
8 cm and 21,14 - 22,76 mc/ha a t  4  om depth) when compared t o  plo- 
ughing, while the  decrease a f t e r  winter wheat is not s t a t i s t i c a l -  
l y  s i g r ~ i l i c a n t .  Eov:ever, a f t e r  sugar b e e t ,  when compared with plo- 
ughing v a r i s a t s ,  s t a t i s t i c a l l y  s i g n i f i c a n t  decrease c f  y io ld  is 
obtained only by t i l l a g e  with ro tova tor  a t  8 cm ( 1 0 ~ 6 ~  - 11,04 
rnc/haj. 

In  the  t h i r d  year  of t h s  axperiment the  highest  y i e l d  on 
ohernozem was obtained by t i l l a g e  with plough a t  both depths 
a f t e r  win te r  wheat and maize, w : i l e  a f t e r  a l f a l f a  only by deeper 
ploughing, which i s  c h a r a c t e r i s t i c  f o r  1973 i n  comparison with 
the preceding years. It should b- added t h a t  a f t e r  winter  wheat, 
ploughing at 20 cm caused, i n  r e l a t i o n  t o  plcughing a t  30 cm, st&- 
t i s t i c a l l y  s i g n i f i c a n t  decrease of  y i e l d  (7,46 mc/ha) and a f t e r  
a l f a l f a  even vs ry  s i g n i f i c a n t  (12,24 mc/ha). This is  the only ca- 
s e  i n  tha  three-year sxporirnent on chernozem tha t  deeper plough- 
i n g  i n  m l a t i o n  'GO the  shallower provided s t a t i s t i c a l l y  s i g n i f i -  
cant i ~ c r e a s e  of yinld.  

Soi: t i l l a g e  by ro tova to r  appl ica t ion  caused 3ecrease i n  yi- 
e l d  i f  compared t o  ploughing (20 cmj aftsr a l f a l f a .  !!owever, t he  
app l i ca t ion  of ro tova tor  c a u s ~ d  s t a t i s t i c a l l y  very s i g n i f i c a n t  
$@crease of  y i e l d  i f  ocmparsd t o  the ploughing a t  30 cm depth af- 
t e r  a l f a l f a  an9 winter  wheat ( 1 ~ ~ 3 0  - l 0 ,18  mc/ha and 14,43 - 
16,223 mc/ha) an4 a f t p r  sugar baot i f  compared t o  ploughing a t  both 
de>ths  - l i 7 3 2  - 11,56 mc/hz. S t a t i s t i c a l l y  s i g n i f i c a n t  3ecrease 
of y i e ld  was obtained by t i l l a g n  with ro tova tor  i n  r e l a t i o n  to  plo- 
ughing at 20 cm a f t e r  wintnr  wheat, 

It shoul3 be emphasize? t h a t  i n  1973 t.ha 3epth of s o i l  t i l l a -  
ge by app l i ca t ion  of ro tova to r ,  a f t s r  a l l  prncefiing crops,  had not  
affected the  y i e l d  of maize. 

During the  thrae-year experimental period the h ighes t  avera- 
ge y i e ld  o f  maize by t i l l a g e  with plough, a f t e r  a l l  preceding 
crops mas obtainsd on chornozen. '?hereby the d i f f e r ence  accounti- 
ng f o r  the  dssper  ploughing has not  bean s t a t i s t i c a l l y  proved; 
n e i t h e r  was tho s ign i f i cance  of t he  d i f f e r ~ n c a  i n  y i e l d  i n  depnn- 
dance of  t i l l a g e  depth by the app l i ca t ion  of rotovator .  

It s h o u l d b ~ p o i n t e d  out t h a t  t h s  average y i e l d  of maize by 
deeper t i l l a g e  us ing  ro tova to r  w s s  h igher  f o r  3,5G rnc/ha a f t e r  
winter  wheat and f o r  4,03 rnc/ha a f t e r  a l f a l f a ,  a s  w ~ l l  a s  t h a t  
t h e  dse2er ploaghing had a  higher  e f f e c t  on the y i e l d  f o r  4,46 
mc/ha. 

S o i l  t i l l a g e  by ro tova to r  within the three-ypar pnriod caused 
s t a t i s t i c a l l y  vary s i g n i f i c a n t  4ecrsase  of maize y i e l d  if compa- 
red to ploughing, a f t e r  a l l  preceding crops. This decrease amounts 
from 'i,b6 - l2 ,78 mc/ha a f t e r  wheat, frm 8,54 - 9,58 mc/ha a f t e r  



sugar beet  and from 9,13 - 17,62 mc/ha a f t e r  a l f a l f a .  

?ha question of the  e f f e c t  of mannrr and depth of va r i an t  
of minimum t i l l a g e  on msizn y i e ld  i s  i n t * r ~ s t i n g  from both the- 
o r e t i c a l  and p r a c t i c a l  point  of view. Them a re  r e s u l t s  t h a t  con- 
f i rm t h a t  thero a r e  no s t a t i s t i c a l  d i f f ~ r r n a e ~  i n  maize y i e l d  by 
ploughing a t  46 and 30 cm, a s  well  a s  by ploughing a t  35 and 25 
cm 4epth (Podorov-Stoinnv, 1970) and 45 crn and 23 - 25 om ( ~ a s i -  
l e v ,  1971). 

I n  our  experiments no s t a t i s t i c a l l y  s i g n i f i c a n t  dif feran-  
ces were e s t ab l i shed  i n  maize y in ld  by t i l l a g e  a t  30 and 20 am. 

Th- conclusions of many authors  a r e  t h a t  such inves t iga t i -  
ons requi re  a long p ~ r i o d  of time. I f  the  r ~ s u l t s  of several  year  
inv-s t iga t ions  would show t h a t  tho depth of  ploughing has  no in- 
f luence on the y i e l d  of maize, t ha t  would ind ica t e  an increase  
i n  pconomy of maize &.yowing. 
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EFFECT OF DIFFERENT TILLAGE METHODS APPLIED TO CHERNOZEM S O I L  
OM SOME SOIL PROPERTIES AND PlAIZE FIELDS 

Bb. KolEar and 2. Videnovik 

Maize Research Institute Zemun Polje, Beograd - Zemun, Yugoslavia 

Abstract 

In this paper three tillage methods were investigated: 
zero tillage, rotary tillage and conventional tillage. In addition 
investigations were made of three methods of disposing cf wheat 
straw after harvestinng: burning od straw, baling and leaving the 
straw on the field. In connection with this, the content of humus 
in the soil was iavestigated at the begiming and the end of the 
maize growing peried. 

The aoisture content of the top layer was observed as 
affected by the factors mentioned above, 

At the end of the paper results of maize yields are 
given, 
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SOIL TILLAGE IN A LONG TERM WHEAT MONOCULTURE. 

Incidence on s o i l ,  physical so i l  properties,  plant diseases,  weeds 

infesta t ion and wheat yie lds  

A. Vez, 

Federal Agricultural Research Station Changins, CH-1260 Nyon 

ABSTRACT 

In a long term experiment of wheat monoculture established i n  1967 
on an old grassland, d i r ec t  d r i l l i n g  was compared t o  the  conventio- 
nal method. The following observations were made: 

The organic matter content of the  so i l  and the aggregate s t a b i l i t y  
decrease more rapidly i n  ploughed than i n  unt i l led plots .  No dete- 
r iorat ion of the  so i l  s t ruc ture  was observed i n  unt i l led p lo t s ,  even 
a t  long term. Eyespot was more severe and the wheat y ie ld  lower i n  
ploughed plots.  

Introduction and experimental design 

A long term experiment was established i n  a wheat monoculture a t  
Changins i n  order t o  invest igate  the long term e f f ec t s  of reduced 
cu l t iva t ion  on the s o i l  physical evolution, on plant diseases,  on 
weeds in fes ta t ion  and on crop y ie lds .  T h i s  experiment was s ta r ted  
i n  1967 on an old natural grassland. 

Soil type: c lay 28%, s i l t  67,5%, sand 4,5%, organic ma 
top layer  4,1%, layer 10 t o  20 cm depth 3,2%. 

The following treatments were carr ied out: 

l  Direct d r i l l i n g ,  wheat monoculture 

2. Conventional t i l l a g e  (discing of the stubble,  ploug 
beginning of October, sowing mid of October): whea 

3. Direct d r i l l i n g ,  wheat monoculture unt i l  1976, then 
maize - wheat - rape - wheat 

4. Conventional t i l l a g e ,  rota t ion as  3 

5. Conventional t i 1  lage,  wheat monocul t u re  unt i l  1974, 
t ion oa t  - wheat - rape - wheat 

Treatments 3, 4 and 5 were used from 1967 t o  1974 i n  o r  
ne complementary questions re la ted t o  a reduction of so i l  t i l l a g e  
and t o  wheat monoculture (application of fungicides, complement of 
nitrogen, sowing methods, problems of the straw gathered a t  the so i l  
surface) .  

Treatments 1 and 3 were d r i l l ed  w i t h  a  t r i p l e  d i sc  coul te r  from 1967 
t o  1971. Since 1972, these plots  were regularly sown w i t h  a  "Rau- 
Kombi" d r i l l .  T h i s  implement is based on the adaptation of a power 
driven rotary cu l t iva tor  f o r  d i r ec t  d r i l l i ng .  The seeds a r e  broad- 



casted. This d r i l l  i s  l e s s  impeded by the t rash on the so i l  surface 
than the t r i p l e  disc.  The working depth was del iberate ly  very shal lw,  
normally 3 to  4 cm. Wi th  the exception of t h i s  very s l i g h t  cult iva- 
t ion ,  when sowing, the soi l  was not t i l l e d .  Paraquat was used syste- 
matically t o  destroy the vegetation i n  the unti l  led plots.  Complemen- 
ta ry  treatments w i t h  aminotriazole o r  glyphosate were carried out as  
circumstances required. 

Size of the  plots:  I60 m2 

Number of repl icates :  4 

In this paper, we have focused our observations mainly on treatments 
1 and 2 .  

Results 

Changes i n  so i l  conditions ---- ..................... 
T h i s  t r i a l  was carr ied out on a natural grassland. The i n i t i a l  orga- 
nic matter content of the so i l  was therefore r e l a t i ve ly  high. The i n -  
troduction of cu l t iva t ion  and cropping caused a marked decrease of the  
organic matter content ( t ab l e  7). T h i s  decrease i s  s ign i f ican t ly  s l0-  
wer a f t e r  d i r ec t  d r i l l i n g .  

The reduction of the s t a b i l i t y  of so i l  aggregates was par t icu la r ly  
evident i n  the conventional t i l l e d  plots  ( t ab l e  1 ) .  However, the  s ta -  
b i l i t y  of the  aggregates was lower a f t e r  d i r ec t  d r i l l i n g  than a f t e r  
grassland. In the p lo t s ,  which were systematically ploughed, we have 
noticed a trend t o  slaking and crusting i n  the spring,  which increased 
from year t o  year. 

Since 1972, the to ta l  porosity and a i r  capacity a t  pF 2 was checked 
each year i n  April a t  two depths ( t ab l e  2 ) .  In this so i l  r ich i n  c lay 
and we31 provided i n  organic matter,  we noticed t h a t  the  porosity and 
macroporosity remained much the same during a l l  those years i n  the un- 
t i l l e d  plots .  Frost e f f e c t s  during winter, so i l  swelling and shrinka- 
ge due t o  wetting and drying allow t o  preserve a good so i l  s t ructure .  

In the ploughed p lo ts ,  porosity and a i r  capacity of the  s o i l ,  which 
were checked i n  April ,  varied considerably from year t o  year. When 
the autumn was wett ,  as in  1974 o r  1977 (313 and 318 mm precipi ta t ion 
i n  September and October), the  so i l  was t i l l e d  i n  wet conditions and 
consequently macroporosity o f  the  so i l  i n  the  following spring was 
very low. On the  contrary, when the autumn was favourable and the  win -  
t e r  dry,  the  increase of porosity caused by ploughing was s t i l l  evi-  
dent i n  the following spring. Some so i l  p rof i les  carr ied out  i n  1975 
and 7978 i n  the  ploughed p lo ts  showed a deter iorat ion of the  so i l  
s t ruc ture  w i t h  some marks of gley (pseudogleyfication). Such deterio- 
ra t ions  could not be seen i n  the un t i l l ed  p lo t s ,  where t he  macroporo- 
s i t y  varied very l i t t l e  from year t o  year,  i n  s p i t e  of a t o t a l  pore 
space which was generally lower i n  the  layer  from 10 t o  20 cm depth. 

Effects on pests and diseases ----------- ----------------- 
Eyespot (Cercosporella herpotrichoides) has severely affected this 
wheat monoculture f o r  many years .  Contrary t o  our expectation, the  
a t tack of eyespot was obviously more severe on the ploughed p lo t s  
(tab1 e 3) .  

According t o  YARHAM and HIRST (1975), the a t tack  of eyespot i n  the  
spring is re la ted t o  the importance of t he  infect ions  brought by dead 

' 



Table 1 - Evolution of the organic matter content of the soi l  and of the s t a b i l i t y  of the soi l  aggregates 

Kind of control Layer examined Year Conventional Grass1 and* 
(depth) t i l l a g e  

Direct d r i l l i n g  as check plot  

% of organic matter in  the so i l  

1975 2  $4 333 4 30 
1978 2  3 4  2 ,g 4 2  

10 - 20 cm 1967 3 , 2  3  2 3  92 
h) 
07 1971 2,8 2 $8 3 ,O 
~n 1975 2 $4 2  $6 3  $0 

1978 2  $ 3  2  9 6  3 $2 

Stabi 1 i ty  of soi 1 aggregates** Index S 0 - 10 cm 1971 0,93 0,66 0,40 
(method of Henin, 1960) 1977 1,61 0,78 0,61 

Index K 0 - 10 cm 1971 5 ,4 9 3  10 ,I 
1977 3  ,O 334 4,1 

* Grassland around the t r i a l  
** The aggregates are  a l l  the more s table  as the index S i s  low and the index K high 



Table 2 - ~volution of the total pore space in % and the air capacity at pF 2 (0,l bar) in tilled and 
untilled plots. Relation to the precipitations during the period o f  soil tillage 

-- 

Total pore space in % Air capacity at pF 2 Precipitations in the 
autumn of the pre- 

Year Layer 0 - 10 cni Layer 10 - 20 cm Layer 0 - 10 cm Layer 10 - 20 cm vious year, in mm 

ploughed untilled ploughed untilled ploughed untilled ploughed untilled September October 

1971 56,7 47,7 - - 22,7 10,7 - - 4 7 73 



Table 3 - Effect of so i l  t i l l a g e  on the development of eyespot and 
yield  of wheat i n  monoculture 

Year Yield i n  q/ha Index** of eyespot 

no t i l l a g e  be- ploughing no t i l l a g e  be- ploughing 
fore  sowing fore  sowing 

Mean 45,2 39,3 1,7 2,1 

* Sign.ificant?y d i f fe ren t  CF;: 0,05) .. =(stems sev.att.x3) + (stems mod.att.x2) + healthy stems 
number of stems examined 

plant material on the so i l  surface. Consequently, wheat should be 
well exposed t o  the disease a f t e r  d i r ec t  d r i l l i ng .  However, a t  matu- 
r i t y ,  the development of eyespot i s  re la ted t o  the  microclimate insi- 
de the cu l ture  as  much as  t o  the i n i t i a l  inoculum. Ploughing should 
provide fo r  a more favourable microclimate towards the disease. Fur- 
thermore, according t o  these authors, the survival of the  fungus 
should be be t t e r  on burried straw than on straw l e f t  a t  the so i l  sur- 
face. 

In our t r i a l ,  i t  seems tha t  the decrease of eyespot a f t e r  d i r ec t  
d r i l l i n g  r e su l t s  not only from a consequence of not ploughing, b u t  is 
a l so  par t ly  due t o  the  broadcasting i n  un t i l l ed  plots  and t o  the i n -  
cidence of t h i s  sowing method on the microclimate. 

- The infections of take-all (Gaeumanomyces graminis) were very 
s l i g h t  and no observations were made. Several authors have quoted 
a reduction of take-all i n  d i r ec t  d r i l l e d  wheat (BROOKS and DAMSON, 
1968; SCHWERDTE and KOCH, 1967). According t o  PREW (l972),  the 
fungus would be spread i n  the f i e l d  by the implements during t i l -  
lage of the s o i l .  

- In the spring we have sometimes noticed a s l i g h t  infection of 2- 
t o r i a  nodorum on the p l an t l e t s  of wheat i n  un t i l l ed  plots .  No dif- 
ference was observed a t  maturity. 

- Slugs were regularly more abundant i n  un t i l l ed  plots ,  however, 
without any consequence f o r  the  crop. 

- Concerning nematodes, our colleague Dr. R. Vallotton has realized 
i n  1976 controls of the  population of H .  avenae i n  our t r i a l .  The 
infes ta t ion  was high,. Ploughed plots  contained 606 cysts  per 100 
cm3 and unt i l l ed  plots 888. However, i t  must be said  t h a t  winter 



wheat tolerated this nematode ra ther  we?? and t h a t  the crop was appa- 
r e n t : ~  not affected.  Spring cereals are  much more sens i t ive  t o  this 
pest. 

These few observations emphasize how the modification of a simple me- 
thod of so i l  t i l l a g e  can have incidences on the i n t r i c a t e  re la t ions  
which ex i s t  between a paras i te  and i t s  host-plant. 

Weeds ----- 
Treatments carried out during the t r i a l  w i t h  appropriate herbicides, 
depending on the weeds present, have allowed t o  maintain the cul tures  
almost weeds f ree .  However, we have noticed t h a t  Convolvulus arvense, 
Poa t r i v i a l  i s ,  and annua, Cirsium arvense, Polygonum aviculare and 
Agropyrum repens are  more frequently met i n  unt i l led plots.  On the  
other hand, Gallium aparine, Veronica and Papaver a r e  more numerous 
i n  ploughed plots .  

In the  spring 1975, our colleague H .  Eeuret has checked the seeds 
stocks of the so i l  ( t ab l e  4) .  

Table 4 - Effect  of so i l  t i l l a g e  and rotat ion on the  seeds stock i n  
the so i l  ( s t a t e  i n  the spring 1979 according t o  H. Bewet) 

m - : 7  Number of seeds per m2 Number of 
301 1 f o r  a depth of most im- Xi1 lage Rotation portant 

0 - 5 c m  5 - 1 0 c m  1 0 c m s p e c i e s  

Direct monocul t u re  347 903 764 8 
d r i l l i n g  rotat ion 

s ince 1976 1250 1944 1597 15 

Ploughing monocul tu re  694 1180 1458 13 
rotat ion 
since 1976 625 1208 2499 17 

i4e have noticed t h a t  d i r ec t  d r i l l i n g  provides a t  long term fo r  an ob- 
vious decrease of the  weeds seeds number i n  the  so i l  and a l so  for  a 
decrease of the  present species. Monoculture causes the same ef fec t .  

Yields ------ 
During the f i r s t  three years ,  the wheat y i e ld s  were approximatively 
the same i n  t i l l e d  as i n  un t i l l ed  plots.  Later on, the  un t i l l ed  
treatments provided systematically f o r  be t t e r  y ie lds  ( tab le  3) .  The 
severe a t tacks  of eyespot (Cercosporella herpotrichoides) a r e  par t ly  
responsible f o r  these differences.  Fungicide applications carr ied 
out during two years on treatments 3 and 4 have shown t h a t  even w i t h  
a fungicide protection,  the d i r ec t  d r i l l i n g  is more productive than 
the conventional method (means of two years 11,8%). 

The preservation of a good so i l  s t ruc ture  and of a high level of or- 
ganic matter accounts a l so  f o r  the  good r e su l t s  obtained i n  un t i l l ed  
plots.  



Conclusion 

Under Swiss cul tural  conditions, even a t  long term, t i l l a g e  was not 
necessary t o  regenerate the  so i l  s t ruc ture  of a heavy so i l  well pro- 
vided w i t h  organic matter. On the  contrary, we noticed a decrease 
of the  organic matter content i n  the  so i l  and i n  the aggregate s t a -  
b i l i t y  a t  long term, which was due t o  so i l  t i l l age .  

Contrary t o  our expectation, winter wheat was more affect@$ by mono- 
cul ture  i n  ploughed than i n  un t i l l ed  plots ;  eyespot was par t icular-  
l y  more severe. 

W i t h  the  herbicides avai lable  today, i t  is possible t o  control weeds 
in fes ta t ion  ra ther  well, even i n  unt i l led wheat monoculture. 
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ABSTRACT 

Winter wheat (Triticum aestivum L. em. Thell.) was grown i n  
rows on ridges t i l l e d  i n  the east-west di rect ion,  under i r r iga ted  
and dryland conditions i n  t he  Panhandle of Oklahoma, USA, t o  deter- 
mine i f  y ie ld  of plants  i n  south-facing rows was greater  than yield  
of plants  i n  north-facing rows. I n  addit ion t o  y ie ld ,  measurements 
of height, leaf  temperature, stomatal res is tance,  leaf water 
potent ia l ,  and leaf osmotic po ten t ia l  were taken on plants  i n  north- 
and south-facing rows. Differences i n  stomatal resistance,  water 
potent ia l ,  and osmocic po ten t ia l  of north- and south-facing plants  
could not be detected. South-facing plants had a cooler leaf 
temperature than did north-facing plants.  South-facing plants  grew 
more than 10 cm t a l l e r ,  and yielded a s  much a s  two times more, than 
did north-facing plants.  The r e s u l t s  showed tha t  wheat i n  the  
Panhandle of Oklahoma should be planted on south s ides  of r idges f o r  
maximum yields.  

INTRODUCTION 

In the Panhandle of Oklahoma, where wheat is furrow-irrigated, 
farmers always have noted tha t  wheat planted on the south s ide  of 
r idges oriented i n  the  east-west di rect ion grows t a l l e r  than wheat 
planted on the  north s ide  of ridges. The increase i n  height has 
never been quantified. Also, it i s  not known whether or  not wheat 
on the south s ide  of a r idge yields  more than wheat on the north 
side.  

There have been few s tud ies  of e f f ec t s  of row or ientat ion on 
plant growth. Day e t  a l .  (5) and Erickson e t  a l .  (7) review the  
l i t e r a t u r e .  Studies show t h a t  p lan ts  (wheat, barley) oriented i n  
east-west rows yield  more grain  than plants  oriented i n  north-south 
rows ( 4 ,  5, 7 ) .  ~ a y ' e t  a l .  (5) a t t r i b u t e  t he  increased y ie lds  t o  
warmer s o i l  temperatures on south-facing rows of crops oriented i n  
the east-west di rect ion,  which has been observed by several  workers 
(2,3.$,PO). This r e s u l t s  i n  f a s t e r  germination and ear ly  growth of 
south-facing plants  compared t o  north-facing plants.  The warmer 
temperatures a l so  may have e f f e c t s  during l a t e r  stages of growth 
when mature, south-facing pJ.ants a r e  d i r ec t ly  i n  sunlight.  This 
might r e su l t  i n  wider stomatal openings f o r  increased photosyn- 
thesis .  I f  stomata were more widely open i n  p lan ts  on south-facing 
rows, leaf temperatures would be cooler, too, s ince t ranspirat ion 
r a t e s  would be higher. 

The object ive of t h i s  research was t o  determine i f  there  were 
differences in  leaf  temperature, stomatal res is tance,  plant  water 
potent ia ls ,  growth, and yield  of winter wheat i n  north- and south- 
facing rows sown on ridges i n  t he  east-west di rect ion.  Measure- 
ments were taken during the second half of the  wheat's growth cycle 
(from the beginning of spring growth t o  harvest ,  151 t o  235 days 



a f t e r  planting. 

MATERIALS AND METHODS 

The field-plot  layout, instruments used, and d e t a i l s  of pro- 
cedures already have been described (11). To summarize br ie f ly :  
The experiment was carried out a t  the Panhandle Research Station,  
Goodwell, Oklahoma, during the 1977-1978 growing season. Cert i f ied 
hard red winter wheat (Triticum aestivum L. em. Thell.) seed was 
planted i n  east-west rows on 13 Oct. 1977. Plants  were grown dryland 
and with furrow i r r iga t ion .  %ere were nine beds (nine ridges of 
plants) ,  s i x  i r r i ga t ed  beds and three dryland beds. Each bed was 142 , 
cm i n  width and s i x  rows of wheat were planted i n  each bed. There 
were 20 cm between rows. In  each bed, rows were numbered 1 to  6, 
with row 1 on the north s ide  and row 6 on the south side. Five 
cu l t ivars  of wheat, commonly grown i n  t he  Panhandle, were studied: 
'Centurk', 'Scout 66',  'Tam W l Q l * ,  'Triumph 64', and 'Vona'. The 
i r r iga ted  plots  were planted with 30.5 kg seed/ha and the  dryland 
P lo ts  were planted with 15.3 kg seed/ha. The s o i l  type was a Rich- 
f i e l d  clay loam, which is c l a s s i f i ed  a s  an Aridic Argiustoll .  
I r r igated plants  were given pre-planting and post-emergence i r r i ga -  
t ions  in  the  f a l l  and not i r r i ga t ed  again u n t i l  the  spring ( f i r s t  
spring i r r i ga t ion  was on 20 March). 

On four days i n  the spring (13 March, 12 April,  10 May, 5 June), 
measurements of height, leaf temperature, stomatal res is tance,  leaf  
water potent ia l ,  and leaf osmotic po ten t ia l  were taken between 08: 00 
and 1 O : O O  hr on three plants i n  row 2 (on the north s ide  of a bed) 
and three  plants  i n  row 5 (on the  south s i d e  of a bed). Rows 1 and6 

were notmeasured because they were on the s ides  of the  beds. Rows 
2 and 5 were on the ridge of a bed. 

On 5 June 1978, wheat heads were harvested from 30-cm sect ions  
i n  rows 2 and 5. The e n t i r e  head, including the  awns, was weighed 
and the following four charac te r i s t ics  of the heads were noted: 
number of spikelets  per head (whether f i l l e d  with grain o r  no t ) ;  
number of sp ike le t s  with a t  l e a s t  one grain f i l l e d ;  number of PO- 
t e n t i a l  grains per head i f  a l l  grains were f i l l e d ;  nmber of ac tua l  
grains f i l l e d  per head. Ten heads from each 30-cm sample from a 
row were counted and averaged. 

RESULTS 

NO s ign i f ican t  difference i n  e i t he r  l eve l  or  seasonal pa t te rn  of 
leaf temperature, stomatal res is tance,  leaf  water potent ia l ,  o r  leaf 
osmotic po ten t ia l  was found among fhe f i v e  cu l t ivars .  Therefore, 
measurements of each parameter taken during the  spring have been 
averaged. 

Height. Under both i r r i ga t ed  and dryland conditions, plants  on 
the south s ide  of a bed were t a l l e r  than plants  on the  north s ide  
F i g .  1 I r r iga t ed  plants  on the south s ide  of rows grew more than 
10 cm t a l l e r  than wheat on the north side.  I r r iga ted  wheat on south 
s ides  of beds was t a l l e r  when growth s t a r t ed  t o  resume i n  the spring 
(13 March measurements) than other plants.  This suggested t h a t  the  
south-facing p lan ts  were t a l l e r  i n  the  f a l l ,  too, before winter 
dormancy s e t  in.  

Leaf temperature. Under both i r r i ga t ed  and dryland conditions, 
leaves of plants  on south-facing rows were cooler than leaves of 
plants on north-facing rows (Fig. 2). Leaf temperatures of south- 

0 
facing, i r r i ga t ed  plants  were as  much as  4.5 C cooler than a i r .  
Ehrler e t  a l .  ( 6 )  found leaves ofoirr igated durum wheat i n  Phoenix, 
Arizona, USA, to  be a s  much a s  11 C cooler than a i r  j u s t  before 



sunset  (see t h e i r  Fig. 3) .  3aytime va lues  which they  observed were 
s i m i l a r  t o  those  seen i n  t h i s  experiment. On 5 June, a 2.9 cm r a i n  
f e l l  u n t i l  an hour before  measurements were taken. (Reference no.11 
g ives  amounts of r a i n  t h a t  f e l l  during t h e  experiment.) J u s t  a f t e r  
t h e  r a i n ,  a l l  l eaves  were t h e  same temperature. 

o a Y ) 4 0 Y ) 6 0 7 0 e J 9 0  
TIME. OIIYS 

Figure  1. (Lef t ) .  Height of i r r i g a t e d  and dryland win te r  wheat i n  
north-  and south-facing rows on east-west r idges .  V e r t i c a l  l i n e s  
i n d i c a t e  s tandard  e r r o r s .  Only ha l f  t h e  s tandard-er ror  l i n e  has  
been drawn t o  avoid c l u t t e r i n g  t h e  f i g u r e .  F igu re  2. (Right) .  Leaf 
temperature of i r r i g a t e d  and dryland win te r  wheat i n  north- and south- 
f a c i n g  rows on east-west r idges .  For v e r t i c a l  l i n e s ,  s e e  legend of 
Fig. 1. 

Stomatal  r e s i s t a n c e .  Even though l e a f  temperatures  were cooler  
on south-facing s lopes ,  d i f f e r e n c e s  i n  s tomata1 r e s i s t a n c e  of  p l a n t s  
i n  nor th-  and south-facing rows could n o t  be de tec ted .  Therefore,  
l e a f  temperature appeared t o  be  a more s e n s i t i v e  i n d i c a t o r  of wa te r  
l o s s  from t h e  l e a v e s  than  s tomata l  r e s i s t a n c e .  The s tomatal-  
r e s i s t a n c e  d a t a  from t h e  north-  and south-facing rows were averaged 
toge the r  and a r e  presented i n  Fig. 3. Res is tances  were h igh  on 1 3  
March because of l i t t l e  r a i n  dur ing  t h e  preceding winter .  Stomatal 
r e s i s t a n c e  of i r r i g a t e d  p l a n t s  was h igh ,  t oo ,  because they  d i d  n o t  
r e c e i v e  t h e  f i r s t  sp r ing  i r r i g a t i o n  u n t i l  20 March. Rain t h a t  f e l l  
on 9-10 A p r i l  and 5 June r e s u l t e d  i n  low r e s i s t a n c e s  f o r  dryland 
p l a n t s .  

P l a n t  p o t e n t i a l s .  Di f ferences  i n  p o t e n t i a l s  of p l a n t s  i n  rows 
on nor th  and south  s i d e s  of beds could n o t  be de tec t ed  and r e s u l t s  
have been averaged (Fig. 4 ) .  I r r i g a t e d  p l a n t s  had a h igher  water  
p o t e n t i a l ,  and a higher  osmotic  p o t e n t i a l ,  than  d i d  dryland p l a n t s .  
Dryland p l a n t s  appa ren t ly  took up l a r g e  amounts of s a l t s  t o  a d j u s t  t o  
t h e  d r y  cond i t ions  (note  t h e  low osmotic p o t e n t i a l s  i n  Fig.  4). This  
r e s u l t e d  i n  t h e i r  having a h igher  t u r g o r  p o t e n t i a l ,  a f t e r  1 3  March, 
than  t h a t  of t h e  i r r i g a t e d  p l an t s .  

Yield.  Table 1 shows t h e  y i e l d  of t h e  p l a n t s  on 5 June 1978. 
Under b o t h  i r r i g a t e d  and dryland cond i t ions ,  p l a n t s  i n  south-facing 
rows y ie lded  more than  d i d  p l a n t s  i n  north-facing rows. Cm an 
average,  wheat on south-facing rows under i r r i g a t e d  and dryland con- 
d i t i o n s ,  r e s p e c t i v e l y ,  y i e lded  1 .4  and 1.6 t i m e s  more than *heat on 
nor th- fac ing  rows. I n  some cases  ( f o r  example, Centurk, i r r i g a t e d ) ,  
t h e  y i e l d  w a s  up t o  two t imes more when p l a n t s  were on south-facing 
rows than  when they  were on north-facing rows. Day et a l .  @ )  a l s o  
noted  t h a t  t h e  south  row p o s i t i o n  on east-west beds of i r r i g a t e d  
wheat i n  Arizona, USA, had a h igher  g r a i n  y i e l d  than  d i d  t h e  n o r t h  
row p o s i t i o n .  

The g r e a t e r  y i e l d  i n  t h i s  experiment was due t o  a g r e a t e r  number 



of s p i k e l e t s  and a g r e a t e r  number of f i l l e d  g r a i n s  (Table 2) .  Ex- 
cep t  f o r  a few cases ( f o r  example, Triumph 64, i r r i g a t e d ;  Vona, dry- 
l a n d ) ,  p l a n t s  on south-facing rows had more t o t a l  s p i k e l e t s ,  more . 
s p i k e l e t s  w i t h  at  least one g r a i n  f i l l e d ,  more g r a i n s  p e r  head, and 
more p o t e n t i a l  g r a i n s  pe r  head. 

F igure  3. (Le f t ) .  Stomata1 resistance of i r r i g a t e d  and dry land  
win t e r  wheat grown on east-west r i d g e s .  For vertical l i n e s ,  see 
legend of Fig.  1. F i g u r e  4. (Right) .  Water, osmotic ,  and t u r g o r  
p o t e n t i a l  of i r r i g a t e d  and dryland w i n t e r  wheat grown on east-west  
r i dges .  For vertical l i n e s ,  see legend of Fig.  1. 

Table  1. Weight of i r r i g a t e d  and dry land  win t e r  wheat heads,  
harves ted  5 June  1978, on n o r t h  and s o u t h  s i d e s  of east-west r i d g e s .  
Average c o e f f i c i e n t  of v a r i a t i o n  was 23%. 

I r r i g a t e d  Dryland 
Cu l t i va r  North s i d e  South s i d e  North s i d e  South s i d e  

gl30-cm of row 

Centurk 43.4 84.5 
Scout 66 40.5 69.1 
Tam W l O l  48.6 63.8 
Triumph 64 61.6 65.3 
Vona 74.6 81.6 ' 

Average 53.7 72.9 24.7 39.7 



Table 2. Total number of sp ike le t s  per head, number of spikelets  
per head with a t  l e a s t  one grain f i l l e d ,  number of f i l l e d  grains  per 
head, and number of po ten t ia l  grains per head of i r r i ga t ed  and dry- 
land wheat on north and south s ides  of east-west ridges. .Average 
coeff ic ients  of var ia t ion for  the above four measurements were, 
respectively,  8%, 7%, 12%, 12%. 

Spikelets1 
head with No. of No. of po- 

Total a t  l e a s t  f i l l e d  t e n t i a l  
Cultivar & spikelets1 one grain grains1 grains1 
treatment head f i l l e d  head head 

Centurk 
Dryland 

North 
South 

I r r iga ted  
North 
South 

Scout 66 
Dryland 

North 
South 

I r r i ga t ed  
North 
South 

Tam W l O l  
Dryland 

North 
South 

I r r i ga t ed  
North 
South 

Triumph 64 
Dryland 

North 
South 

I r r iga ted  
North 
South 

Vona 
Dryland 

North 
South 

I r r iga ted  
North 
South 

DISCUSSION 

The r e s u l t s  showed tha t  p lan ts  on south-facing rows i n  r idges  
t i l l e d  i n  the east-west di rect ion grew t a l l e r ,  had a cooler leaf 
temperature, and yielded up to  two times more than plants  on north- 
facing rows i n  the  same ridges. Plants on south-facing rows pro- 
bably grew and yielded more because they could absorb more of the  
sun's energy than could p lan ts  on the north-facing rows. South- 
facing p lan ts  produced more photosynthate which resul ted i n  more 
grains  per head than north-facing plants.  Light, therefore, 



might have been p a r t i a l l y  l i m i t i n g  growth of p l a n t s  on north-facing 
s lopes .  However, t h e  major cause of increased  growth of south-facing / 
p l a n t s  might have been due t o  temperature r a t h e r  t han  l i g h t .  On 12  
Apr i l ,  f o r  i r r i g a t e d  p l a n t s ,  t h e  s o i l  temperature a t  t h e  20-cm depth,  
a t  t h e  base  of t h e  sou th  and n o r t h  s lgpe ,  was 19 and 1 5 O ~ ,  r e spec t ive -  . 
l y ,  and f o r  dryland p l a n t s ,  21 and 17  C,  r e spec t ive ly .  On 1 0  May,' 
p l a n t s  shaded t h e  s o i l  and d i f f e r e n c e s  i n  s o i l  temperature a t  t h e  20- '. 
cm depth on n o r t h  and sou th  s lopes  could g o t  be  de t ec t ed .  As wheat-root 
temperatures  i n c r e a s e  from about  15 t o  25 C ,  s tomata1 conductance in-  
c r eases  l i n e a r l y  (9) .  Therefore,  t h e  warmer r o o t  temperatures  probably 
r e s u l t e d  i n  t h e  c o o l e r  l e a f  temperatures  of south-facing p l a n t s ,  which 
t r a n s p i r e d  more water  than north-facing p l a n t s .  It has  been known f o r  
a long t ime t h a t  growth i n c r e a s e s  w i th  i n c r e a s e  i n  temperature,  up t o  
a n  optimum (1,12).The r e s u l t s  of t h i s  s tudy  suggested t h a t  i t  might be  
worthwhile f o r  farmers  I n  t h e  Panhandle t o  till t h e  ground i n t o  eas t -  
west r i d g e s  and p l a n t  on ly  on t h e  south  s i d e s  of t h e  s lopes .  The 
north-facing s lope  could b e  s t e e p  s o  a minimum amount of land would n d t  
be p lan ted .  F e r t i l i z e r  could be  placed only  on t h e  sou th  s i d e s  of 
r i d g e s  t o  ensure  maximum growth. 
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Abstract 

Ridging is an important tillage operation in potato cultiva- 

tion. The quality of the ridge can be characterized by soil 

texture, tilth, size and shape of the ridge. In view of pre- 

vention of capping and clods, soils with 10-25% clay are 

most suitable for potato production. Clods larger than 20 

mm should be reduced to minimum; the presence of aggregates 

below 1 mm is advantageous for sprouting. The optimum ridge 

size is 600 cm2 of loose soil in cross section. A slightly 

flattened top of the ridge improves the temperature and the 

moisture content at seed tuber level. Increase of row spa- 

cing allows a reduction of working depth at seedbed prepara- 

tion, but is accompanied by a yield reduction of 3-4% for 

ware potatoes and 5-6% for seed potatoes. 

REASONS FOR RIDGING 

Potatoes are generally grown on ridges. There are many rea- 

sons to do so: As a prerequisite for mechanical harvesting; 

to lessen the damage of tubers by tyres; to reduce the a- 

mount of green tubers and the infection by P.infestans; to 

protect the tubers from the tuber moth in the zropics; to 

keep the good soil on top and to improve the structure of 

puddled and capping soils; to reduce salt injury; to control 

weeds and to bury organic matter; to facilitate drainage in 

humid areas and furrow irrigation in dry zones; for soil and 

water conservation, especially by tied ridging. 

With regard to growing conditions ridge quality can be charac- 

terized by ridge size, ridge shape and the tilth of the 

loose soil in the ridge, aspects that are mainly influenced 

by soil texture and by tillage operations. 



SOIL TEXTURE AND SOIL TILTH 

Though p.t.0. driven implements have improved results of 

seedbed preparation, sufficient crumbling of heavy soils 

is still often a problem. Therefore ridges on these soils 

are often relatively small and cloddy and are accompanied 

by relatively low moisture contents and by a low moisture 

conductivity. 

Clod size distribution influences greatly the germination 

and growing of potatoes. Especially the fraction < 1 mm 

(25% in The Netherlands) is accompanied by a relatively 

high moisture content(Kuipers, 1961).To prevent sealing 

or capping of the surface, the tilth on the light soils 

should not be too fine. Ridges with a coarse tilth are 

drier and the daily mean soil temperature at seed tuber 

level is lower than in ridges with a fine tilth. Differen- 

ces in moisture content decrease during the growing season, 

but increase after long dry periods(Fig.1). Differences 

in temperature disappear after completion of the ground 

cover(Fig.2). Emergence and growth can be delayed conside- 

rably by a coarse tilth(Tab1e I) (Kouwenhoven, 1978). 

Table I. Soil tilth, growth and yield 

Tilth Fine Coarse 

Length of stems, cm 69.7 78.4 

Number of stems per plant 5.3 4.8 

Number of tubers per plant 9.2 8.9 

Tuber weight, g 128.3 123.7 

Underwaterweight,g 380 375 

soil moirturr conmt.%urlw rcmperature Y 
22 XI. 

date 
Fig. 2 .  Average daily course of soil 
temperature at seed level (11 cm soil 
covering) over 3 periods: before 
emergence (b.e.1, after emergence 

Fig 1 . Soil moisture content in the ridge as (a.e.) and at completion of ground 
influcnccd by coarse ( 0 )  and fine (01 tilth covering (c.c.) with coarse ( 0 )  and 
on different dates during the growing season. fine (0) tilth. 



RIDGING 

Ridging should commence early, sometimes even during plan- 

ting or just after planting. Surface irrigated potatoes 

have to be ridged at planting; with sprinkler irrigation 

ridging can be carried out as the plants appear above the 

ground. Earthing up should be finished by the time the 

plants are 25 cm high. As potatoes are very sensitive to 

root damage and compaction, the number of inter-row culti- 

vations should be reduced to minimum. Without chemicals 

3-4 cultivations are sufficient for weed control. 

RIDGE SIZE 

Especially ridge size can be considered to regulate potato 

growth. Ridge size is often characterized by its height, but 

the area of loose soil in cross-section is to be preferred 

for ridge size indication. 

Generally, large ridges have a higher moisture content and 

hold more water than small ridges(Fig.3). The moisture con- 

tent within the ridge increases from the top to the bottom 

of the ridge(Kouwenhoven, 1 9 7 8 ) .  Daily mean temperatures de- 

crease from the top to the bottom of the ridge(Tab1e 11). 

Temperature differences are more pronounced at the beginning 

of the growing season than later on. 

Under conditions where soil moisture content is sufficient 

for sprouting, increase of ridge size delayes emergence at a 

rate of I day per per 2-4 cm of soil covering. 

0 Table 1I.Ridge size, planting position and temperature, C 

Position -top Large ridge Medium sized ridge Small ridge 
of the ridge, cm 

10 19.0 18 .7  18.2 

15  1 8 . 4  18.0 - - 
2 0  17.9 -- -- 

Total tuber yield increases with an increasing ridge size to 

6 0 0  cm2 in temperate regions and decreases again with a fur- 

ther increase of ridge size(Fig.4). If the soil is loosened 

to a depth of 10 cm and 2 0 %  is compacted during planting, 8  

cm is left, being sufficient for ridges of 6 0 0  cm2 of loose 

soil in cross section with 7 5  cm row spacing. 

If the ridges contain a considerable amount of clods and 

stones, the optimum ridge size will be larger(Kouwenhoven & 



60 80 100 120 140 160 
rd.ridge sire 

reL yield 

3P 
Fig. 3. Relative soil moisture content (1M) = 20.7 % Fig. 4. The optimum ridge size, indicated by the maximum 
w/w) as influenced by the relative size of the ridge relative yield (100 = 51.1 tonspa) in field experiments. 
(100 = 580 cm2). 

Van Ouwerkerk, 1978). 

RIDGE SHAPE 

Ridge shape should be adapted to the shape of the cluster 

and to climatic conditions: Under dry conditions a flat top 

and even a furrow on top to catch water. is preferred;under 

wet conditions ridges are given a sharp top to facilitate 

drainage. In flat ridges moisture content is higher than 

with sharp ridges of the same size. Strongest differences 

are observed before complete ground cover is obtained(Tab1e 

111). 

Table 111. Shape and moisture content of ridges of the same 

size(average 1915 - 20/8/'76),% w/w 

Shape of the ridge Sharp Medium Flat 

Moisture content 15.0 16.0 16.2 

The daily mean temperature at seed tuber level in the begin- 

ning of the growing season and the mean temperature fluctua- 

tion increased with an increasing flatness of the ridges. Af- 

ter completion of the ground covering by foliage, the oppo- 

site was found(Fig.5). The high temperature and moisture con- 

tentat seed tuber level and the shorter way to go for the 

sprouts to reach the surface, shortens emergence time as the 

ridge becomes more flat. 

Increase of flatness is accompanied by an increasing number 

of tubers, a slightly increasing total tuber weight per plant, 

but also by a decreasing weight per tuber, more green tubers 

and more second-growth(Kouwenhoven, 1978). 



ROW SPACING 

Row spacings for potatoes vary considerably: From 62.5 cm 

in Germany(Scholz, 1971) to even 105 cm in England(Anon., 

1974). In view of weed control, narrow row spacings are 

preferred. However, reasons of mechanization and irriga- 

tion lead to wide row spacings. Powerful tractors of more 

than 100 kW are accompanied by wheelspacings of 180-210 

cm and tyre widths of 40-70 cm. This requires an increase 

of row spacing and a widening of the furrows to avoid com- 

paction of the sides of the ridges(gig.6) 

Fig.5.  The relative daily average temperatures 
3 +. 6 RS, :~ . . .  r , , , . , , w .  .I8,& macT.,, cyk.wB vm~q,,s (av) and average daily temperature fluctuations 

?a rpaC1nc1 1:r = :ih.l.., ,%hndM 3 .,."a Of (fl), 3s influenced by ridge shape during different 
P"i"I0 EIY?.1+.. , .  

periods of the growing season. 

Kouwenhoven & Van Ouwerkerk(l978) found that full ground 

covering was delayed by 2 to 2.5 weeks when the row spa- 

cing increased from 75 to 105 cm. Cluster width increased 

only very slightly(Fig.6). 

The gross yields decreased with 3-4% with 90 cm row spa- 

cing and with 5-6% with 105 cm row spacing, compared with 

75 cm rows. Row spacing had a much stronger ef- 

fect on nett saleable yield in a year with many rejects 

and with seed potatoes, than on gross yield of ware pots- 
toes. 

DISCUSSION 

The increase of saleable yields with increase of row spa- 

cing, reported from England(Jarvis, 1971,1972), may be at- 
2 tributed to the relatively small ridge size(about 540 cm , 

Jarvis, 1972) found with 75 cm rows. Moreover stones and 

clods reduce the effective size of the ridge. With ridge 

sizes of 600-700 cm2 of loose soil, row spacings of 75 

and of 90 cm gave similar gross yields(Fig.7). 

In trying to overcome the detrimental effects of deterio- 

rating plant arrangement with increasing row spacings, 



best results were obtained by heavier nitrogen dressings 

(Kouwenhoven & Van Ouwerkerk, 1978). 

The fact that a ridge size of 6012 cm2 is sufficient for 

all row spacings(with Bintje) means, that the depth of 

soil to be loosened in spring decreases with an increase 

of row spacing(Fig.8). Through that the soil can be 

worked earlier, with less chance of producing clods. 
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INTRODUCTION 

The ~ A e v i e w  clay association covers an area of over 100,000 hectares 
i n  the Central In t e r io r  of Br i t i sh  Columbia ( l a t i t u d e  54'). The so i l  i s  an 

Orthic Grey Luvisol (Albic Luvisol) and contains around 55% clay. I t s  B t  

horizon i s  located between 15 and 35 cm and contains 70% clay. Major problems 

w i t h  t h i s  s o i l  are: poor s o i l  s t ruc ture ,  shallow rooting depth, presence of a 

2-3 cm layer of thatch on top of the s o i l ,  and consequently slow so i l  warming 
i n  the spring. Ti l lage research was undertaken upon request of local agricul-  
tu ra l  extension people. This paper presents r e s u l t  from t i l l a g e  research i n  

1978 which evaluated t i l l a g e  systems i n  terms of changes brought about i n  so i l  
physical properties.  



MATERIALS AND METHODS 

The s i t e  was a  1.1 hectare p lo t  which had not been cu l t iva ted  nor 
f e r t i l i z e d  fo r  17 years. Four t i l l a g e  systems were t r i ed  as f a l l  treatments: 

1. moldboard plowing using a  sod breaking plow (M); 

2. rotovating t o  a  depth of 3.5 cm pr ior  t o  moldboard plowing 

( R  + M I ;  
3. chisel  plowing (Ch); and 

4. rotovating t o  a  depth of 3.5 cm pr ior  t o  chisel  plowing 

(R + Ch). 

Both moldboard plowing and chisel plowing were car r ied  out a t  a  depth of 10 cm. 

The plots  were harrowed twice during the following spring. They were fur ther  

f e r t i l i z e d  w i t h  four nitrogen r a t e s ;  0, 56, 112, and 168 kg N/ha i n  the forin 
of urea (46-0-0). Barley ( ~ o r d e m  vulgare) was seeded i n  the  plots  a t  a  r a t e  
of 90 kg/ha. Included w i t h  the  barley seed was a  band application of 75 
of ammonium phosphate (11-48-0). Soil temperatures were measured a t  5, 10 and 

50 cm depths twice da i ly  using diodes. 

RESULTS 

SOIL PHYSICAL PROPERTIES 

Table 1 l i s t s  how various s o i l  physical proper t ies  were affected by 
t i l l a g e  systems. 



Table 1. The e f f ec t  of t i l l a g e  treatment on so i l  physical properties 
between 2% and 10 cm depths. 

(M = moldborad plowing, R + M = rotovating + moldboard 
plowing, Ch = chisel  plowing, R + Ch = rotovating + chisel  
plowing) 

Ti l lage Treatments 

Analysis M R + M  Ch R + Ch L.S.D.0.05 

Aeration Porosity, % 

( p F 1 . 8 )  May11 20.4 15.6 10.0 9.1 4.0 

Aug 14 22.3 20.7 15.0 15.8 4.1 

Bulk Density, kg/m3 

May 11 89 7 903 1027 1090 53 

Aug 14 897 907 980 1000 52 

The M treatment resul ted i n  subs tan t ia l ly  higher aerat ion poros i t i es  than 

the  other treatments, pa r t i cu l a r ly  theChand R + Ch treatments. Rotovatian 
Pr ior  t o  e i t h e r  moldboard plowing o r  chisel  plowing o r  chisel  plowing 

i n i t i a l l y  reduced the  aerat ion porosity,  b u t  by August 14 there  were no 
s ign i f i can t  dif ferences  due t o  rotovation. I t  should be pointed out t h a t  
on May 11, one week a f t e r  seeding, aerat ion poros i t i es  i n  the Ch and .R + Ch 

p lo t s  were a t  o r  below the 10% level which i s  generally considered l imit ing 

for  adequate crop growth. Aeration poros i t i es  increased during the experi- 



ment i n  a l l  treatments. Between May 1 1  and August 14 precipitation had aeen 
scarce (37  mm per month) causing t he  soi l  t o  dry subs tan t ia l l y .  I t  i s  alu<te 

possible t h a t  soil  shrinkage was responsible for  the  increase i n  aeration 
porosity by expanding or creating larger soil  pores a t  the  expense o f  srnai?W 
pores. Soil bulk dens i t i es  i n  al l  treatments were qu i te  low and cer ta in ly  
not l imi t ing  for  crop growth. The M and R + M treatments d i d  however r e su l t  

i n  Tower b u l k  dens i t i es  than t he  Ch and R + Ch treatments.  The higher aer- 
a t ion porosit ies and lower soi l  bulk dens i t i e s  found i n  t he  two moldboard 
plow treatments can be explained by the  mechanics o f  t he  t i l l a g e  operation and 
by f ro s t  action.  The moldboard plow treatment i s  a once-over operation which 
leaves the  bare soi l  surface exposed t o  f r o s t  act ion during the  winter months. 
I n  the  chisel  plow treatments four passes had t o  be made before  adequate soi t  
break-up had been achieved. This large number o f  passes may r e s u l t  i n  Soil 
compaction or plow pan formation. The chisel  plow plots also d i d  not leave a 
bare soi l  surface but had a mulched soil  surface which l i k e l y  reduced the  
bene f ic ia l  e f f e c t s  o f  f r o s t  action during t he  winter months. The M and  R + M 

treatments thus resulted i n  a more aerated soi l  s tructure  than t he  Ch a n d  
o R + Ch treatments. Soil temperatures were found t o  be lo - 1 %  C warmer a t  

t he  10 cm depth during the  f i r s t  f i v e  weeks o f  t he  experiment i n  the  I4 and 
R + M plots compared w i t h  the  Ch a n d  R + Ch plots (Figure 1 ) .  A be t t e r  
aerated soi l  s tructure  together w i t h  the  bare soi l  surface i n  the  !4 and 8 + 

plots can explain the  higher soi l  temperatures. By the  seventh week of t h e  

experiment the  barley canopy i n  t he  M and R + M plots l i k e l y  reduced so i l  
waning t o  a greater ex ten t  than the  th inner  canopy found i n  the  Ch and 
R + Ch p lots .  



NITRIFICATIQN 

Nit r i f ica t ion  i s  dependent on so i l  aeration and so i l  temperature. 

Average so i l  NO3-N values during the experiment were: 30, 29, 26 and 27 

kg/ha (L.S.D. 0.05 = 1.8) for  M, R + M, Ch and R + Ch respectively.  Barley 

growing i n  the M and R + M plots not only benefit ted from higher 3evels of 

so i l  NO3-N b u t  due t o  be t te r  so i l  physical conditions a lso reached rooting 

depths twice as  deep, 8 cm, as  those i n  the  Ch and R + C h  p lots  ( 4  cm). 

SILAGE BARLEY YIELD 

The e f f e c t  of superior so i l  physical environment achieved w i t h  mold- 

board plowing resulted in  substant ia l ly  higher yie lds  of barley (Table 11). 

The M treatment even a t  zero f e r t i l i z e r  nitrogen resulted i n  higher yie lds  

than the other t i l l a g e  treatments regardless of nitrogen rate .  These resu l t s  

indicate  t ha t  i n  terms of crop growth, the  beneficial  e f f ec t s  of be t te r  so i l  

physical conditions outweighed t h a t  of the added chemical f e r t i l i z e r .  

ECONOMIC ASSESSMENT 

In order t o  carry out an economic assessment of the treatments, the 

values of the s i l age  barley y ie lds  were expressed i n  do l la rs  per hectare and 
the to ta l  treatment costs  were computed (Table 11). Treatment costs include 

a l l  operations such as t i 1  lage work, f e r t i l i z a t i o n  and harvesting. The 

treatment resul Led i n  the  highest yie lds  and the lowest costs ,  ther@by SIfviW 

the l a rges t  p rof i t s .  The R c M treatment resulted i n  lower yields  and was 
a l so  more cost ly  than M which subs tan t ia l ly  reduced prof i t s .  The Ch t r ea t -  

ment had a l so  lower y ie lds  and high costs  due t o  the large number of Passes 

required with the chisel  plow. Prof i t s  in  t h i s  treatment were subseque~t ly  



qui te  1 w .  Yields with R + Ch were qu i te  s imi la r  t o  those w i t h  Ch,  however 

the cost  of rotovation caused p ro f i t s  f o r  t h i s  treatment t o  be lowest of a l l  
the treatments . 

SUMMARY 

Moldboard plowing resul ted in superior s o i l  physical conditions compared 

to  chisel  plowing. Rotovating pr ior  t o  e i t h e r  moldboard plowing or  chisel  
plowing did not r e s u l t  i n  any major differences i n  e i t h e r  the  s o i l  physical 

or  chemical properties other  than reducing the  beneficial  action of moldboard 
plowing. Si lage barley y ie ld  was subs tan t ia l ly  higher w i t h  moldboard plowing 

than w i t h  chisel  plowing. Rotovation pr ior  t o  moldboard plowing reduced 

y ie lds  compared to  j u s t  moldboard plowing. Chisel plowing w i t h  and without 

rotovation resulted i n  s imilar  yie lds  which were subs tan t ia l ly  lower than 

those with e i t h e r  moldboard o r  rotovating + moldboard plowing. Moldboard 

plowing was a l so  the  cheapest of the  treatments, followed by chisel  plowing 

and rotovating + moldboard plowing. Rotovating + chisel  plowing was the  

most expensive treatment. Moldboard plowing resulted i n  the  highest p rof i t s  
a t  a l l  levels  of f e r t i l i z e r  nitrogen. Rotovating + chisel  plowing resul ted 
i n  the  lowest p ro f i t s .  



Table 11. Economic analysis of tillage/fertilizer treatments 

Tillage/fertilizer Barley yield Treatment cost Profit 

(kg/ha) (t/ha)*($/ha)** ($/ha) ($/ha) 

L.S.D. 0.05 

* Yields are expressed at 65% moisture content 
** Market value for silage barley estimated at 

$1 5.42/tonne 
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Figure 1. S o i l  temperatures a t  10 cm depth dur ing t h e  1978 
growing season. (Values r ep re sen t  averages from 3 
l o c a t i o n s )  
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THE WORKABILITY OF riWE SOIL IN SPRING IN RELATION TO MOISTURE CONTENT 
Am MOISTURE TRANSPORT 

Ir. P. Boekel 
Ins t i tu te  for Soi Z Fer t i l i ty ,  Haren G Th* Nether Lands 

Abstract 

Soil workability in spring is important in view of organization of 
work and crop yield. This property was evaluated using visual 
estimation, and measurements of plasticity and water content. The 
distribution of the water in the top layer greatly affected 
workability in spring; capillary transport of water plays an 
important role. 
Data were obtained about the ideal situation for seedbedpreparation. 

It was shorn that capillary transport was influenced by several 
factors. The influence of drainage and actual soil structure was 
studied, the former by using the results of Rijtema, and the latter by 
measuring the hydraulic conductivity in samples with different actual 
soil structure using the Arya-Ehlers method. The distribution of the 
water content in the top layer could be calculated by a graphical 
procedure, described by Bouma. 

1. Introduction 

For sowing or planting crops in spring, the soil must be in a 
condition suitable for the tillage operations desired. This means 
that it must be possible to crumble the upper 5-10 cm of the soil in 
such a way that a good seedbed is obtained and also that the whole 
top layer (0-20 cm) must be stable enough so that implements can be 
used without harmful compaction. 
The earlier the farmer can have a good seedbed ready the better, 

because that means, certainly in West-European countries, that he 
has a longer period available to get his crop in and also that in 
most years crop growth and yields will be better. 
If the farmer starts too early, at a moment that the soil cannot be 

crumbled and is not stable enough to resist compaction, the actual 
soil structure will not be optimal for good plant growth. 
Therefore it is important to know when the soil satisfies the 

condition of good workability and how to get that condition as 
quickly aspossible in spring. 

2. WorkabiZity, moisture content, and moisture tension 

It is well known that workability depends'on moisture content or 
moisture tension. A wet soil is plastic andcan easilybedeformed, but 
not be crumblei. A decrease in moisture content results in a more 
crumbly, less plastic state. The moisture content and moisture tension, 
at which the transition occurs is an important value with respect to 
the workability and undoubtedly to the trafficability of the soil in 
spring. It fairly accurately represents the point at which the soil 
is suitable for soil tillage in spring. That transition value 



corresponds with the lower plastic limit, a parameter that was often 
determined in the past. Together with the moisture content in the 
field (or at pF 2) it gives a good indication. of the workability. 
Other methods exist, e.~. the use of the plasticity meter or a 

visual estimation (fig. 1 and 2) in combination with a measurement of 
moisture content an$ moisture tension. 

Fig. I. Estimation of the workability of soil. 

Fig. 2. Apparatus for measuring plasticity 

The relation found for a clayey soil is given in fig. 3. It is kaown 
that a workability valued at 6,is sufficient for crumbling and gives 
sufficient resistance against pressure. This corresponds wrth a 
pressure potential of about 400 cm (pF 2.6). But what can be done 
with this result in the field? 

3. Moisture content in the field 

Most years the moisture content of the topsoil in early spring is 
higher than the threshold value mentioned before. This water surplus 
depends on soil type and depth of wawr table. It must be removed by 
evaporation. But this results in a situation with anuneven 



workability plasticity 
(visual) lON cmz 

O r 

Fig. 3. Relation between workability, water content 
and moisture tension 

distribution of water content and water tension in the top layer. The 
differences in moisture content in the top layer after a few days of 
evaporation depend on thepossibilityof moisture transport in the 
unsaturated zone. If transport is large, a rather uniform moisture 
distribution can be expected, if it is low this is not the case 
(fig. 4). 

moisture content 

Fig. 4. Moisture distribution in the top 
layer as a result of differences in 
capillary water transport. 



Then the question arises which moisture distribution is desired or 
acceptable in spring for the preparation of a good seedbed. 

4. Moisture distribution and seedbed preparation 

To prepare a good seedbed, the upper 5-10 cm (thickness depending 
on the crop and the accessory tillage) must be dry enough for 
crumbling; this means that the workability value must be 6- or more. 
The next 10-15 cm must be dry enough to prevent harmful compaction. 

The question was which condition was acceptable andwhich conditions 
had sufficient resistance against the pressure of the tractor and 
other wheelsand the vibrating action of the tillage implements. 
To get an impression about this some measurements were carried out 

in the field. The compaction of the soil in tracks of tractorwheels 
was determined. It was done at two points in time, when the moisture 
distribution in the furrow was quite different. 
Results obtained in several cases, are given in table 1. 

Table 1. Compaction at two different soil moisture distributions. 

- 

Depth Moisture Pressure Workability Bulk Density g/cm 3 

cm content potential value before tillage after tillage 
in between 
track tracks 

On a soil with a rather dry top layer of 5 cm - low moisture content 
and high workability value - compaction in tracks ofwheels is much 
less than on soils with a more uniform moisture content distribution 
in the top soil but with a higher value in the top 5cm. This indicate* 
that a dry layer with a more than sufficient workability value (6-64) 
protects the deeper layers against compaction, also when these layers 
are rather wet and plastic (workability value 44-5-). Another advantage 
of this situation is that only a small amount of water has to be 
removed (difference is 5 mm) and more water is left in the soil for 
germination and first growth of the plants. 

5 .  Factors affecting moisture content and moisture transport 

It is well known that factors like composition of the soil and 
drainage have an effect oncontent and transport of water. Especially 
drainage was found to be an important factor. From values of moisture 
content and hydraulic conductivity in table 2 it can be concluded that 
surplus of water as well as hydraulic conductivity plays a part here. 



Table 2. Some values of moisture content and hydraulic conductivity 
of a silty clay soil with a groundwater table at 30 and 100 cm, KO= 
1.5 cmfday, a= 0.024, according to Rijtema 

with groundwater table in spring at 

30 cm 100 cm 

moisture content in equilibrium 
with the groundwater table (vol %) 41.0 37.2 
workability limit (vol %) 34.5 34.5 
surplus of water (vol %) 6.7 2.7 
hydraulic conductivity (cmlday) 1.4 0.14 

In view of the fact that content and transport of water are affected 
by the composition of the soil (organic matter and clay content, 
lime status) it was to be expected that actual soil structure (spatial 
arrangement of the particles) also affects these properties. It is a 
known phenomenon in practice, but the question is which situation is 
needed to get a hydraulic conductivity, which is small enough to 
prevent replenishment of the loss of water by evaporation in the top 
5-10 cm. To get some information about this, the hydraulic conductivity 
of soils with different actual soil structure was determined. For this 
purpose the method described and used by Ehlers was used. In this 
method, a coresample is exposed to a warm air stream, giving a high 
rate of evaporation. After about 15 minutes the moisture distribution 
is determined and the hydraulic conductivity at several suctions can 
be calculated. Fig. 5 shows relationships between hydraulic conducti- 
vity, K,  the pressure head, h, for the same soil but with a different 
actual soil structure. 

10 - 

a= bulkdenstty 1 L8  a~rcontent pF2 8 % 
b= .. , 1 3 0  .. - 1 6 %  of vol 

lo - '  
0 -100 -200 -300 -LOO - 500 -600 

pressure head,cm 

Fig. 5.  Effect of actual soil structure on capillary water transyrt 

From these relationships and with the use of a simple graphical 
procedure described by Bouma and based on the formula: 



in which Z is the height above a reference level at which the pressure 
hn is to b8 found, K is the hydraulic conductivity, (cm day-') and V 
is the flux (cm3 day-'), the height above a reference level at 
which a certain pressure head hn will occur can be calculated. 
Taking as reference level the bottom of the top soil layer of 25 cm 

having a suction'bf 100 cm water, and choosing a steady flux v. of 
0.15 cm (a normal evaporation in spring) the results shown in fig. 6 
are obtained. 

o=oir content at pF2=16 
. . . . =12 

LO steady flux v10.15cm 
ground-water depth =lo0 

501 t 1 
0 -100 -200 - 300 

pressure head,cm 

Frg. b.  Influence of actual soil structure 
on moisture distribution in top layer. 

A rather lcose soil with a bulk density of 1.32 g and an air 
content at pF 2 of 16% by volume reaches the desired situation in a 
few days of dry weather and an evaporation of a few millimeters, where 
a dense soil with a bulk density of 1.50 and volumetric air content 
of 8% gets a pressure head in the top 10 cm of -160 to - 220 crn 
water. This is much too high for a good workability. 
This means that for sufficient and fast drying up of the topsoil in 

spring, this clayey soil must have an actual soil structure with 
a volumetric air content of about 15%. There are indications that for 
sandy soils the same is true. Of course it is not necessery for the 
whole topsoil of 25 cm to have suchanactual soil structure, but this 
will be sufficient for the top 5-10 cm. Against this background it is 
an interesting task to determine which soil tillage system must be 
used to arrive at the required situation. 
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ARE YIELDS ON PLOWED LAND DEPRESSED BY PHYSICAL CONDITIONS AND PHOS- 
PKORUS AVAILABILITY AT PLANTING DEPTH? 

E. Stibbe,  

I n s t i t u t e  of So i l s  and Water, Agricultural  Research Organiza t io~ ,  
The Volcani Center, P.O.B.6, Bet Dagan, I s r ae l .  

ABSTRACT 

~ z e r  A s ing le  au tum plowing followed by a l i qu id  N-P f e r t i l - '  
appl icat ion p r io r  t o  seedbed preparation of wheat and of cotton i n  
a dryland wheat-cotton-wheat ro ta t ion ,  f a i l ed  t o  increase the  y ie lds  
above those obtained on s o i l  disked annually and f e r t i l i z e d  a t  the  
same ra te .  Only the  f i r s t  two crops i n  the  ro ta t ion  were f e r t i l i z e d .  
The f i e l d  experiment was carr ied out with th ree  treatments i n  four 
repl icat ions  on a fine-textured s o i l  with a r e l a t i ve ly  high water 
table .  

The main reasons f o r  the  f a i l u r e  t o  obtain yie ld  increases of 
t he  crops with a s i ng l e  plowing i n  the  crop ro ta t ion  above chose 
of the  crops on only disked s o i l ,  were considered t o  be r e l a t ed  to:  

a) the  deeper average planting depth of wheat i n  a seedbed prepared 
a f t e r  plowing; 

b) the lower bicarbonate-soluble P i n  the  topso i l  l ayer  of a seed- 
bed prepared a f t e r  plowing; and 

C) the  favorable s o i l  moisture conditions f o r  growing dryland cotton 
i n  t h i s  area ,  with no cotton y ie ld  response t o  t i l l a g e  pract ices .  

I f  t h i s  s o i l  has t o  be plowed i n  autumn fo r  weed control ,  more a t ten-  
t i on  should be paid t o  prepare a seedbed with a f i n e r  aggregate struc- 
t u r e  and t o  ensure (a) adequate P-avai labi l i ty  i n  the  topso i l  l ayer  
of the  seedbed p r io r  t o  wheat planting a t  shallow depths of 3 t o  4 cm, 
and (b) optimal conditions f o r  i n i t i a l  growth a f t e r  the  top s o i l  has 
been wetted by the  f i r s t  r a i n f a l l .  

INTRODUCTION 

Phosphorus f e r t i l i z e r  applied p r io r  t o  plowing, was found t o  be 
unevenly d i s t r ibu ted  with t i l l e d  s o i l  depth a f t e r  plowing, resu l t ing  
i n  a r e l a t i ve ly  low l e v e l  of a v a i l a b l e 4  at plant ing depth and i n  
retarded i n i t i a l  growth of seedlings (2-7). Young seedlings need 
readi ly  available-P i n  the  topso i l  l ayer ;  a l so ,  P-uptake by roo ts  i s  
more e f f i c i e n t  i n  the  ea r ly  than i n  the  l a t e r  s tages  of growth (4) .  
Moreover, ?-uptake by p lan ts  i s  dependent on the  s t a t u s  of other nut- 
r i e n t s  i n  the  s o i l  (1). Plant ing depths f o r  high-yielding wheat vaz- 
i e t i e s  have become shallower and the  present recommended depth is 3-4 
cm . 

This paper reports  t he  r e s u l t s  of a f i e l d  experiment i n  which 
l i qu id  N-P f e r t i l i z e r  was applied a f t e r  autumn plowing and p r io r  t o  

Contribution from the  Agricultural  Research Organization, The Volc21~ri 
Center, Bet Dagan, I s r a e l .  No.273-E, 1978 se r i e s .  



planting. The yielding potential with this practice was compared 
with that on only disked soil with the same amount of applied N-P fer- 
tilizer (5) under semi-arid climatic conditions. 

MATERIALS AND METHODS 

The experiment was carried out in the central part of the Yizre'el 
Valley, where soil (Pelloxererts) has a high clay content of 63% and 
soil moisture is influenced by a relatively high water table fluctua- 
ting between 2.5 m in summer and 1.5 m in winter. Average annual pre- 
cipitation is 600 mi. Tillage and crops preceding the experiment were 
autumn plowing in 1968; dryland cotton in 1969; and a fodder crop in 
winter 1969/70. The experiment consisted of three tillage treatments 
on 12 x 40 m plots, in four replications in a randomized block design. 
A dryland-crop rotation of wheat-cotton-wheat was grown from 1970 to 
1973. The tillage treatments are shown in Table 1. 

Table 1: Experimental setup of tillage and fertilizer treatments. 

Year Tillage treatments Fertilizer applied on 

I I1 I11 seedbeds of all treat- 
ments 

1970 plowed disked disked 
1971 disked plowed disked 
1972 disked disked disked 

liquid N-P 
liquid N-P. -- 

For the first two years liquid fertilizer (12.5'- 12.5 - 0) was 
applied at a rate of 500 kg/ha prior to seedbed preparation and disked 
into the soil. At various times ten soil samples per treatment were 
talcen to a depth of 15 cm to determine bicarbonate-soluble P concen- 
tration according to the method of Olsen-Bray. Four 1-m row-length 
samples of wheat seedlings per treatment were taken to de ermine dry i matter production. Wheat yield was determined from 160 m and cotton 
lint from 80 m2 of each treatment. Local spring wheat var. 1177 was 
planted in autumn 1970, cotton var. C-1517 in spring 1972, and spring 
wheat var. 2152 in autumn 1972. 

RESULTS AND DISCUSSION 

The yields of wheat and cotton lint which were obtained in the 
various treatments are shown in Table 2. Statistical treatment of 
the yields showed no significant differences (at p < 0.05) between 
the annual yields of the three tillage treatments. 

Table 2: Yields (in kg/ha) of the three dryland crops in rotation 

Season Crop Yields of tillage C.V. 
treatments 

I I1 111 % 

1970171 Wheat (grain) * 3641 3754 3763 4.5 
1972 Cotton (lint) 763 774 785 5.6 
1972173 Wheat (grain) 4440 4413 4775 5.7 

* Wheat yields of 1970171 were affected by Septoria tritici. 



The total wheat yield per treatment in the 1970171 and 1972173 
seasons, showed that the wheat yield of the annually disked plots 
(treatment 111) was not less than that of treatment I or 11, each of 
which had a single plowing included in the rotation. No reduction 
in yield was thus obtained by continuously disking after the 1968 
plowing, that is, 2 years before the initiation of the experiment. 

At least two interacting factors influencing the early ~rowth 
stages of wheat seedlings may be shown to be the cause of low yield 
response on plowed soil as compared with on disked soil. 

In the first place, planting wheat in dry soil at shallow depths 
of 3-4 cm, as required today for the high-yielding varieties in use, 
is better achieved on a seedbed prepared by disking alone, rather 
than on a seedbed prepared by plowing followed by the necessary sec- 
ondary tillages. average planting depth deeper than the recomen- 
ded one on a seedbed prepared by plowing, caused by a coarser aggre- 
gate structure, increased the time needed to full emergence after 
planting; this was more apparent in the differences in early seed- 
ling development, as shorn in Table 3. 

Table 3: Differences in growth of wheat seedlings. 
(averages with 95% confidence limits) 

Seedbed Planting Height of Dry matter 
preparation depth (cm), 1st leaf (cm), weight (kglha) , 

12/XI/70 61XII170 16/XII/70 
plant root 

Plowing 4.4 2 0.3 11.3 + 0.4 26 33 
Disking 4.0 * 0.3 12.0 * 0.4 38 39 

Standcount of seedlings per 1-m row-length showed no significant 
differences between the tillage treatments. Another important 
reason for the retardation in seedling growth on seedbeds prepared 
by plowing may have been the poor seed-soil moisture contact as a 
result of a coarser aggregate structure; however, this is difficult 
to determine under field conditions (3). 

In the second place, shallow-planted wheat in dry soil requires 
sufficient available nutrients in the topsoil layer for early growth 
of seedlings after the soil has been wetted by the first rainfall. 
Phosphorus uptake by seedlings was previously found to be related to 
the available soil-? in the topsoil layer (7). The average content 
of bicarboante-soluble soil-P from residual and applied P fertilizer, 
as determined at various times, is shown in Table 4. 

Table 4: Average content of bicarbonate-soluble P (ppm) in the 0-15- 
cm soil layer of wheat (1970171 season). 

Time of sampling Bicarbonate-soluble P (ppm) 
Plowed plots Disked plots 
(treatment I) (treatments 11,111) 

Before tillage and fertilizing 8 
After tillage, before fertilizing 5 
.After tillage and fertilizing 17 
After wheat harvest 4 



The difference in available soil-P between the plowed (17 ppm) and 
the disked (22 ppm) seedbeds directly before planting was found to 
be significant at the 1% level. There was less available soil-P 
near the planted seeds in seedbeds prepared by plowing as compared 
with those prepared by disking. Similar results were obtained for 
plowed treatment II in 1971 prior to cotton planting, and the effect 
showed up in the wheat yield of this treatment in 1972173. 

Which factor has the greatest influence on the lower yield res- 
ponse of wheat on autumn-plowed soil can be determined only in a 
simulated laboratory experiment under controlled conditions. How- 
ever, at present it seems reasonable to recommend (a) a seedbed 
preparation which gives a fine aggregatestructure for wheat planting, 
and (b) a sufficient amount of P-fertilizer applied after plowing, 
taking into account the lower residual P-availability of the topsoil 
of the overturned soil. This ensures optimal conditions for the 
shallow-planted seeds to germinate after the first rains wet the 
upper part of the soil profile. 

No significant yield differences were found in the 1972 cotton 
crop, although this could have been expected, since soil moisture 
in this area is not the limiting factor for growth of a dryland 
sunuaer crop. No differences in the vegetative or generative growth 
of the cotton plants could be observed between the disked and the 
plowed seedbeds (6). 
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NECESSARY FORCES AND QUALITY OF WORK ON PLOWING - 
WITH DIFFERENT KINDS OF MOLDBOARDS. 

By 2. Ortiz-Callavate, L. Val and F. J. Juste * 
Dept. Mecanizacibn Agraria, Madrid (Spain) 

ABSTRACT 

Three different kinds of moldboards have been studied, moun- - 
ted on the same frame, in three  different kinds of soils, and v a .  
rying the speed of work and the conditions of the soil  to be plowed, 
fo r  the purpose of establishing which is the one best suized in each 
case from the point of view of the energy consumed and the quality 
of the plowing. A few slight differences were appreciated in favour 
of one o r  the other in each case, although the variation is greater-  
in function of the state of the ground. 

INTRODUCTION AND OBJECTIVES OF THE RESEARCH 

Taking a s  a basis a geometrical classification of mpldboards - 
established by HERNANZ, J. L. and ORTIZ-CARAVATZ, J . ,  1979, 
three  different shapes have been studied: cylindrical, universal 
universal-warped in three  different kinds of soil  and in different-- 
humidity conditions for  different piowing speeds. 

The main objective of the present research work has been to - 
determine which moldboard shape is the one which best adapts to- 
each kind of soi l  f rom two points of view: the energy consumed and 
the quality of the plowing. 

As antecedents of analogous research works with moldboard - 
plows we may cite, among others, SOHNE, W. H. 1960, in Germany, 
BILLOT, J. F. et M. BINESSE, 1971, in France and REED; J. F. - 
1941, in the United States, although each author employs a diffen?nt 
methodology and they al l  devote themselves to those kinds of plow- 
most used in their  respective countries. 

MATERIALS AND METHODS 

Of the 22 moldboards previously studied (ORTIZ-CARAVATE, 
J. 1976) three  have been chosen of the most different kind possible 
within the range existing in our country: a cylindrical one ------- 

* )  Dr. Ing. Agr. J. Ort iz-Ca~avate  is Professor,  Agr. Ing. L. - 
Val is Reaearch-Assistant at  the P6lytechnic University and Dr. - 
Ing. Agr. F. J. Juste is Researcher of INLA, Madrid. 



(B254-38), a universal (B-1776-2d)and a universal-warped (BH2-R), 
a s  the warped o r  the general purpose ones a r e  little used in Spain. 

The soils where the research has been carried out have been - 
of the sandy-loam, loamy and clay kind, situated in a farm belon- - 
ging to the Institute of Agricultural Research (INIA) in Alcalg de - 
Henares (Madrid). 

A s  a support of the moldboards a single f rame of one body has 
been used on which the share  and the straight coulter were main-- 
tained constant. 

The measurements carr ied out during the tests  were the follg 
wing: 

a )  CONDITIONS OF WORK: In every furrow of 20 m in length the- 
width and depth of the plowing were measured at  three fixed points 
(at 6,10 and 1 4  m),  and also the angle of turning and the speed of- 
work. The prefixed values were for the width: 35an (the body of * 
plow was of 14'' width), fo r  the depth: 25  cm established by means 
of a support wheel and for speeds, the ones used were between 4- 
and 6. 5 km/h which represent the most usual values in our country. 

b) RESISTANCE TO PENETRATION 

Measurements were taken with a penetrograph of the kind - 
described by HABEGGER, E . ,  1971,  before and after  plowing, obz 
taining a graph of resistance to penetration of the conic point in-- 
function of the depth and establishing a "cone index" (IC) a s  the a 
verage value of the resistance to penetration with regards to  the- 
depth of work of the piow. 

c) UNIFORMITY OF WORK 

The rugosity of the ground was established from the data- 
provided by'a perfilometer of 2.5 m in width, supplied with a level 
and rods spaced every 5 am (fig. 1). 
The ra te  of rugosity is e s  
tablished by means of t h c  
expression: 

R= log e3- 

C being the standard de- - 
viation of the reference -c 
point of the ground after 
plowing with respect to i ts  , 

average value. 

d) SOIL SWELLING 

With the data taken on Fig. I .  - Perfilometer to esta--  
the perfilometer an index of - 
swelling of the ground was- blish the rugosity of the ground- 
establis.hed, obtained thiTorKqn and the soil swelling. 
plowing. 



b - a  
e= . 100 (70) 

P 

a: average of the reference points of the ground before plowing ( r e  - 
ferring to a determined level). 

b: average of the reference points of the ground after plowing (refer - 
ring to the same level). 

p: average depth of the furrows. 

e )  DENSITY AND HUMIDITY 

With some metal cylinders (of the "Kopecki" kind) samples 
of earth were taken with a determined vb1ume;they were weighed - 
and the apparent density of the soil  was determined in the arable - 
area  before and after plowing by means of the formula: 

m 
d = ds , being m : mass  of dry sample and V : volu 
aP Ve ds e - 

me of the cylinder. 
,I This ap arent density "d changes from a value around -- s 3 1,4-1, 5 kg/dm before plowing to 1 , l - 1 ,  2 kg/dm after  p h i n g .  

The humidity was established by drying the soil in a stove a t  
105 ?C during 24 hours and determining the loss of mass  which is 
equivalent to the water lost. 

f )  LONGITUDINAL FORCE 

It was measured with the frame specially designed for han- 
ging implements (fig. 2). On attempting to measure only the longit: 
dinal forces, the objective was to cancel out the vertical and t rans  
versa1 components. In order  to do that, the design consisted funda 
mentally in a longitudinal bar  B where the body of the plow was p@ 
ced, supported on the f rame A by means of respective articulated- 
parallelograms: one vertical with two bars  "ab" and the other hori  
zontal with two bars  "cd". The longitudinal force was determined- 
with a dynamometer. The register  of these forces refers  to the cor  
responding sections of work, thus obta~ning the values of the speci- - 
fit resistance for each plowing. 

1 

Fig. 2. - Frame to measure longitudinal forces for a 
one-body mounted plow. 
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RESULTS OBTAINED 

The values indicated have been established from 82 field de- 
terminations, but only 50 have been kept, corresponding to  a humidi 
ty of the earth comprised within 1 0  and 16  OJo, which in tiIe soils stu- 
died a r e  the best for  plowing. In fig. 3 the values of the specific re 
sistance a r e  represented, obtained in each plot and for each m o l d -  - 
board, referring to  the speed used. 

30 1- 
.... .- 

20 

universal 

18-2%-381 11776-2d) 

p: specific soil resistance 
v (km/h) v : spe@d for plowing 

Fig- 3. - Specific soil resistance for plowing with different mold -- -- - boards in three types of soils. 



With respect to the numeric values relative to the quality of 
the plowing and to the force necessary to plow in different conditiorrj, 
in Table 1 the average values a r e  expressed of the different indexej: 
,&, specific force for  plowing; IC, cone index, R, roughness and - -  
e,  swelling. 

-- I 
p (kPa) 25-31 3135 2 8 

Sandy IC (kPa) 412 323 558 1 Loam R I 49 48,5  49 48, 5 54 1 
Soil e (70) 18.51 24,5 18.3 / 

(kPa)/ 20-22 25-35 I (kPa) 363 314 388 31 9 392 
Soil R 1 4 3 . 5  46 49 1 44.2 I 

Lhkeml-vYarped M. 
(B-H2-R) I ' Cylindrical M. / (B-254-38) 

Table 1. - Values obtained with different moldboards in three  types 
of soils  /6! :specific force for plowing; IC: cone index; R: rou@ess; 
e: swelling. 

Universal M. ' 

.(B-1776-2d) 

DISCUSSION AND CONCLUSIONS 

c lay  f ~ ( k ~ a )  
Soil R 

e (70) 

The fundamental objective of the extensive research project 
of which this is only a part,  is to establis for  each klnd of soi l  (in- 
principle the most usual ones in our country), the kind of moldbard 
o r  disk plow which is best suited for the different circumstances.In 
thls work the results obtained until present with moldboard plows-- 
a r e  given, and at the same tlme methods of measuring forces of trac 
tion and the physical properties of the soil  a r e  established to quant; - 
fy the quality of plowing and the energy necessary to ca r ry  it out. --  
From this point of view the apparently simple system of measuring 
the forces of traction has been highly positive and the following con - 
elusions can be deduced: 

513 
53 

29. 4 

578 ' 463 
58.5 1 48 

1 32.8 1 28. 5 

- F o r  loamy soils  the moldboard which car r ies  out apprecia - 
bly better  plowing with the least effort is the universal. 

- In sandy loam and clay soils  there  a r e  not such marked &f  - 
ferences, but the universal i s  inferior to the other two : the cylin-- - 
drical  and the universal-warped. 

310 
56.5 
27. 5 

With regards  to the indexes of quality of plowing, that of r u -  - 
gosity gives u s  a sufficiently good indication of the existence and - -  
s ize  of the clods which appear. 

The cone index, IC, i s  very useful for  knowing the degree of 
compactation of the soil before plowing, although af ter  plowing the- 

803 
54 

36. 4 

456 
57 

30. 9 



result$ are dependable, the average values a r e  in the lower l imit  of 
appreciation of the penetrograph used. 

The measurement  of swelling has  been c a r r i e d  out with the  
s a m e  perf i lometer  used to  establish the  rugosity, which means  a- 
new usefulness f o r  the data which this apparatus  provides. The rc 
sults"3how a fa i r ly  marked  dispersion, which will oblige us in futu 
r e  determinations to  make these m o r e  numerous and even m o r e  @ 
c i se  by means  of a perf i lometer  of g r e a t e r  precision. 

To sum up, we may establ ish that slight differences a r e  ap-  
preciated in favour of one moldboard o r  another in each kind of GI: 
in loamy so i l  the universal  works bet ter ;  in  sandy-loam soi l s ,  the- 
cylindrical,  and in clay so i l s ,  the universal-warped, although this  
variabili ty is much less significant than that which is appreciated - 
on varying the conditions of the soil ,  especially the humidity. 

This r e s e a r c h  work has  been possible thanks to  the funds-- 
granted by the Asseso r i a l  Commission fo r  Scientific and Technical 
Resea rch  to  which we wish to express  ou r  gratitude. 

We a r e  a l so  grateful  f o r  the help given by the Spanish Natig 
nal  Institute of Agricul tural  Resea rch  (INIA). 
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Effects of some soil tillage implements on a Parabraunerde 

(para brown earth, hapludalf). 
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ABSTRACT 

The effects of various soil tillage implements on a Para- 

braunerde (para brown earth, hapludalf) were examined. The 

variability of yields was moreinfluenced by the factors 

"years" (resp. weather conditions) and "N-fertilizing" than 

by the factor "soil tillage". Regarding the yields of the 

field crops the mouldboard plough and the rotary plough had 

similar effects; in some parts however, both differed consi- 

derably from the effect of the rotary spading machine. Crop 

residues and green manure were not completely incorporated 

into the soil by the rotary spading machine. Thereby the 

plant density of the following cereals was reduced. 

According to the favourable soil conditions in the loess 

soil no remarkable effects of the different soil tillage 

implements on the soil structure were noticed. A differenti- 
ation of the root development in relation to the employed 

Soil tillage implements could not be found. Under these soil 

and tillage conditions soil loosening with the aid of a 

rotary spading machine as an alternative to deep ploughing 
proved to be problematically. 

INTRODUCTION 

Year by year soil tillage implements are developed or zfi:G~'m 

impkments are modified. This is true for the prirnaxy and 

secundary soil tillage. An evaluation of new soil implements 

Should only be done by a direct comparison with knowr. SZan- 

dard implements, if possible in the course of several years 



to overcome the variation of the weather conditions. In this 

experiment as a standard the mouldboard plough was compared 

with the rotary plough and the rotary spading machine, 

MP-TERIALS AKD METHODS 

These machines differ remarkably in their modes of working. 

The mode of working of the mouldboard plough is generally 

known. The rotary plough cuts the soil bar with a small plough 

share. It is then crushed by a vertical rotor body, situated 

sidewards behind the plough, and then moved aside. The working 

of the rotary spading machine reminds of the movements Of hand 

spading, but the topsoil was only loosened. These soil tillage 

implements were used during the years 1971 - 75 on a para brown 
earth in the rotation sugar beet, winter wheat, winter barley, 

winter rye, oats. Except for the year 1972 legumes, especially 

Persian clover, were grown as green manure before winter rye, 

oats and sugar beet. Under this tillage system with insufficient 

incorporation of the cereal stubble the stands of Persian clover 

tended to be partly heavily invaded by weeds. Therefore Italian 

ryegrass was sown in the year 1972 as green manure to allow 

chemical weed control, if necessary. The effect of incorpora- 

ting the green manure into the soil with the aid of the various 

soil tillage implements was also of interest. 

The soil tillage before the catch crop was sown was done with 

a heavy cultivator up to a depth of about 12 - 15 cm. Before 
the main cropswere sown the soil was ploughed or loosened to 

the full depth of the topsoil using the mouldboard plough, the 

rotary plough or the rotary spading machine. The preparation of 
the seed bed was uniformly, that is independent of the way of 

primary soil tillage. 

RESULTS AND DISCUSSION 

The table of variance for the yields shows a strong influence 

of the factor "years" on the variability of the yields (Table 1 ) .  

This influence is not so well marked in the wheat as in the 

other crops. The variance of the factor "N-fertilizing" is aisc 

significant. The significant interaction years x N-fertilizing 

shows a different effect of the N-fertilizing in the individual 



years .  Obviously t h i s  is caused by t h e  very  d i f f e r e n t  

wheather condi t ions  dur ing  t h e  time of experiments. The 

va r i ance  of t h e  f a c t o r  " s o i l  t i l l a g e "  shows only s i g n i f i -  

cance i n  t h e  crops  winter  ba r l ey ,  winter  rye  and o a t s .  A 

s i g n i f i c a n t  i n t e r a c t i o n  with t h e  o t h e r  f a c t o r s  can only be 

no t i ced  i n  t h e  o a t s .  I t  cannot be excluded, however, t h a t  

d i f f e r e n c e s  i n  s o i l  s t r u c t u r e ,  caused by t h e  e f f e c t  of t h e  

t i l l a g e  implements, had been equal ized by an i n t e n s i v e  seed 

bed p repara t ion .  

During t h e  yea r s  1971 and 1972 t h e  curves f o r  t h e  y i e l d  i n  

r e l a t i o n  t o  t h e  d i f f e r e n t  s o i l  t i l l a g e  implements had a re- 

l a t i v e l y  s i m i l a r  form i n  win te r  rye  and o a t s .  I n  t h e  year  

1973 g r e a t  d i f f e r e n c e s  i n  y i e l d s  occured between t h e  t i l l a g e  

v a r i a n t e s  (mouldboard plough and r o t a r y  plough compared w i t h  

t h e  r o t a r y  spading machine). These d i f f e r e n c e s  could be 

observed i n  t h e  fol lowing year  as w e l l .  The mouldboard 

plough and t h e  r o t a r y  plough have a s i m i l a r  behaviour i n  

r y e  and o a t s .  These d i f f e r e n c e s  i n  y i e l d  are caused by t h e  

same reason.  Both c e r e a l s  w e r e  grown a f t e r  t h e  green manure 

wi th  I t a l i a n  ryegrass  i n  t h e  yea r  1972. Contrary t o  t h e  

mouldboard plough and t h e  r o t a r y  plough t h e  r o t a r y  spading 

machine worked i n  t h e  I t a l i a n  ryegrass  only incompletely.  

The r e s u l t  w a s  a p a r t i a l l y  regrowth of I t a l i a n  ryegrass  i n  

t h e  popula t ion  of win te r  rye  and o a t s  i n  t h e  s p r i n g  of 1973. 

The p a r t i a l l y  remarkable low d e n s i t y  of c e r e a l  seed l ings  

on t h e  spaded p l o t s  could n o t  be compensated by a heav ie r  

t i l l e r i n g ,  s o  t h a t  t h e  lower y i e l d s  i n  winter  r y e  and o a t s  

i n  t h e  year  1973 a r e  mainly caused by t h e  low p l a n t  dens i ty  

Of t h e  c e r e a l s  (F igure  1 ) .  The problems observed i n  t h e  

year  1973 fo l lowing t h e  use  of r o t a r y  spading machine w e r e  

no t i ced  i n  t h e  same tendency a l s o  i n  t h e  o t h e r  c rops  and 

dur ing  a l l  years .  

Crop r e s i d u e s  and green manure which w e r e  only incornple te~y 

worked i n  wi th  t h e  a i d  of t h e  r o t a r y  spading machine, n o t  only 

caused a decrease  of t h e  d e n s i t y  of seed l ings  and p lants2  

b u t  a l s o  a p a r t i a l l y  remarkable regrowth of t h e  c e r e a l s  in 

t h e  fol lowing main crop. This  e f f e c t  causes problems when 



ploughing is replaced by soii loosening under this far- 

ming system for example for seed growing or by sowing 

green manure with plants which do not die in winter. 

After the harvest of wheat, root investigations were 

carried up to a depth of 100 cm with the aid of the UTAH 

Soil Sampling Machine. No differences in root development, 

caused by the different soil tillage implements, could be 

observed. In winter wheat physical and chemical soil in- 

vestigations were carried out. Only in some cases, 

especially in the medium top soil (10 - 20 cm depth), 
effects of the different tillage implements on the soil 

structure were evident. Obviously the better physical 

soil conditions of the loosened plots (rotary spading 

machine) have favoured the decomposition of cellulose 

ardthe nitrogen release. It must be considered, however, 

that the partly occuring differences in the chemical and 

physical properties of the soil had no effect on the yield, 

because they were in contrast to the remarkable differen- 

ces in the plant density observed. 

A displacement of clay as well as a modification of the C- 

and N-content of the soil, caused by the primary tillage 

methods, could not be proved, 
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Source of 

Replications (R) 

Years ( Y )  I 
S o i l  t i l l a g e  ( T )  

Y x T  

R x Y  

R X T  

Y x N  

'r x N 

Y x S T x N  

~ ?able 1 - Table of  variance for  the yields 



P l a n t  d e n s i t y  .. 

Mouldboard plough 
--- Rotary plough 
- - - - - - - - - Rotary spading machine 

LSD 1 

Yield 

(d t /ha )  

F igure  1 - P l a n t  d e n s i t y  and y i e l d  i n  r e l a t i o n  t o  s o i l  

t i l l a g e  and N - f e r t i l i z i n g  (oats) 
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ABSTRACT 

Field experiments on a wide range of s o i l s  have shown tha t  higher 

yields  of cereal and vegetable crops can be achieved by thorough sub- 

s o i l  loosening with the Wye Double Digger compared with conventional 

t ined subsoiling techniques. Additional yield benefi ts  a re  a l so  

possible from incorporation of f e r t i l i s e r  i n t o  the subsoil. Research 

is continuing t o  decide on the  r a t e  and frequency of f e r t i l i s e r  

applications and t o  optirnise machine designs. 



Current subsoil ing techniques are  l imited by the need f o r  a d v  

subsoil  t o  give f issur ing and shat ter ing,  and a dsy s o i l  surface fo r  

good t rac t ion .  Subsoil loosening through d i rec t  shear by a rotary 

t i l l e r  can be achieved i n  moister conditions than is possible t h r ~ u g h  

t e n s i l e  f a i l u r e  (cracking) of s o i l  associated with a t ined subsoiler.  

The development of the Wye Double Digger has been described i n  a 

previous paper (Warboys, Wilkes, Gooderham and Wilkins, 1976). This 

machine rotary t i l l s  the subsoil  and a t  the  same time ploughs the 

topsoi l .  The s o i l  is thoroughly loosened t o  a depth of 45 cm i n  one 

operation,  viithout mixing subsoil  with topsoi l  and without inver t ing 

the s o i l  p rof i le .  Because of the forward ro ta t ing  ro to r ,  draught and 

wheelslxp are  expected t o  be l e s s  than fo r  conventional ploughing. 

There may be fur ther  benef i t  i n  the use of the Double Digger f o r  

mixing materials spec i f ica l ly  i n t o  the subsoil .  On many agr icu l tura l  

s o i l s  the concentrations of pbosphoms <PI and potassium (K) in the 

subsoil  a r e  very low v;hea compared t o  concentrations i n  the topsoi l .  

I t  i s  also reccgnised tha t  subsoi ls  i n  many regions of the humid 

t ropics  a r e  acid (Sanchez, 1976). Therefore, t he  incorporation of 

nu t r ien ts  and lime in to  subsoils could give increases i n  crop y ie ld  

addit ional t o  those obtained by double-digging alone. A f e r t i l i z e r  

d i s t r ibu t ing  attacbaent has now been incorporated in to  t he  design of 

the prototype Wye Double Digger. 

Effect  of deep placement of f e r t i l i z e r  on crop y ie ld  

Tined subsoi lers  have been used i n  Gemany with pneumatic 

f e r t i l i z e r  dispensers t o  blow f e r t i l i z e r  i n t o  the subsoil  behind the 

subsoil ing t ine .  Because of the  r e l a t i ve  immobility of phosphorus and 

potassium, wings and vibrat ing shares have been used i n  attempts t o  

improve the d i s t r ibu t ion  and mixing of t he  subsoi l .  Despite t he  

d i f f i cu l ty  of ploughing urd mixing f e r t i l i z e r  i n  the  subsoi l  with 



exis t ing equipment, responees t o  deep placenent of R e ~ t i l i z e r  b y e  

been encouraging (Schulte-Karring, 1973). 

The Wye Double Digger exposes t he  surface of t he  subsoi l  by 

ploughing, places f e r t i l i z e r  on the  exposed subsoil surface a d  then 

incorporates t he  f e r t i l i z e r  i n t o  the subsoil  by rotary t i l l a g e  down 

t o  a s o i l  depth of 45 cm. I t  is thought t ha t  t h i s  method would give 

a more uniform d is t r ibu t ion  of f e r t i l i z e r  i n  the  subsoil  than would 

methods previously used, and tha t  increases i n  crop y ie ld  could be 

greater .  

In  the United Kingdom the benef i t  of incorporating f e r t i l i z e r  

i n to  the subsoi l  was f i r s t  shown i n  hand dug t r i a l s  begun i n  1974 a t  

Rothas ted  Experimental Stat ion,  Harpenden (Table 1 ) .  

Table 1 Effects  of subsoi l  loosening and incorporation of P & K 
(1974-1976) 

Mean y ie ld  (tonnes/ha) 

Treatments 1 2 3 4 
None Hand Double Rand IPouble Extra P&K t o  

Digging Digging and topsoi l  
ex t r a  P&K t o  

subsoil  

Wheat 4.4 5.4 5.2 4.2 

Sugar 
(Sugarbeet) 4.1 4.4 4.7 4.1 

Barley 3.5 4.5 5.1 

Potatoes 48 47 56 

(Source: Woburn Experimental Stat ion Centenary. Guide t o  
Demonstrations, 1977). 

A l l  treatments received a standard NPK dressing t o  the topsoi l .  

An addit ional l a rge  dressrag of PK w e s  applied t o  t he  subsoi l  and kog- 

s o i l  i n  treatments 3 and 4 respectively.  



Double digging alone benefit ted a l l  crops, except potaloe*, w i t h  

y ie ld  increases of 23% fo r  wheat, 29% for  barley and 7% f o r  sugarbeet. 

Furthermore, incorporation of f e r t i l i z e r  i n t o  the subsoil  when double- 

digging (treatment 3) resulted i n  increases i n  yield fo r  potatoes, 

barley and sugarbeet of 17%, 46% and 15%. 

E ~ ~ e r i m e n t s  using the Wye IPouble Digger fo r  deep placement of 

fe r . t i l i zer  were conGucted at the  National Vegetable Research Stat ion,  

WePlesbourne i n  1977 (Table 2 ) .  

Table 2 Percentage increase i n  yield over controls resul t ing from 
double digging 61977) 

Double Digger Double Digger plus deep 
f e r t i l i z e r  incorporation 

(N,P,K) 

Potatoes 

Broad Bean 

Cabbage 

Red Beet 
- - -  - - 

Source: National Vegetable Research Stat ion,  Annual Report, 1977. 

Double digging alone increased y ie ld  between 94% fo r  potatoes and 

33% fo r  red beet. Broad beans rvd potatoes gave fur ther  msponses t o  

deep placement of f e r t i l i z e r ,  but cabbage and red beet did not. 

In 1978, fur ther  experiments were carried out a t  Rothamsted and 

Wobum ExperhentaP Stat ions,  using spring barley as  the  t e s t  crop. 

The Wye Double Digger was compared to  both standard and winged t i n e  

subsoilers.  Deep incorporation of PK f e r t i l i z e r  by the  Wye Double 

Digger was compared with tha t  by a winged subsoiler.  Yield r e s u l t s  

a re  presented i n  Table 3. Data i n  parenthesis from the s i l t y  clay 

loam have been adjusted f o r  a diagonal trend across the  s i t e .  



TaWe 3 Effect ox subsoil loosening and deep placement off PK 
f e r t i l i z e r  on spring barley. yields  C t D  85% DM) 1978 

Daep P:K Site:Woburn Rothamsted 
%/ha Soi1:Sandy loam Fl inty,  s i l t y  

clay loam 

Plough (control) N i l  4.35 4.76(4.39) 

Farm subsoiler N i l  4.95 5.07(4.5BQ 

Winged subsoi ler  N i l  3.58 4.21(4.62) 

Winged subsoi ler  843: 382 2.89 4.66C5.08) 

Wye Double Digger N i l  5.27 5.23C5.259 

Wye Double Digger 843:382 5.46 5.99C5.97) 

L.S.D. (P = 0.05) 0.98 1.36C0.95) 

Double digging increased the yield of spring barley by 21% and 

by iO% on sandy loam and f l i n t y  s i l t y  clay loam respectively. 

Incorporation in to  the  subsoil  of very high dressings of PK 

f e r t i l i z e r  with the  Wye Double Digger gave fur ther  yield increases,  

26% higher than the control on both so i l s .  On the  other  hand, the  

winged subsoi ler  decreased yield substant ia l ly  on both s o i l s .  The 

poor overa l l  performance of the winged subsoi ler  could perhaps be 

a t t r ibu ted  t o  the  subsoil  not being su f f i c i en t ly  dry when the 

operation was carr ied out. I t  seems probable too that mixing of 

f e r t i l i z e r  with subsoil  by the  winged subsoi ler  was inadequate i n  

Spi te  Of the  subsoiling runs being made a l te rna te ly  a t  two depths 

(30 cm and 40 cm) and a t  close spacing (30 cm). 

In an experiment a t  Wye i n  1978, there  were no crop y ie ld  

responses t o  deep incorporation of PK f e r t i l i z e r  with the  Double 

Digger (Table 49. Rates of PK f e r t i l i z e r  used, however, were small 

when compared t o  those used a t  Rothamsted and Woburn. Even so ,  

double digging alone increased t h e  yield of winter wheat and spr ing 

barley by 15% and 7% respectively. 



Table 4 Effect  of double digging and deep placement of PK f e r t i l i z e r  
on cereal  y ie lds  (t/ha 85% DM) 1978 (Soi1:silt  lorn) 

Cult ivation Plough Wye W e  L.S.D 
(control)  Double Digger Double Digger (P=0.05) 

Deep P:K kg/ha N i l  N i l  38:73 

Winter wheat 3.86 4.44 4.23 0.32 

Spring .barley 4.08 4.36 4.21 0.24 

From these r e s u l t s  i t  is c l e a r  t h a t  there  could be very important 

addit ional benef i t  from the  incorporation of f e r t i l i z e r  i n t o  subsoi l .  

Eiowever, much fu r the r  research is needed t o  decide which p lan t  

nu t r ien t s  should be deeply incorporated, appropriate r a t e s  and 

frequency of application. &search is a l so  in progress t o  optimise 

machine designs i n  terms of work r a t e s  and power requirement. 
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SOME ADVANTAGES OF UNDER-THE-ROW SUBSOILING 

Dr. Albert C. Trouse, Jr. 

National Tillage Machinery Laboratory 
U.S. Department of Agriculture 
Auburn, Alabama 

ABSTRACT: Under-the-row subsoiling is a practical technique to 
increase crop production by piercing man-made soil 
barriers to good root proliferation in a way to 
eliminate damage from recompaction. 

Soil in the tilled horizon of all fields is susceptible' to severe com- 
paction by traffic. Even light implements traveling in dry soil that 
has been well disturbed can leave soil in a deteriorated physical con- 
dition. While the extent and degree of physical deterioration may vary, 
crop response is highly sensitive and responsive to the soil conditions 
affecting air and water permeability. 

Tillage is performed to prepare a good seedbed and rootbed, and to im- 
prove the physical condition of soil. Such benefits do not occur using 
the conventional plow-harrow-plant system of mechanized agriculture, and 
a minimum of five concurrent and distinct soil conditions result: 
(a) Loose, untrafficked soil in the planted row -- frequently the only 
suitable environment for good root proliferation; (b) a horizon of 
soil compressed by the harrow in which roots may elongate, but elongate 
slowly; (c) bands of soil formed by wheel traffic in the interrows 
that are so densely compacted roots develop only with extreme difficulty; 
(dl a dense plowpan below the harrowsole that restricts or confines 
deeper root development, at least temporarily; and (e) subsurface 
material which is often in good physical condition for normal root de- 
velopment because it is below the depth disturbed by man's tools and 
traffic. 

These soil zones are frequently unrecognized in tilled fields. Three 
of them (b, c, and d) are responsible for serious agricultural problems, 
and the subsurface soil (e) is of little use when roots cannot bypass 
the plowpan. Any band or horizon of compressed soil has an adverse 
effect on soil air, water, and root permeability. The rate of root 
elongation and root proliferation within the affected soil also suffers. 
Not only is plant growth and production severely affected by soil com- 
paction, but such compaction can directly affect the amount of runoff 
and the chemicals and soil particles that wash from farmed fields. 
Water washed from a field reduces the amount of moisture stored to nour- 
ish the crop. The velocity and volume of runoff concentrated in de- 
pressed traffic lanes increases the severity of soil erosion. 

It was once commonly believed that subsoiling through plowpans would 
remedy the soil compaction problem. In practice, hosever, water infil- 
tration and crop production are seldom improved. Rarely will random 
subsoiling improve a sufficient percentage of a compacted field, even 
when subsoiling is performed properly, since later indiscriminate traf- 
fic usually negates the remedial action. 



Where subsoils are conducive to good air, water, and root permeability, 
our studies indicate that subsoiling can be made beneficial by barely 
piercing the deepest man-made barrier. Deeper subsoiling only wastes 
fuel, power, and time, and leaves the loosened soil vulnerable to deep- 
er compaction later on. Our studies also point out that subsoiling can 
be effective only when performed in locations that will be free from 
subsequent traffic. 

This suggests "hiding" the subsoiled zones from later traffic. The ob- 
vious placenent for such subsoiling to reduce the chances of recompac- 
tion is beneath the planted row. The required operation is called 
I t  under-the-row subsoiling." After the field is plowed and harrowed, or 
merely harrowed, it is subsoiled in the location to be planted just 
deep enough to assure piercing the deepest barrier. The subsoiler 
shanks are spaced a row-width apart, and the field is subsoiled in the 
direction of the next crop to be planted. A ridge is often built over 
the subsoiled slots by using a ridging device behind each shank. This 
technique not only marks the location for planting, but provides mate- 
rial for natural settlement into the excessively loosened subsoiler 
slot. From experience gained in the United States in cool regions, the 
ridges will drain sooner and warm up faster in the spring, and, although 
having a dry cap, surface soil can be pushed aside to assure that seeds 
are planted at the proper depth in moist soil. Equipment wheel traffic 
is then confined to the furrows when planting so that the soil loosened 
by subsoiling will not become recompacted. These procedures assure 
permeable soil beneath the seed for deep, rapid, early root develop- 
ment. 

Experimental Results and Discussion 

In the southeastern United States, many droughty soils build up "pans" 
capable of limiting root development to tillage depth. Such soils are 
then unable to store a sufficient volume of retrievable moisture for 
ready availability to crops between rains. Many of our studies were 
conducted on such soil -- in farmers' fields where test strips varied 
from 4 rows wide and 100 meters long to bands of 20 hectares. Table 1 
shows typical results from some of these studies. The yields may seem 
extreme, but are common in test conditions existing in the soils of the 
Coastal Plains. 

Table 1 

COMPARISON OF YIELDS 
UNDER-THE-ROW SUBSOILING VS. CONVENTIONAL TILLAGE 

Under-the-row 
Conventional subsoiled 

Crop Location kglha kglha 
Maize Clopton, Alabama 2572 5396 
Maize Echo, Alabama 2447 11858 
Soybeans Lily, Georgia 1881 3629 
Seed Cotton Marvyn, Alabama 3184 4372 

During years of poorly dispersed rains, it'was not uncommon,for yields 
in the under-the-row subsoiled strips to better by more than 400 percent 
the yields in the conventionally prepared strips. During years with 
more equitable rainfall distribution,'yield increases ranged closer to 

. . .. . . .. . . - . - . . 



50 percent. Results such as those shown in Table 1 are affected 
strongly by moisture availability. Under conventional tillage prac- 
tices, much of each high-intensity summer rain is shed from the field, 
and the moisture storage capacity often is not reached, even after 
rather heavy periods of precipitation. The higher yields produced 
where the fields were under-the-row subsoiled can be attributed to the 
capture of more of each of these rains. However, to obtain higher 
yields, sufficient fertility must be assured and pest control cannot be 
neglected. In addition, crops in the subsoiled strips had deep root 
systems and were able to retrieve the additional moisture stored below 
the restrictive pans. Where the under-the-row subsoiling technique 
has been practiced on actual farms, it is common for production to in- 
crease from 20 to 30 percent. The reasons for the small increases are 
many, but the yield improvement is sufficient to increase the accept- 
ance of under-the-row subsoiling. 

Even where moisture is ample, root development and growth, and crop 
yields can be improved by under-the-row subsoiling. Presumably, this 
is because of the slow rate of root development in dense soils, 
making roots less efficient in supplying enough moisture and cutrients 
to the crop at rates needed during peak temperature and sunlight 
hours. The large and more rapidly developing root system produced by 
under-the-row subsoiling techniques is capable of meeting the physio- 
logical demands of the plant during these periods. 

Another study was conducted in well-watered silty clay loam to verify 
observations made under favorable moisture regimes. One of the large 
soil bins at the National Tillage Machinery Laboratory, Auburn, Ala- 
bama, was prepared with a typical plowpan and harrowsole. One row 
about 70 meters long was under-the-row subsoiled prior to planting and 
was compared with a typically prepared seedbed in a row 2 meters away. 
The three adjoining rows served as guard rows on each side of the two 

BRAGG SOYBEANS - CONGAREE SILTY CLAY LOAM 
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Figure 1. MEAN TAPROOT ELONGATION 



test rows. After the 'subsoiled row had settled, pregerminated soybeans 
were hand-planted about 1 centimeter deep and 10 centimeters apart in 
each of the rows. On the following day, and each day for 2 weeks 
thereafter, 10 seeds were dug up in each treatment and the length of 
the taproots measured. Figure 1 shows the results of the mean root 
measurements obtained, and confirms our earlier field observations. 
Although there were no differences in early growth in any of the well- 
moistened and fertilized strips, a gain in top growth became obvious 
in the under-the-row subsoiled row after 3-112 weeks, and at maturity 
its yield was.26 percent higher. 

Conclusions 

Tests conducted in the southeastern portion of the United States over 
the past 10 years show that yields can be substantially increased by 
under-the-row subsoiling in areas where low yields are common due to 
poor soil or climatic conditions. In situations where moisture cap- 
ture and storage are normally more conducive to better yields, under- 
the-row subsoiling can still increase yields, but less substantially. 
Random subsoiling without restricting subsequent traffic, however, is 
seldom beneficial. 
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ABSTRACT 

The indiscriminate operation of traffic over the field compacts the 
rootbed and adverse@ affects plant growth. Tillage cannot eliminate 
this compaction adequately ; a practical way to control compaction 
seems to be to control the traffic.Wide-wheel-spaced, automatic 
guided tractors are used in order to study the various aspects of 
traffic control i.c. increased root proliferation and yield, better 
traffic efficiency and reduced tillage. Experiences with respect to 
machinery executive techniques and impressions concerning soil and 
crop responses are described. 



Introduction 

The increased use of agr icu l tura l  machinery has increased s o i l  compaction. 
It was once %hought,.chat t i l l a g e  before planting a crop would eliminate 
s o i l  compaction adequately. However, i n  modern intensive crop production 
many machine operations axe used, regardless of s o i l  conditions; t h i s  may 
compact zhe seed- and rootbed enough t o  adversely affect  plant growth. 
Conventional crop production systems permit t h e  indiscriminate operation 
of t r a f f i c  over t h e  f i e l d ,  consequently covering almost the  t o t a l  area 
with wheel tracks once o r  more. 
Tie in tens i ty  of s o i l  compaction induced i n  and below the  t i l l e d  horizon 
i s  evident, t h e  norc so as s t resses  arch out i n  so i l .  

Presen'i row spacings, t i r e  widths and inaccuracies i n  s teer ing preclude 
an easy solut ion t o  t h e  compaction problem when using conventional machi- 
nery. R prac t ica l  way t o  control compaction seems t o  be t o  control t h e  
t r a f f i c  t h a t  operates on zhe f ie ld .  Dumas e t  al (1 )  described t h e  poten- 
t i a l s  of machinery provided with wide spaced wheels t o  prevent s o i l  
compaction near cotton-plant rows, i n  tine Southeastern U.S.A. Their pro- 
mising r e su l t s  enco~-aged us t o  study t r a f f i c  control under loca l  Dutch 
"polder" conditions. The method used t o  control t r a f f i c  on our experi- 
mentil f i e l d ( s )  w 8 s  t o  es tab l i sh  permanent t r a f f i c  lanes on which all 
wheel t r a f f i c  passes, with permanent rootbeds i n  between, f reed from 
undesired mechanical forces. Beforehand, the  following aspects have been 
&en i n t o  consideration: 
- roots w i l l  develop i n  loosened s o i l  fo r  many years, if the  area is 
not recompacted by wheel tr&*fic 
- a compacted (sub-) s o i l  condition may have been developed by t h e  
coovmtional use of f a r m  machinery; subsoiling should be considered be- 
fore s t a r t i n g  t h e  f i e l d  experiments 
- the  maintenance of loose s o i l  i n  the  rootbed eliminates t h e  need fo r  
costly,  time- and e n e r a  consun?ing t i l l a g e  operations 
- the  good t r a f f i c a b i l i t y  of t h e  permanent t r a f f i c  lanes permits time- 
l y  conduct of dl operations, almost i r respect ive of weather condi- 
~ i o n s .  Traffic efficiency is  improved, owing t o  lower ro l l i ng  res i s -  
tance e.g. (2, 3) 
- demage t o  the tops of the  plants  by machinery i s  avoided mainly, using 
a planting pa t te rn  with skipped rows 
- on the  p lo ts ,  optimm plajlt d is t r ibut ions and dens i t ies  can be selec- 
t e d  according t o  the  biological needs, not always well  defined so far - previous experiences learned t h a t  t r a f f i c  can hardly be located on 
t h e  sme spot during t h e  production cycles without using a vehicle 
guidance system t o  accurately control t h e  tracks along t h e  center of 
the  t r a f f i c  lenes 
- the  system re t a ins  permanent wheel pachs, hence t h e  f i e l d  cannot be 
ploughed unless spec ia l  adaptions axe introduced 
- it was not envkioned, t h a t  the  present system of machines would be 
an economical system but ra ther  a p rac t i ca l  system with which t o  con- 
duct the  experiment. 

The controlled t r a f f i c  s tudies  we carr ied out  i n  t h e  Netherlands by 
the  Agric.Engng.Institute, IMAG (machinery, s o i l  responses), i n  co- 
operation with tine Stat ion f o r  k a b l e  Fanning, PACV (cropreactions). 



IMAG Fieldlayout 

During two years of prac t ica l  experience, data have been collected; 
the  weal and woe of the  executive technique and some preliminary soi l -  
and crop responses a r e  reported i n  the  present a r t i c l e .  
Since conventional machinery d id  not have wheels spaced wide enough t o  
prevent compaction near the  rows, available machines were modified t o  
provide 3 m wheel spacings, see Fig. 1. 
The t o t a l  experimental f i e l d  (on medium textured s o i l )  is subdivided 
i n t o  4 equal s ized parcels (48 x 200 m2), used for  potatoes, wheat, 
sugarbeets and onions at  re la t ive ly  s m a l l  and a rb i t ra re ly  choosen in- 
terrar distances of resp. 0.63, 0.16, 0.42 and 0.32 m, on the  2.5 m 
undisturbed plots .  The remaining 0.5 m wide t r a f f i c  lanes (16.6 % 
acreage lo s s )  enable the application of wide low pressure tyres.  

Traction, automatic guidance 

An automatic vehicle guidance system according t o  Jahns, (see 4) w a s  
used t o  locate  t h i s  t r a f f i c  lanes. Therefore an underground insulated 
copper wire (0.75 mm2) was ins ta l led  i n  the  middle of each p lo t  a t  a 
depth of 0.5 m below s o i l  surface, with a special  subsoiler. 
Each 1 ha (crop)parcel has been equipped with 3.5 km cable, forming a 
closed c i r c u i t  (5) .  Through t h i s  cable an al ternat ing current is l ed  
with a strength of 200 m A and a frequency about 10 kc s, delivered 
by a bat tery with osc i l la tor ,  Fig. 2. 
According t o  the l a w  of Biot and Savart, a concentric magnetic f i e l d  
is created around the  wire. The posit ion of t h e  t r ac to r  with respect 
t o  the  cable is  determined (and corrected) by means of co i l s ,  symmetri- 
ca l ly  mounted i n  f ront  of t h e  t rac tor .  An al ternat ing voltage is  in- 
duced i n  the  coi ls ;  i n  case of s ide s h i f t  an (amplified) voltage dif-  
ference w i l l  appear. This can be used f o r  necessary s teer ing corrections. 
The modern t r a c t o r  (I.H.C. Hydro 826) i s  equipped with a 88 W electro- 
motor on the s teer ing wheel; t h e  old one (Nuffield 460) is  equipped 
with a hydraulic auxilary cylinder. The in s t a l l ed  automatic guidance 
system is used primarely as a s teer ing aid;  the  driver can monitor the  
working elements (of a hoeing machine e.g.1 be t t e r  than before but he 
cannot leave the  vehicle and has t o  do t h e  turning and l i f t i n g  a t  the 
end of t h e  f ie ld .  

Til lage 

The primary t i l l a g e  i s  carr ied out by a mounted t en  furrow, 2.5 m wide 
skim plough, a t  a depth of 0.15 - 0.2 m, see Fig. 3. 
Because the  t r a f f i c  lanes m u s t  remain unimpaired, the  first f u r r o w  
s l i c e  is cut  at the  r ight  s ide by a disc  coul ter  and i s  l i f t e d  on t h e  
path by t h e  (raised)  ploughbody. An additional slideboard then lands 
t h i s  s l i c e  i n t o  t h e  l a s t  furrow of the  preceding passage. 
In  order t o  check s o i l  compaction effects,  some p lo ts  are being traf- 
ficked a s ingle  pass i n  spring ( t r ac to r )  and i n  autumn ( t r ac to r  c 
t r a i l e r ) ,  followed by a 0.25 m deep chiselplough, t o  remove eventual 
physical bar r ie rs  jus t  below t h e  plough "sole". 
Some other plots  have been deep t i l l e d  with a rotary digger, at a depth 
of 0.8 m, i n  ac:umn 1978; r e su l t s  are not ye t  available. 



Wheat is  harvested with a s e l f  propelled wide-wheel-spaced combine har- 
vester,  with straw chopping device. 
Potatoes, onions and sugarbeets are  l i f t e d  with t r a i l e d  l i f t i n g  loaders, 
working the p lo ts  half i n  one passage, see Fig. 4. 

So i l  responses 

Physical s o i l  properties appear t o  respond very soon t o  t h e  different  
t i l l a g e  and t r a f f i c  treatments. Some representative data  a re  given i n  
Table I. 

Table I - Some representative data of composite s o i l  properties on 

moisture content (d.b. 1, 
a i r  volume 

cut t ing forceXX, mkg 

~ l o u a h  resistance,  H a  1 25-10-781 prim. I 35 1 42 I - 
X 
~ m a r y ,  secondary, a s o i l  horizon 

=rotating c i rcu lar  apparatus, 4 knives, 6.5 cm deep, 0 28.5 cn 
XXX 

ploughed/harvested, onions 

So i l  data, given i n  Table I, confirm t h e  many aspects concerning control- 
l e d  t r a f f i c ,  mentioned before. 
The t r a f f i c  lanes have a grea te r  s t a b i l i t y  than s o i l  conditions, normally 
encountered, a s  a consequence of a lower porosity, a lower moisture con- 
t e n t  and a very low a i r  volume. 
The resul t ing composite s o i l  properties,  i .c .  penetration resis tance and 
tors ional  cut t ing force are  on a high leve l  and i l l u s t r a t e  the  favourable 
bearing capacity and t r ac t ion  conditions. Gwing t o  t h i s ,  f i e l d  operations 
a re  permitted from ear ly  i n  spring till l a t e  i n  autumn. Lines of equal 
porosity and penetration resistance determined show the  v e r t i c a l  and la te-  
ral pressure d is t r ibu t ion  under tyres ,  consequently sevelely compacting 
the subsoil  under the t r a f f i c  lanes and par t s  of the  rootbed of t h e  un- 
t raff icked plots.  
Due t o  the  very low air volume under the  lanes,  water i n f i l t r a t i o n  and 
root penetration w i l l  be hampered. The untrafficked p lo ts  remain very loose, 
as  influenced only by natural  forces and super f ic ia l  hoeing and l i f t i n g  
actions. 
Although the  t raff icked (check-) p lo t s  have only been submitted t o  a 
s ingle  t r a c t o r  9 t r a i l e r  treatment once, an increase of ca. 20 $ i n  spec. 
ploughing resis tance can already be found! 
Secondary s o i l  t i l l a g e  on the  untrafficked p lo ts  can be reduced, i n  view 
of the  r e su l t s  with potatoes. The mount of available loose s o i l  ( i n  
1978) w a s  enough t o  be formed i n t o  ridges without intensive interrow cul- 



t ivations.  The ridges of the  s ide  rows and t raff icked p lo ts  remained 
s m a l l  and cloddy,resulting i n  y ie ld  quality losses i.c. more green 
and demaged tubers. 

Crop responses 

Because crop responses highly depend on variable weather conditions 
only some impressions of the  passed two years can be reported. On t h e  
experimental f i e l d  tine conventional t o t a l  length of rows/ha was fol- 
lowed. In  1978, plant  population density of sugarbeets and potatoes 
i n  the  s ide  rows w a s  increased, because the  roots and a e r i a l  par t s  
of these crops were able t o  u t i l i z e  apart  of the  d d i t i o n a l  air- and 
s o i l  volume, taken up by the  t r a f f i c  lanes. 
The development of the  potato plant is  favoured by a rootbed being 
i n  maximum loose conditions; t h i s  stimulates root prol i ferat ion,  
resu l t ing  i n  about 5 % higher gross y ie ld  and about 20 % more n e t t  
y ie ld  (note qual i ty  losses  ) compared t o  the  t raff icked plots .  
I n  1978 sugarbeets showed about 4 % higher (sugar) y ie ld  on the  
trafficked p lo t s  and seem t o  be stimulated a l i t t l e  by recompaction 
of the  t i l l e d  layer ,  i n i t i a t e d  by a s ingle  pass of t r a c t o r  tyres  i n  
spring. 

Pre1imina.y- conclusions, possible applications 

Wide-wheel-spaced t r ac to r s  a re  useful i n  controlled t r a f f i c  
research. An automatic guidance system i s  indispensable for  
precise following of the  t r a f f i c  lanes. The r e l i a b i l i t y  Of 

the  underground leader cable system should be enhanced, espe- 
c i a l l y  the  s t a b i l i t y  of tine electronics.  
The be&g capacity of the  t r a f f i c  lanes increases i n  f a m u  
of the  ty re  efficiency, resul t ing i n  e a r l i e r  planting etc.  
The untrafficked p lo ts  show a lower than conventional soi l -  
strength combined with lower tool- and root resistances. 
Reduction of t i l l a g e  a c t i v i t i e s  is feasible ,  saving t i m e  and 
energy. 
Root-proliferation of the  potato-crop is improved i n  loose 
s o i l ;  enerefore some f i e l a  have been rotary deep-tilled. 
Potatoes, w.wheat and onions yielded about 5 % more and sugar- 
beets  about 4 % l e s s  on untrafficked p lo ts  (1978)- 
Present farmers practiced already some of  the  aspects Of 

t r a f f i c  control. They t r y  t o  avoid t r a f f i c  pans under potato 
ridges by controll ing f i e l d  t r a f f i c  i n  spring from secondary 
t i l l a g e  through planting. 
Onions a re  planted with i r regular  interrow space, i n  behalf 
of t r a f f i c  lanes,  u t i l i zed  by up-to-date t r ac to r s  up and in- 
cluding harvest. The prac t ica l  i n t e re s t  i n  automatic guidance 
systems f o r  farm vehicles is s t i l l  i n  an i n i t i a l  st@&, 
farmers intend t o  i n s t a l l  a wide spaced undergmund cable, 
combined with co i l s  and a d i a l  on the  t rac tor .  This s teer ing 
a id  seems useful  fo r  spraying etc . ,  when marks a re  missing. 
The experimental controlled t r a f f i c  f i e lds  i n  the  Netherlands 
w i l l  be continued fo r  some more years. Increased yields ,  
higher t r a f f i c  efficiency and reduced t i l l a g e  w i l l  be the  key 
Words previous t o  the  development of en economical system of 
machines f o r  application of t r a f f i c  control i n  agr icu l tura l  
practice.  
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ABSTRACT 

Controlled wheel t r a f f i c ,  whereby t h e  wheel t r a f f i c  from all famine: 
operations i s  controlled t o  occur only i n  cer ta in  areas of t h e  f i e l d ,  
can be an effective way of reducing the  detrimental agronomic conse- 
quences of s o i l  compaction. Energy needed t o  till t h e  s o i l  can be 
s ign i f ican t ly  reduced by reducing t h e  amount of previously imposed 
wheel t r a f f i c ,  o r  by confining wheel t r a f f i c  t o  cer ta in  areas of t he  
f ie ld .  Drier corn crop a t  harvest time can be rea l ized  by controlled 
wheel t r a f f i c ,  thus  reducing t h e  energy needed t o  a r t i f i c i a l l y  d q i  
t h e  corn grain. 

The modern t rend i n  United S ta tes  Agriculture i s  towards l a rge r  farm 
uni t s  per operation. One of t he  contributing fac tors  has been 
increased s i z e  of t r ac to r s  and farm machinery, thus allowing fewer 
f a r m  operators t o  f a r m  more land. While t h i s  often allows f o r  more 
e f f i c i en t  use of t he  operator 's  t i m e ,  laxger, heavier equipment may 
a lso  have some detrimental agronomic consequences i n  t h e  f o m  Of S o i l  
compaction. On s o i l s  with low organic matter content i n  areas of 
high r a i n f a l l ,  excessive s o i l  compaction often occurs f o r  cer ta in  
types of cropping involving a la rge  number of f i e l d  operations -with 
heavy equipment. Reduced crop y i e lds  under such s i tua t ions  have l e d  
t o  t h e  "controlled t r a f f i c "  concept whereby a l l  wheel t r a f f i c  from 
f i e l d  equipment i s  r e s t r i c t e d  t o  cer ta in  narrow t r a f f i c  lanes while 
leaving the  remainder of t he  f i e l d  i n  r e l a t i ve ly  good condition fo r  
plant  growth. This approach t o  t h e  compaction problem is most c m o n  
i n  t he  southern United S ta tes  f o r  cotton production, and i n  t he  
southwestern United S ta tes  f o r  i r r i g a t e d  spec ia l ty  crops. 

In  t he  northern United S ta tes ,  &ere s o i l s  a r e  higher i n  o rgmic  
matter and a re  subjected t o  d r i e r  conditions and less intensi-re f i e l d  
operations, s o i l  compaction from wheel t r a f f i c  is not a cLeerrlv Be- 
f ined problem. There are  indications,  however, t h a t  s o i l  compaction 
from wheel t r a f f i c  may be a f ac to r  t h a t  can be managed t o  t h e  farmers 
benefit .  Several areas of concern have been ident i f ied  by Voorhees 
(1977). One area 'chat is becoming increasingly important is energy 
conservation. This paper discusses some consequences of whee l t r a f -  
fic-induced s o i l  compaction i n  terms of energy requirements awing 
t i l l a g e  operations, and energy required t o  a r t i f i c i a l l y  L?. t he  
harvested crop. 



Tillage Draft 

American farmers have several  a l ternat ives  with respect t o  how they 
manage t r a c t o r  wheel t r a f f i c  during a given crop season. By combin- 
ing several  f i e l d  operations i n t o  one, the  number of t r i p s  across a 
f i e l d  can be dras t ica l ly  reduced. By using dual r ea r  wheels, t h e  
t r a c t o r  weight can be dis t r ibuted over a wider area and thus a l t e r  
s o i l  compaction patterns.  - Larger t r ac to r s ,  with )+wheel drive,  
enable the  use of la rger  t i l l a g e  equipment while keeping wheel t r a f f i c  
confined t o  a smaller portion of the  f i e l d  surface area. However, 
s o i l  compaction caused by wheel t r a f f i c  during spring t i l l a g e  and 
planting operations pe r s i s t s  throughout the  growing season (~oorhees  
e t  al, 1978) and can be important during f a l l  t i l l a g e  with respect t o  
draft .  

Replicated experiments were conducted on a clay loam (Aquic Hapludoll) 
s o i l  i n  southwestern Minnesota t o  measure the  effect  of various 
degrees of s o i l  compaction on t i l l a g e  draf t  and r ea r  t r a c t o r  wheel 
slippage during f a l l  moldhoard plowing. Wheel t r a f f i c  was imposed 
with a 7,250 kg t r a c t o r  i n  t h e  spring on freshly t i l l e d  s o i l .  S o i l  
water content was about 35% by weight, and the  bulk density i n  t h e  
surface 30 cm of s o i l  averaged about 1.1 g ~ m - ~ .  The load applied 
t o  t h e  s o i l  by t h e  t r a c t o r  wheel was estimated t o  range from about 
150 k Pa (%22 psi) during t h e  i n i t a l  pass i n  t h e  loose s o i l ,  t o  about 
350 k Pa ( ~ 5 1  p s i )  during subsequent passes. 

The various compaction leve ls  consisted of 0, 1, 3 or 5 passes over 
the en t i r e  p lo t  area. The resu l t ing  bulk density and penetrometer 
res is tance values are shown i n  Table 1. Compared with no wheel 
t r a f f i c ,  jus t  one pass of t h e  t r a c t o r  wheel increased bulk density t o  
a depth of about 20 cm. Three passes caused fur ther  increases t o  a 
depth of 30 cm. 

Table i. Bulk density and penetrometer res is tance as affected 
by wheel t r a f f i c  compaction. 

B u l k  density Penetrometer res is tance 
Tractor wheel passes Tractor wheel passes 

Depth 0 1 3 5 0 1 3 5 
- - - - -  g/cm3 - - - - - - - - kg/c& - - - - - 

Penetrometer res is tance,  which may be more indicat ive of t i l l a g e  
d ra f t ,  was d ra s t i ca l ly  increased i n  t h e  surface 20 cm  able I ) ,  and 
somewhat l e s s  t o  a 30-cm depth. Five t r a c t o r  wheel passes produced 
l i t t l e  or no change i n  e i t h e r  bulk density o r  penetrometer res is tance 
compared t o  three passes. 

These s o i l  compaction treatments were kept bare throughout the  grow- 
ing season u n t i l  time of f a l l  t i l l a g e .  Ti l lage d ra f t  was then 
measured on a 5-bottom moldboard plow, each bottom being 45 cm wide. 
Depth of plowing w a s  about 25 cm. A force dynamometer (Johnson and 
Voorhees, 1979) l inked between the  t r a c t o r  and t h e  plow was used t o  



measure horizontal  draft.  Rear t r a c t o r  wheel s l i p  was measured with 
a magnetic pulse counter. 

Table 2 shows the  measured d ra f t  during fa l l  plowing as  affected by 
previously imposed wheel-induced s o i l  compaction. The l a rges t  re la-  
t i v e  increase i n  draf t ,  25%, resu l ted  from t b e  first pass of t he  
t r a c t o r  wheel. Additional amounts of wheel t r a f f i c  continued t o  
increase draft but  a t  a much lower r a t e .  S t a t i s t i c a l l y ,  any mount 
of wheel t r a f f i c  resul ted i n  s ign i f ican t ly  higher t i l l a g e  draft than 
no wheel t r a f f i c ,  but  t he  only difference within wheel tracked t r ea t -  
ments was t h a t  f i v e  passes resu l ted  i n  higher draft than one pass. 

Effective drawbar power requirements f o r  t he  above d ra f t  values were 
calculated based on a groundspeed of ?. 4 km/h (2.5 mph). With no 
previously imposed wheel t r a f f i c ,  a drawbar power requirement of 
35.6 k W (47.7 horsepower) w a s  needed t o  p u l l  a five-bottom plow 
(Table 2 ) .  This power requirement was increased by 25% when the  p lo t  
was uniformly compacted by one pass of t he  t r a c t o r  wheel. Additional. 
passes caused addi t ional ,  but  smaller, power requirements. Estimated 
energy required a t  drawbar increased s imilar ly .  

Diesel f u e l  requirements were calculated according t o  t he  procedure 
outl ined i n  footnote No. 4 of Table 2. With no previously imposed 
wheel t r a f f i c ,  25.64 l i t e r s  of d iese l  f u e l  were required t o  till a 
hectare of land. Fuel consumption was increased t o  30.54 L/ha when 
the  land was uniformly compacted by one pass of t he  t r a c t o r  wheel. 
This represents a 19% increase i n  f u e l  consumption p e r  u n i t  of land 
area,  even though the  d ra f t  had increased by 25% (31.8 k N t o  39.9 k 
N ) .  The reason f o r  this disproportionately low increase i n  f u e l  
consumption with increasing d ra f t  was due t o  decreased r e a r  wheel 
s l i p  i n  going from 0 t o  1 t r a c t o r  wheel passes (16.5 t o  13.9% s l i p ,  
Table 2).  This decreasedwheel s l i p  was l i k e l y  due t o  decreased 
ro l l i ng  res is tance on the  firmed s o i l ,  thus providing higher t r a c t i v e  
efficiency and more e f f i c i e n t  use of fue l .  Further increases i n  
wheel traffic-induced s o i l  compaction ( > 1  pass) caused addi t ional  
fue l  requirements more i n  l i n e  with the increased t i l l a g e  d ra f t .  

The data i n  Table 2 shms  t h a t  t he  first pass of a wheel over a loose 
s o i l  causes t he  grea tes t  r e l a t i v e  increase i n  subsequent t i l l a g e  
d ra f t  and energy requirements. Farmers should therefore  delay, if 
possible ,  imposing the  i n i t i a l  s e t  of wheel t r a f f i c  on the  f i e l d  when 
the  s o i l  i s  wet and most ea s i ly  compacted. Since addi t ional  wheel 
t r a f f i c  beyond the  i n i t i a l  pass has r e l a t i ve ly  l e s s  e f f ec t  on energy 
requirements than t h a t  caused by t h e  i n i t i a l  pass, t he  "controlled 
wheel t r a f f i c "  concept may reduce energy demands associated with 
t i l l a g e .  

Crop Drying 

The predominant method of harvesting corn ( Z W  MY6 L.) i n  t he  United 
S ta t e s  i s  t o  combine, o r  picker-shell,  t he  crop i n  t he  f i e l d  a t  a 
r e l a t i ve ly  high moisture content, r a the r  than waiting f o r  t he  crop t o  
dry on t h e  stalk and picking t h e  whole e m .  While t h i s  has t h e  
advantqe  of e a r l i e r  harvesting, l e s s  harvesting l o s s ,  and l e s s  
handling of t h e  crop, it a l so  necessi ta tes  a r t i f i c a l  dy- ing  of t h e  
harvested crop i f  it is t o  be s tored  f o r  any period of time. Current 
drying methods a r e  var ied but t he  most common method involves passage 
of heated a i r  through the grain.  Although so l a r  energy i s  being con- 
sidered as  a source of beat ,  t he  burning of f o s s i l  fuels  i s  s t i l l  She 



Table 2. Energy components of t i l l a g e  as  affected by wheel t r a f f i c  compaction. 

Number of Rear 
t r a c t o r  Horizontal t i l l a g e  wheel Energy required * Diesel fue l  
passes draf t?  s l i p  Drawbar power a t  drawbars requiredm 

IrN ( l b s )  % kl.1 (hp) kW-h/ha (hp-h/a) L/ha ( g a l l a )  

Measured horizontal  d ra f t  on a 5-bottom moldboard plow. 

* Calculated k\+ = ( d r a f t ,  kN)(speed, km/h)/3.6; based on speed of k 4 km/h (2.5 mph) 

Based on t i l l a g e  r a t e  of 0.736 ha/h (1.818 acres/h) ,  with plow 2.3 m wide (7.5 f t ) ,  operating a t  speed of 
?, 4 km/h (2.5 mph) a t  a f i e l d  efficiency of 80%. 

Calculated based on procedures outl ined i n  Agricultural  Machinery Management (American Society of 
Agricultural  Engineers, 1978-1979). Fuel consumption i n  L/kFl-h was calculated from the following equation; 
LlklJ-h = 2 . 6 4 ~  + 3.91 - 0 .2J738~  + 173, where X i s  the  r a t i o  of equivalent PTO power required by an operation 
t o  t he  maximum available from the PTO. The equivalent PTO power was calculated from drawbar power require- 
ments (Table 2) and estimates of t r ac t ive  efficiency based on s o i l  conditions and rear  wheel s l i p  data. 
Diesel fue l  requirements per un i t  of land area i s  then the product of energy required a t  drawbar and the  
above calculated f u e l  consumption. 



most common source of heat.  Thus, any factor  t h a t  a f fec ts  t h e  
maturity and moisture content of t h e  crop a t  harvest time can have 
important energy-related consequences. The controlled-wheel t r a f f i c  
concept was used as an experimental approach t o  determine e f fec ts  of 
s o i l  compaction on growth of row crops i n  the  northern Corn Belt. 
This approach basical ly  provided three  compaction treatments; (1)  
rows with equal mounts of wheel t r a f f i c  on both sides,  (2)  rows 
with wheel t r a f f i c  on one s ide only, and (3) rows with no wheel 
t r a f f i c  on e i t h e r  side. In  a l l  treatments, there  was never any wheel 
t r a f f i c  d i rec t ly  over the  row. A phosphorus f e r t i l i t y  var iable  
consisting of e i t h e r  no added phosphorus f e r t i l i z e r  o r  57 kg of P/ha 
( 51 lbs/acre) was superimposed on t h e  compaction treatments. 
Experimental de t a i l s  a re  fur ther  described by Voorhees e t  a l .  (1978). 

The water content of the  corn at harvest time and t h e  corn y ie lds  a re  
sham i n  Table 3. A t  both leve ls  of phosphorus f e r t i l i t y ,  corn i n  
rows w i t h  wheel t r a f f i c  on both s ides  was d r i e r  a t  harvest time, 
especial ly  a t  the  low phosphorus level .  Thus s o i l  compaction, as  
imposed i n  these experiments, hastened crop maturity and resu l ted  i n  
d r i e r  grain a t  harvest time. The mount of energy needed t o  dry t h e  

Table 3. Water content, y ie ld ,  and drying energg of corn as  affected 
by wheel-traffic compaction and phosphorus f e r t i l i t y .  

No added phosphorus 57 k d h a  phosphorus 
No wheel Traff ic  both No wheel Traffic both 
t r a f f i c  s ides  of row t r a f f i c  s ides  of row 

Water content at 36.5 32.6 31.0 29.6 
harvest ,  %' 

Corn grain y i e l d  3903 (73.3) 4350 (81.7) 5590 (105.0) 5585 (104.9) 
kg/ha (bu/a)+ 

Total  drying 2.38 (48.6) 1.94 (39.6) 1.76 (35.9) 1.60 (32.7) 
e n e r a ,  M5 /kg 
(k  B t u h u )  5 

Total  drying 9.29 (3.56) 8.44 (3.24) 9.84 (3.77) 8.94 (3.43) 
energy per 
un i t  of land, 
Gj/ha (M ~ t u / a )  

' Averaged over 1973-1978, with an average annual coeff ic ient  of 
var ia t ion of 6.6%. 

* Averaged over 1973-1978, with an a-rerage annual. coeff ic ient  of vari- 
a t ion  of 7.2%. To convert f r o m  kg of dry matter/ha t o  bushels a t  
15.5% H20/a multiply by 0.018775 bu/a per  kg/ha. 

5 Heat energy t o  burner of high temperature dryer + energy equivalent 
t o  generate e l e c t r i c i t y  t o  operate fan on high-temperature drger. 
Based on heating 10°C ambient a i r  a t  75% re l a t ive  humidity t o  9F°C, 
and moving t h e  heated air through t h e  grain at the  r a t e  of 60 m3 
per minute per  m3 of gra in  u n t i l  the  corn is dried t o  moisture 
content of 15.5% (Morey e t  al., 1976). 



corn t o  a moisture content of 15.5% was calculated per  un i t  of grain  
dry matter and is shown i n  Table 3. A t  low s o i l  phosphorus leve ls  
("no added phosphorus"), wheel t r a f f i c  resul ted i n  an energy savings 
of about 18% per kg of dry matter (1.94 Mj/kg compared with 2.38 M j /  
kg) because the  grain  w a s  4% d r i e r  a t  harvest time. A t  high phos- 
phorus f e r t i l i t y ,  wheel t r a f f i c  on both s ides  of t h e  row resu l ted  i n  
about a 9% savings i n  drying energy per un i t  of grain.  When express- 
ed as per un i t  of land, t h e  crop drying energy savings due t o  compac- 
t i o n  was about 9% fo r  both leve ls  of phosphorus f e r t i l i t y .  Energy 
savings as a r e s u l t  of a d r i e r  crop tended t o  be o f f se t  by a higher 
t o t a l  y i e ld  per  un i t  of land 

The monetary return from reduced drying energy needed f o r  a more 
mature crop with moderate compaction is d i f f i c u l t  t o  assess because 
of t he  economically unstable f o s s i l  f u e l  s i tua t ion .  But based on 
1978 pr ices  of propane, t h e  data  i n  Table 3 suggests drying energy 
savings as a r e s u l t  of compaction with a monetary value ranging from 
$9.04/ha ($3.66/acre) a t  high phosphorus f e r t i l i t y  t o  $10.28/ha 
($4.16/acre) at low phosphorus . 
SUMMARY 

Under row crop cul ture  i n  t he  Corn Bel t ,  it is possible with proper 
select ion of machinery s i z e  and wheel spacing, t o  prac t ice  complete 
wheel t r a f f i c  control  with present f i e l d  equipment. While t h i s  
represents a departure from common prac t ices ,  it may not involve m y  
addi t ional  d i r ec t  costs.  From the  standpoint of energy conservation, 
t h i s  may r e su l t  i n  s ign i f ican t ly  decreased t i l l a g e  costs and decreas- 
ed crop drying costs.  
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ABSTRACT S o i l  compac t ion  i s  a common problem i n  cotton p r o d u c t i o n  
i n  the U n i t e d  S t a t e s .  Research  a t  s e v e r a l  l o c a t i o n s  a c r o s s  the U .  S .  
C o t t o n  B e l t  h a s  shown t h a t  t i l l a g e  t h a t  p e n e t r a t e s  compacted l a y e r s  
o f  soil a l l e v i a t e s  the problem u n t i l  the soil i s  recompacted.  Re- 
s e a r c h  h a s  a l s o  shown trat recompac t ion  can  be min imized  b y  control- 
l i n g  t rac tor -whee l  t r a f f i c  i n  s p e c i f i c  pathways ,  t h e r e b y  r e d u c i n g  
the f r e q u e n c y  o f  d e e p  t i l l a g e  and s a v i n g  e n e r g y .  

Requ i remen t s  for f o s s i l - f u e l  e n e r g y  f o r  c r o p  p r o d u c t i o n  h a v e  become 
a major  concern o f  American farmers .  S i n c e  t h e ' o i l  embargo o f  1973 ,  
the cost o f  p r o d u c t s  r e q u i r i n g  fossil f u e l  h a s  i n c r e a s e d  s h a r p l y .  
A l t h o u g h  the e n e r g y  used  i n  a g r i c u l t u r a l  p r o d u c t i o n  r e p r e s e n t s  o n l y  
a b o u t  3 p e r c e n t  o f  the e n e r g y  consumed i n  the U n i t e d  S t a t e s ,  the in-  
c r e a s i n g  e n e r g y  c o s t s  a f f e c t  farmers'  costs f o r  m a c h i n e r y ,  f u e l ,  
f e r t i l i z e r s ,  i n s e c t i c i d e s ,  and h e r b i c i d e s  s i g n i f i c a n t l y .  T h e s e  cost 
i n c r e a s e s  l e d  r e s e a r c h e r s  t o  i n v e s t i g a t e  ways o f  r e d u c i n g  e n e r g y  u s e  
f o r  c r o p  p r o d u c t i o n .  

In h igh-energy- inpu t  c r o p s  s u c h  a s  cotton, l a n d  p r e p a r a t i o n  r e q u i r e s  
more e n e r g y  t h a n  other p r o d u c t i o n  o p e r a t i o n s ,  and excess t i l l a g e  
o f t e n  r e d u c e s  the energy-ou tpu t  e f f i c i e n c y .  Therefore, me thods  o f  
m i n i m i z i n g  t i l l a g e  w i t h o u t  r e d u c i n g  c r o p  y i e l d s  a r e  needed for 
e n e r g y  c o n s e r v a t i o n .  

Ten  y e a r s  a g o  American farmers  had enough power a v a i l a b l e  f o r  either 
d e e p  o r  s h a l l o w  t i l l a g e ,  depend ing  upon the n e e d s  o f  their p a r t i c u l a r  
soil.  A t  t h a t  t i m e  v e r y  f ew  t r a c t o r s  were  above  the 7 5  kw c l a s s .  
Now t r a c t o r s  on l a r g e  farms r a n g e  from 7 5  t o  185  kw. A l t h o u g h  t h e y  
speed o p e r a t i o n s  and r e d u c e  l a b o r ,  these l a r g e  t r a c t o r s  c o n t r i b u t e  
t o  soil compac t ion  that o f t e n  restricts w a t e r  and rgot p e n e t r a t i o n  
and r e d u c e s  p r o d u c t i o n  e f f i c i e n c y .  S u b s o i l i n g  and c h i s e l i n g  a l l e v -  
i a t e  compac t ion  problems i n  many a r e a s  o f  the U .  S .  C o t t o n  B e l t  and 
h a v e  r e p l a c e d  some o f  the o p e r a t i o n s  f o r m e r l y  per formed ,  s u c h  a s  
moldboard plowing and k r r o w i n g ,  wh ich  l e d  t o  i n c r e a s e d  compac t ion .  
Deep t i l l a g e ,  however ,  h a s  o f t e n  r e q u i r e d  a s  much e n e r g y  a s  the 
p r a c t i c e s  it r e p l a c e d .  

B e f o r e  1950 ,  m o s t  ' V e e p  plowing" for seedbed p r e p a r a t i o n ,  e x c e p t  for 
s p e c i a l i z e d  a p p l i c a t i o n s ,  was o n l y  15-30 cm deep .  S i n c e  t h a t  t ine,  
w i t h  the a v a i l a b i l i t y  o f  l a r g e  t r a c t o r s ,  t i l l a g e  d e p t h  i n  s u b s o i l i n g  
tes ts  h a s  ranged from 38-90 cm. 

Gr i s som e t  a l .  (1956)  found that s u b s o i l i n g  a f ine sandy  loam s o i l  
c o n t a i n i n g  a compacted l a y e r  o f  soil (hard pan) i n c r e a s e d  y i e l d s  
o f  c o t t o n  a s  much a s  100 p e r c e n t  i n  the M i s s i s s i p p i  D e l t a  i n  a 



.?-year tes t .  R e s i d u a l  e f f e c t s  o f  3 y e a r s  o f  s u b s o i l i n g  c a r r i e d  over 
i n t o  the f o u r t h  year .  N o  y i e l d  r e s p o n s e  r e s u l t e d  from s u b s o i l i n g  a 
n e a v y  c l a y  soil.  Edwards and C o a t s  (1971)  found that  y i e l d  was not 
reduced when t h e y  p l a n t e d  cotton i n  a h e a v y  c l a y  soil on the p r e v i o u s  
y e a r ' s  bed and prov ided  no pr imary  t i l l a g e  f o r  3 years .  

The  American S o c i e t y  o f  A g r i c u l t u r a l  E n g i n e e r s ,  i n  a symposium i n  
1960 (Bekker  e t  d l . ,  1 9 6 1 ) ,  r e c o g n i z e d  soil compact ion t o  be a prob- 
l e m  i n  c r o p  produc t ion .  T r o u s e  (1978,  1979)  a d e q u a t e l y  d e s c r i b e d  the 
r e l a t i o n s h i p  of soil compact ion and root growth i n  these proceed ings .  

Cooper e t  a l .  (1969)  showed t h a t  cotton p l a n t  root p r o l i f e r a t i o n  i s  
s e r i o u s l y  r e s t r i c t e d  i n  so i l  compacted b y  t r a c t o r - w h e e l  t r a f f i c  dur-  
i n g  normal o p e r a t i o n s  i n  a growing season .  They found t h a t  t r a f f i c  
compresses  a s  much a s  7 0  p e r c e n t  o f  the soil s u r f a c e  and t h a t  the 
compress ion  r e s u l t s  i n  i n c r e a s e s  i n  bulk d e n s i t y  and d e c r e a s e s  i n  
c r o p  y i e l d .  A l s o ,  t h e y  showed t h a t  85 p e r c e n t  or more o f  the t o t a l  
soil compact ion can be caused b y  the f i r s t  p a s s  o f  a t r a c t o r  under  
c e r t a i n  m o i s t u r e  c o n d i t i o n s .  

Bendr ick  and Dumas (1969)  found t h a t  d i s k  harrowing  caused recompac- 
t ion  o f  deep- turned soil d u r i n g  the f i r s t  s e a s o n  a f t e r  t u r n i n g  and 
t h a t  the so i l  a t  a d e p t h  o f  20-25 y reached a p e n e t r o m e t e r  r e a d i n g  
s t r e n g t h  o f  more t h a n  28 k g  p e r  cm a f t e r  3 y e a r s  o f  d i s k  harrowing  
a l o n e .  They  p o i n t e d  o u t  t h a t  the co~wmon p r a c t i c e  o f  p u l l i n g  a mold- 
board plow w i t h  one r e a r  wheel  o f  the t r a c t o r  i n  the f u r r o w  o f t e n  
d e v e l o p s  a hard p low pan. 

Problems o f  so i l  compact ion and e n e r g y  costs h a v e  been r e s e a r c h e d  
e x t e n s i v e l y .  A f t e r  e a r l y  work a t  Auburn,  Alabama, C a r t e r  et  a l .  
(1965 ,  1968 ,  and 1971)  e x p e r i m e n t e d  w i t h  s u b s o i l i n g  t o  e l i m i n a t e  a 
compacted zone  under  the plow d e p t h  i n  f i n e  sandy l o a m  so i l  i n  
C a l i f o r n i a .  A f r e r  o b s e r v i n g  t h a t  roots responded  better t o  s u b s o i l -  
i n g  when p l a n t s  were  d i r e c t l y  over the s u b s o i l  s lo t ,  t h e y  d e v e l o p e d  
equ ipment  which would p l a c e  the s u b s o i l  slot d i r e c t l y  under  the row 
of  p l a n t s .  They  c a l l e d  the procedure  i n v o l v e d  " p r e c i s i o n  t i l l a g e . "  
T r o u s e  (these p r o c e e d i n g s )  c a l l s  the procedure  "under- the-row 
s u b s o i l i n g . "  B a s i c a l l y ,  the equ ipment  i s  a s u b s o i l  shank on row 
centers t h a t  h a s  a l i s ter  b o t t o m  be tween  e a c h  s u b s o i l  shank  on the 
tool b a r .  The lister b o t t o m  t h r o w s  u p  a bed  ( r i d g e )  o v e r  the slot 
formed b y  the s u b s o i l  shank, and the row o f  p l a n t s  i s  s u b s e q u e n t l y  
p l a n t e d  i n  the center o f  this bed.  The  u s e  o f  p r e c i s i o n  t i l l a g e  h a s  
p r o l i f e r a t e d  t h r o u g h o u t  the C o t t o n  ae l t ,  and many commercial  tools 
t h a t  w i l l  a c c o m p l i s h  this o p e r a t i o n  a r e  now a v a i l a b l e .  C a r t e r  (1978)  
s u b s e q u e n t l y  d e v e l o p e d  a u t o m a t i c  gu idance  equipment  t o  c o n t r o l  the 
t r a c t o r - w h e e l  t r a f f i c  i n  the same p o s i t i o n  f rom y e a r  t o  year .  

Cannon and S t a p l e t o n  (1977)  sunmurized 8 y e a r s  o f  t e s t i n g  i n  A r i z o n a  
t h a t  i n c l u d e d  s e v e r a l  c o m b i n a t i o n s  o f  l i s t - o n l y  and chisel-list 
( p r e c i s i o n  t i l l a g e )  t r e a t m e n t s  compared w i t h  a c o n v e n t i o n a l  (mold- 

board plowed) t r e a t m e n t ,  on predominan t l y  c l a y  loam soils. They  
g e n e r a l l y  conc luded  t h a t  v e r t i c a l  t i l l a g e  i s  a t  l e a s t  a s  e f f e c t i v e  
a s  extensive s u r f a c e  soil m a n i p u l a t i o n  and t h a t  f u e l  consumpt ion  w i t h  
chisel-list t i l l a g e  was a l m o s t  80 p e r c e n t  less than w i t h  c o n v e n t i o n a l  
p lowing .  

R e c e n t  work i n  Alabama (Dumas and S m i t h  1975)  i n c l u d e d  s e v e r a l  t r e a t -  
m e n t s  o f  d e e p  and s h a l l o w  t i l l a g e  w i t h  c o n t r o l l e d  t r a f f i c  ( t r a c t o r  
w h e e l s  spread  t o  3 m on center), t r i c y c l e  t r a c t o r  t r a f f i c  w i t h  r e a r  
w h e e l s  on 2 m centers, and t r a c t o r  p l u s  s p r a y e r  t r a f f i c  on e v e r y  



interrow. Y i e l d s  i n d i c a t e d  t h a t ,  i f  t r a f f i c  i s  c o n t r o l l e d  t o  r e d u c e  
compact ion in  the r o o t  zone, d e e p  t i l l a g e  may not be n e c e s s a r y  e a c h  
y e a r  on fine sandy loam soil when p r e p a r i n g  a root bed  f o r  cotton. 

Wilkes' (1975)  s t u d i e s  from 1969 t o  1974 i n  c l a y  loam soil showed 
t h a t  the e n e r g y  r e q u i r e d  p e r  u n i t  o f  y i e l d  was less when he r e s b p e d  
o l d  b e d s  or c h i s e l e d  and reshaped  the o l d  b e d s ,  t h a n  when he f l a t  
broke and bedded o r  bedded and rebedded.  

M u l l i n s  e t  a l .  (1977)  conducted  tes ts  from 1 9 7 3  t o  1975 on s e v e r a l  
levels of t r a f f i c  control b y  u s i n g  2-, 4-, and 6-row w i d e  i m p l e m e n t s  
o n  a four-wheel  t r a c t o r  and c o n f i n i n g  t r a f f i c  on the c o n t r o l l e d -  
t r a f f i c  p l o t s  t o  the same p a t h s  e a c h  year .  Reducing compac t ion  b y  
u s i n g  s i x - row commercial  equ ipmen t  d i d  not i n c r e a s e  y i e l d s  i n  the 
three s i l t  loam soils s t u d i e d .  

On a s i l t y  c l a y  loam soil i n  Oklahoma, B a t c h e l d e r  and McLaughlin 
(1977)  found t h a t  c o n t r o l l e d  t r a f f i c  lowered  s o i l  s t r e n g t h  i n  the 
c r o p  r o o t  a r e a  e a r l y  i n  the s e a s o n ,  b u t  i t s  s t r e n g t h  appeared t o  be 
normal a f t e r  h a r v e s t  i n  the f a l l .  

Fulgham et  a l .  (1973)  e x p e r i m e n t e d  for 10 y e a r s  i n  M i s s i s s i p p i  w i t h  
s e v e r a l  wide-bed c o n c e p t s ,  i n c l u d i n g  d e e p  and permanent fur rows  f o r  
wheel t r a c k s  and a w i d e  e l e v a t e d  bed  for the root zone. They  con- 
c l u d e d  t h a t  u s e  o f  the wide-bed s y s t e m  c o u l d  s a v e  a b o u t  20-25 p e r c e n t  
o f  the p r o d u c t i o n  c o s t s  w i t h  the c o n v e n t i o n a l  s y s t e m  b e c a u s e  the 
a v e r a g e  d i s t a n c e  b e t w e e n  rows  would be g r e a t e r  w i t h  the wide-bed 
s y s t e m  and e a c h  h e c t a r e  would h a v e  f ewer  c r o p  rows  t o  be t i l l e d  and 
c u l t i v a t e d .  T h i s  work was c o n t i n u e d  b y  W i l l i f o r d  and o t h e r s  (1974,  
1978)  t o  t h o r o u g h l y  e v a l u a t e  a combined c o n t r o l l e d - t r a f f i c  and zone- 
t i l l a g e  p r o d u c t i o n  s y s t e m  a t  S t o n e v i l l e ,  M i s s i s s i p p i ,  b e g i n n i n g  i n  
1972.  In this  s y s t e m ,  a l l  wheel  t r a f f i c  i s  r e s t r i c t e d  t o  t r a f f i c  
zones spaced a t  2.5 m a c r o s s  the f i e l d .  Between e a c h  o f  the t r a f f i c  
z o n e s ,  c r o p s  a r e  p l a n t e d  i n  t w o  rows  spaced 1 m a p a r t .  Pr imary  
t i l l a g e  i s  r e s t r i c t e d  t o  the p r o d u c t i o n  zone which  c o n s t i t u t e s  a b o u t  
1 .5  m of the 2.5 m a r e a  b e t w e e n  w h e e l s .  T r a f f i c  z o n e s  receive no 
pr imary  d e e p  t i l l a g e  and a r e  t h u s  a l l o w e d  to  compact year  a f t e r  y e a r ,  
and pr imary  t i l l a g e  i n  v a r y i n g  d e g r e e s  h a s  been u s e d  i n  the root zone 
for e v a l u a t i o n .  During 5 y e a r s  o f  r e s e a r c h ,  y i e l d s  p e r  l a n d  a r e a  
from the wide-bed p l o t s  h a v e  been comparable  t o  those from conven- 
t i o n a l  p l o t s  on s a n d y  l o a m  soil.  

A t  M i s s i s s i p p i  S t a t e  i n  1972 (Co lwick  et  a1 .  , 1976)  , we began  com- 
p a r i n g  2-m-wide b e d s  w i t h  s t a n d a r d  1-m b e d s  for some cotton h a r v e s t -  
i n g  r e s e a r c h .  W e  o b s e r v e d  s e v e r a l  a d v a n t a g e s ,  s u c h  a s  better d r a i n -  
a g e ,  e a s i e r  t r a f f i c  c o n t r o l ,  e a r l i e r  p l a n t i n g ,  e a s i e r  weed c o n t r o l ,  
and better s t r i p p e r - t y p e  cotton h a r v e s t i n g  w i t h  the w i d e  b e d s .  
Cotton y i e l d s  were  better on the w i d e  b e d s  3 y e a r s  o u t  o f  4 .  Based 
on these o b s e r v a t i o n s  we super imposed a t i l l a g e  s t u d y  on these bed  
t y p e s  in  1974 on a s i l t y  c l a y  loam soil ( L e e p e r ) .  The o b j e c t i v e  o f  
o u r  s t u d i e s  was t o  compare s u b s o i l i n g  w i t h  s t a n d a r d  s h a l l o w  c h i s e l i n g  
and d i s k  harrowing  and t o  d e t e r m i n e  how l o n g  the r e s i d d a l  e f fec ts  
from s u b s o i l i n g  would remain  i n  the root zone o f  the w i d e  bed  i f  
t r a f f i c  were  c o n t r o l l e d  t o  a v o i d  recompac t ion .  T r e a t m e n t s  a r e  shown 
i n  T a b l e  1. 

The  1-m-wide b e d s  bad one c r o p  r o w  p e r  b e d  and r e c e i v e d  random 
(normal )  t r a f f i c  d u r i n g  seedbed  p r e p a r a t i o n .  The  2-m-wide b e d s  
c o n t a i n e d  t w o  c r o p  r o w s ,  spaced  1 m a p a r t ,  and t r a f f i c  was c o n f i n e d  
t o  the same 2-m-spaced wheel  p a t t e r n s  a s  the p r e v i o u s  y e a r .  Conven- 



t i o n a l  t i l l a g e  on the 1-m-bed p l o t s  c o n s i s t e d  o f  s h a l l o w  c h i s e l i n g  
and tandem d i s k i n g  t o  a d e p t h  of  7-15 cm and d i s k  s h a p i n g  the rows i n  
t h e  1-m b e d s .  Conven t iona l  t i l l a g e  on the w i d e  b e d s  c o n s i s t e d  o f  
r u n n i n g  d i s k  furrowers  down the t r a f f i c  p a t h s  and then u s i n g  a two- 
row d i s k  harrow t o  r e s h a p e  the b e d s .  Deep t i l l a g e  p l o t s  were  sub- 
s o i l e d  t o  a d e p t h  o f  46-56 cm on 1-m centers under  the row i n  the 
f a l l  or e a r l y  s p r i n g .  

T h e  d a t a  i n  T a b l e  1 show t h a t  y i e l d  d i f f e r e n c e s  were  s i g n i f i c a n t l y  
i n  f a v o r  o f  the normal t r a f f i c  p l o t s  i n  1 o f  the 3 y e a r s ,  b u t  y i e l d s  
were s l i g h t l y  h i g h e r  i n  the 1-m-bed p l o t s  e a c h  year .  

Read ings  o f  t y p i c a l  soil s t r e n g t h  measurements made b y  p e n e t r o m e t e r  
(cone i n d e x )  a r e  p l o t t e d  i n  F i g u r e s  1 and 2. ~ l t h o u g h  the t i l l a g e  
t r e a t n e n t s  a p p a r e n t l y  h a v e  had l i t t l e  e f f e c t  on y i e l d s ,  the cone in- 
d e x  measurements  show t h a t  s u b s o i l i n g  o f  a l l  p l o t s  b e f o r e  the tests 
were  begun 3 y e a r s  ago i s  s t i l l  e v i d e n t  where the t r a f f i c  h a s  been 
c o n t r o l l e d  from year  t o  year  ( F i g u r e  2 ) .  

R e s u l t s  t o  d a t e  c o n f i r m  p r e v i o u s  r e p o r t s  t h a t  s u b s o i l i n g  i s  o f  ques-  
t i o n a b l e  v a l u e  f o r  i n c r e a s i n g  y i e l d  i n  s i l t y  c l a y  loam so i l .  How- 
ever, c o n t r o l l e d  t r a f f i c  (minimum t r a c t o r  wheel  s p a c i n g  o f  2 m) main- 
t a i n s  the reduced  soil s t r e n g t h  t h a t  r e s u l t s  from d e e p  t i l l a g e ,  and 
s u c h  r e d u c t i o n  i s  u s u a l l y  d e s i r a b l e .  

T a b l e  1. C o t t o n  l i n t  y i e l d s  from r e s i d u a l - t i l l a g e ,  c o n t r o l l e d -  
t r a f f i c  t es t ,  M i s s i s s i p p i  S t a t e ,  MS--1976, 1977 ,  1978.  11 

Trea tmen t  
Bed T y p e  o f  T y p e  o f  T o t a l  y i e l d  

w i d t h  t i l l a g e  t r a f f i c  1976 1977 1978 

m - kg/ha 
1 C o n v e n t i o n a l  Normal 130  a 104 a 128  a 
1 Deep Normal 130  a 108  a ' 128  a 
2 C o n v e n t i o n a l  C o n t r o l l e d  125  a 82  b 1 2 3  a 
2 Deep C o n t r o l l e d  132 a 88 b 125  a 

1/ V a l u e s  f o l l o w e d  b y  the same le t ter  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  
a t  the 5 p e r c e n t  level, a c c o r d i n g  t o  Duncan's  M u l t i p l e  Range T e s t .  
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BSTRACT 
iLieasurements of rut depth and bulk density were made following 

the passage of different wheel systems over loose soil. The use of 
dual tyres showed a reduction in mid-track compaction and an 
increase of total compaction compared with single tyres carrying 
both mediwm and high loads. Experimental cage wheels mounted alone 
showed very marked reductions in mid-track compaction. Reductions 
in the load and inflation pressure for a conventional tyre resulted 
in a decrease of rut depth and bulk density of the 0-2Ocm depth 
layer. 
INTRODUCTION 

There is 'increasing realisation that the compaction and rutting 
odcurring under the wheels of agricultural vehicles exert a marked 
influence on subsequent crop growth and soil management requirement 
(~r'iksson et ale, 1974; Chancellor, 1976; -haven et al., 1976). 
The resulting zones of compacted soil may extend throughout the 
full depth of the c~dtivated layer and, in extreme cases, into the 
subsoil below (~anfors, 19741, 

There are two approaches to the solution of the compaction 
problem. Oce is to "pile-it-up" which can be achieved by controlled 
traffic systems, either temporary (tramlines) or permanent (beds). 
The advantage of this approach is that after the 2nd passage along 
the same wheel track very little further compaction takes place. 
The other approach is to P'spread-it-out" in which ground pressures 
are decreased to the point Chat no appreciable compaction occurs 
even though the wheel is passed over untracked soil. 

Waere the draught requirement is law and the payload require- 
ment less than say 1 t (for ins.kance in low oolume spraying) ground 
pressures can be kept as low as 5-10 @a through the use of low 
weight vehicle construction and. multiple wheel or light weight track 
systems, in this way ratting and compaction c'an be virtually 
eliminated, even on wet soils (Cussans and Ayres, 1978). However 
for other operations, such as harvesting, limespreading and certain 
cultivation operations vehicles weighing around 5; to 10 t are likely 
to be retained, Such vehicles are frequently fitted with tyres 
requiring inflation pressures in the order of 150-250 kPa which have 
been observed to cause considerable compaction when -ing on loose 
soil. 

It is clearly important to know what benefits can be expected 
from the use of alternatives to the standard tyres generally fitted 
to agricultural vehicles today. The subject is becoming increasingly 
relevant in view of the adoption of reduced or zero-tillage systems 
for which rutting and compaction are likely to be evenamore damag- 
ing than where plocghing is traditionally used to remedy the effects 
of wheel kraffic prior to the establishment of the following crop. 
Ex?-& DETAlLS 
Wheel Treatments: Tihe wheel treatments used  able 1) were grouped 
in three series according to magnitude of the load carried. IQ 
*Now at AR& '~etchmbe Laboratory, Wantage, Oxford, England. 



se r i e s  A, t e s t s  were concerned with wheels carrying about 2 t which 
is  typ ica l  of many harvesting and bulk handling vehicles. The 
option considered was the use of wide section duals, For vehicles 
having a t o t a l  weight of aboud 8 t or  more the load is  l i k e l y  t o  be 
car r ied  by equal sized tyres  on f ron t  and rear  axles and two passes 
of such wheels were used i n  these t e s t s .  Further d e t a i l s  of these 
t e s t s  are given by Blackwell and Mckson (19781, I n  s e r i e s  B the 
wheel loads were medium (between l , O  and 1 -2  t)  which i s  typ ica l  
of medium siaecl trac.tors. The options included the use of conven- 
t i ona l  dual ty res  and cage wheels together with the very unconven- 
t i ona l  use of cage wheels mo'unted alone, They were f i t t e d  with f l a t  
lugs a t  90°, 60' and 39' t o  the tangent of the  cage wheel r i m .  
Further d e t a i l s  of the s e r i e s  I3 t e s t s  are  given by Dickson e t  a l .  
(1979). Ser ies  C t e s t s  were concerned with the benef i ts  t o  be 
gained dy varying $he load on a conventional t r ac t ion  ty re  between 
0,89 and 1,86 t, the in f l a t i on  pressure being reduced as  the  load 
was decreased, Further d e t a i l s  are given by Blackwell (1979). The 
t r ac to r s  were used a t  forward speeds of about 1-4 lim/h, without 
draught load. 
Measurement of r u t  and s o i l  character is t ics :  Pr ior  t o  the passage 
of each t e s t  wheel the  water content, cone res is tance,  dry bulk 
density and vane shear strength were measured. Cone res is tance w a s  

0 
obtained using a 12-9 m diameter 30 cone and dry bulk density with 
gamma-ray transmission equipment having a probe spacing of 22 cm 
(Soane, 1977). Follokzing the passage of each t e s t  wheel the maximum 
rut depth was measured with respect t o  the ori'ginal surface. Bulk 
density 'was  meisured i n  the centre-line of the  wheel t rack  including 
the centre-lines of both wheel t racks  f o r  paired wheels. 
I n i t i a l  s o i l  conditions: 811 t e s t s  were undertaken on s o i l s  i n  a 
loose condition as  a r e su l t  of previous cu l t iva t ion  t o  a depth of 
20 cm. This is re f lec ted  i n  the low mean bulk density values f o r  
the  9-20 cm depth which l ay  between 1.11 and 1.19 g/cm3 f o r  a l l  
s e r i e s  (Table 2). 
rnSrnTS 
Series  A - Bigh Load Tests: Both r u t  depth and compaction below 
the r u t  were reduced by using wide section d'dal t y r e s  i n  place of a 
s ingle  conventional Lyre (Kg ,  l The conventional t y re  had 53% 
lower contact ,  area  and 58% grea te r  r u t  depth than had the  duals. 
With the wide section dual tyres  the  dry bulk density approaches 
the i n i t i a l  value a t  about 36 cm depth whereas the  compaction 
resul t ing from the conventional ty re  appeared t o  extend t o  about 
45 cm depth, Compaction from wide section dual ty res  could there- a 

fore  be overcome more readi ly  by cu l t iva t ion  t o  corivbnt~onal depths. 
Nevertheless there  was s t i l l  very considerable compaction under the 
duals which i s  a t t r ibu tab le  t o  the  high load carr ied and the e f f ec t  
of the two passes. 

.A possible reason f o r  the f a i l u r e  of the duals t o  make a 
la rger  benefit  i n  reducing compaction is t h e i r  much smaller diameter 
than the s ingle  conventional Lyre, Dual wide section tyres  of equal 
diameter would be extremely expensive and not readily'accommodated 
i n  cer ta in  types of vehicles, 
Ser ies  B - ~edium Load Tests 
Cage wheels mo.mted alone: A reduction i n  r u t  depth and compaction 
was found below the mi&-line of the c a e  wheels. the e f fec t  being - " 
grea tes t  with the experimen2al cage wheels, especial ly  a t  high lug 
angles ( ~ i g ,  2). With a 90 Pug angle there  was v i r t u a l l y  no 
measurable compaction i n  the mid-line. The comerc ia l  cage wheel 
mounted alone had a grea te r  growd contact area  than the  experi- 
mental cage wheels ruad t h i s  seems t o  have resul ted i n  a leve l  of 



Details of wheel treabents 
I I 1 1 I I 

Test 
Series 

A. (2 passes) 
High Load 

Medium Load 

Wheel Details 
eel Inflation 

(ply rating) k a d  
pressure 

type kPa 

Conventional 
traction tyre 

Experimental* 
cage, mounted 
alone 

70' lugs 1 1.00 1 - 

* Designed and kindly loaned by Dr D Gee-Clough, National Institute 
of Agricultural Fhgineering, Silsoe. 

Table 2 
Soil conditions prior to the passage of wheels 

+ Higher values attributed to presence of young rye-grass. 

3 L 9  



rutting and bulk density which is not much less than that observed 
for the tyre alone, (Fig. 2). 
Cage wheel mounted conventionally: As noted previously (some et al., 
1976) the rut depths and compaction under the cage wheel mounted 
conventionally were appreciably less than that for the wheel to which 
it was attached (Fig. 3). It is suspected that this is due to the 
opportunity of soil to pass upwards through the angled bars of the 
cage, the slightly smaller diameter of the cage wheel than the tyre 
to which it was attached and possible flexing in the mounting of 
the cage wheel when under load. hre are examining the contribution 
of these effects to the observed behaviour of soil under cage wheels. 
Dual rubber tyres: Tests made under both the dual rubber tyres 
showed that the rut depth and compact+on below the outer tyre was 
less than for the inner tyre (EXg, 4) though the difference between 
them was very much less than that observed for the cage wheel and 
tyre ( ~ i ~ .  3). It is possible that some flexing in the dual 
mounting may have occurred which could reduce the load carried by 
the outer tyre. Tread wear appeared to be equal on the two tyres 
though the lug pattern was different. Greater benefit from the use 
of duals might have been obtained if the inflation pressure had 
been decreased. Tyre manufacturers will allow deflation when using 
duals, to a limit appropriate for 2 of the load which would have 
been carried by a single tyre. 
Series C - Variation in load on conventional tyre: Considerable 
and statistically significant reductions in rut depth and compact- 
ion were observed ( ~ i ~ .  5) as a result of reducing the load from 
1.86 to 0.89 t with associated reduction in inflation pressure Prom 
172 kPa. The differences between the highest and lowest load treat- 
ments were significant (P< 0.05) to a depth of 23 cm below the 
original surface. At the highest load the rut depth (5.5 cm) and 

I 3 maximum bulk density in the 0-20 cm depth 1.47 g/cm ) were 
iably less than the corresponding figures 15 cm, 1.67 g/cm 
found for the same wheel treatment in Series A tests (pig. 

in Series C tests (Table 2), 
This difference is attributed to the higher strength of the soil 

DISCUSSION 
The use of very wide section single tyres to carry high loads 

over weak soils without compaction is highly expensive and for 
agricultural vehicles it is usually necessary to consider cheaper 
alternatives. Reducing the vehicle weight is clearly an effective 
approach which should be pursued whenever possible but apart from 
special applications (e.g. low volume spraying) progress in this 
direction has been slow. A conventional traction tyre carrying 
0.89 t with an inflation pressure of 83 kPa was found to cause 
appreciable rutting and compaction on soil of low strength. 
Further reductions in load and inflation pressure would be required 
to show appreciable benefits for conventional tyres. 

The use of duals offers considerable benefits without excessive 
cost but appreciable rutting and compaction may still occur when 
high loads are carried. By greatly increasing the contact area 
there is likely to be a considerable increase in the total compact- 
ive response, as indicated by total rut cross sectional area 

I Dickson et al., 1979) the distributional summation of compaction 
Soane et al., 1976), or the total change in-air-filled porosity 
Elackwell and Dickson, 1978). The change in air-filled porosity 

3 per unit length of rut was estimated to be 900 cm /cm fo the wide 3 section dual wheels carrying 1.87 t compared with 450 cm /em for 
the single conventional tyre (series A). 
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Although considerable reduction in mid-track compaction appears 
to be possible by using cage wheels mounted alone there are clearly 
problems associated with their use on hard roads. The use of an 
auxiliary wheel system for road work might be justified for certain 
types of vehicle. 

Where vehicles are to be used on soils which have not been 
recently cultivated it is probable that the higher strengths of 
such soils will lead to appreciably less rutting and compaction 
(~idgeon and Soane, 1978). This effect was also illustrated by the 
difference in responses obtained in Series A and C tests in this 
work. Compaction studies should therefore take into account the 
verv wide ranee of both soil and wheel characteristics which are 
relevark to agricultural systems. 
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ABSTRACT The e f f e c t  on pe r fo rmance  of  p o s i t i o n i n g  
t i n e s  on m u l t i - t i n e d  imp lemen t s  a t  d i f f e r e n t  s p a c i n g s  and r e l a t i v e  
d e p t h s  i s  c o n s i d e r e d .  The p o s i t i o n  i s  found t o  have  a v e r y  s i g -  
n i f i c a n t  e f f e c t  on s p e c i f i c  r e s i s t a n c e  and q u a l i t y  of work i n  a  
l o o s e n i n g  o p e r a t i o n .  

INTRODUCTION 

P r e v i o u s  s t u d i e s  w i t h  m u l t i p l e  t i n e  imp lemen t s  R a t h j e  (1932) ,  
Z e l e n i n  (1950) ,  Willatt and  Willis (1965) ,  Chisholm e t  a 1  (1970) ,  
Fe rguson  ( 1 9 7 0 ) ,  h a v e  shown t h a t  t h e  p o s i t i o n i n g  of  t i n e s  on a  t o o l  
f r a m e  c a n  have  a  s i g n i f i c a n t  e f f e c t  on implement  per formance .  These  
w o r k e r s  c o n c e n t r a t e d  p a r t i c u l a r l y  on e i t h e r  d r a u g h t  o r  s o i l  d i s t u r -  
b a n c e  a s p e c t s  of t i n e  c o m b i n a t i o n s .  They p a i d  l e s s  a t t e n t i o n  t o  
s p e c i f i c  r e s i s t a n c e  ( d r a u g h t / d i s t u r b e d  a r e a )  and  s o i l  m e c h a n i c s  
a s p e c t s  of  s o i l  f a i l u r e .  F o r  e f f i c i e n t  t i l l a g e ,  t h e  p r ime  aim when 
a r r a n g i n g  t i n e s  on a  t o o l  f r a m e  s h o u l d  be  t o  maximise  t h e  t y p e  of 
d i s t u r b a n c e  r e q u i r e d  and  m i n i m i s e  t h e  d r a u g h t  i .e.  m i n i m i s e  t h e  
s p e c i f i c  r e s i s t a n c e .  

S o i l  d i s t u r b a n c e  o r  f a i l u r e  u n d e r  t h e  a c t i o n  of t i n e s  w i l l  
o c c u r  a l o n g  p l a n e s  where t h e  s h e a r i n g  r e s i s t a n c e  i s  a  minimum. 
These  f a i l u r e  p l a n e s  a r e  r e g u l a r  and  p r e d i c t a b l e  i n  homogenous f i n e  
s t r u c t u r e d  s o i l s ,  b u t  may v a r y  i n  d i r e c t i o n  i n  h e t e r o g e n o u s  s o i l s  
where l o c a l  v a r i a t i o n s  i n  s o i l  s h e a r i n g  r e s i s t a n c e  occu r .  When 
t i n e s  a r e  working  c l o s e  t o  one  a n o t h e r ,  t h e  s o i l  d i s t u r b a n c e  c r e a t e d  
by one  t i n e  w i l l  change  t h e  s h e a r i n g  r e s i s t a n c e  l o c a l l y  and  t h i s  
may a f f e c t  t h e  d i s t u r b a n c e  p roduced  by a  n e i g h b o u r i n g  t i n e .  There-  
f o r e  i n  m u l t i - t i n e  s y s t e m s ,  t h e  s o i l  f a i l u r e  p l a n e s  and  t h e  f o r c e s  
i n v o l v e d  may b e  v e r y  d i f f e r e n t  t o  t h o s e  d e v e l o p e d  by i n d i v i d u a l  
t i n e s  working  i n  t h e  same s o i l .  T h i s  p a p e r  c o n s i d e r s  t h e  i n f l u e n c e  
of t i n e  p o s i t i o n i n g  on t h e  s o i l  f a i l u r e  p a t t e r n  and t h e  s p e c i f i c  
r e s i s t a n c e .  

E x p e r i m e n t a t i o n  

T e s t s  were  c a r r i e d  o u t  u n d e r  two s o i l  c o n d i t i o n s :  
a )  s o i l  b i n  t e s t s  i n  a  f i n e  s t r u c t c r e d ,  compact  s andy  loam. 
b )  f i e l d  t e s t s  i n  a n  u n d i s t u r b e d  c l a y  h a v i n g  a  c o a r s e  b l o c k y  t o  
p r i s m a t i c  s t r u c t u r e  a t  dep th .  
The bounda ry  of t h e  d i s t u r b e d  s o i l  zone  was d e t e r m i n e d  by  e x c a v a t i n g  
a c r o s s - s e c t i o n  a f t e r  t h e  p a s s a g e  of t h e  t i n e s  and  was mapped u s i n g  
a  p r o f i l e  me te r .  F o r c e s  were  measu red  u s i n g  a  t e n s i o n  dynamometer 
o r  by mount ing  t h e  t i n e  o r  c o m b i n a t i o n  on a n  e x t e n d e d  o c t a g o n a l  
r i n g  t r a n s d u c e r .  

T i n e  g e o m e t r i e s  and  s o i l  c o n d i t i o n s  were  s e l e c t e d  s o  t h a t  t h e  
s o i l  f a i l e d  i n  a  b r i t t l e  h e a v i n g  manner o v e r  t h e  whole working  
dep th .  S p a c i n g  c o m p a r i s o n s  were  made f o r  t i n e s  working  a t  similar 
and  d i f f e r e n t  d e p t h s .  T i n e  p o s i t i o n s  were  chosen  on a b a s i s  of 
known s o i l  f a i l u r e  p a t t e r n s  w i t h  s i n g l e  t i n e s ,  t o  i n v e s t i g a t e  t h e  
i n f l u e n c e  of t h e  d i s t u r b e d  zone  c r e a t e d  by one  t i n e  on t h e  
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F i g .  2  R e l a t i o n s h i p  be tween t i n e  s p a c i n g  and d r a u g h t  f o r c e ,  d i s t u r b e d  
a r e a  and s p e c i f i c  r e s i s t a n c e  f o r  t h e  t i n e  s p a c i n g s  shown i n  Fig .  1 

( l s d  = l e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  95% l e v e l ) .  



per fo rmance  o f  i t s  ne ighbour .  
R e s u l t s  
a )  S p a c i n g  e f f e c t s  w i t h  t i n e s  working a t  t h e  same dep th .  
F i g u r e  1 shows a  c r o s s - s e c t i o n  of t h e  s o i l  a r e a  d i s t u r b e d  by two 
n a r r o w  t i n e s  p o s i t i o n e d  a t  d i f f e r e n t  s p a c i n g s  i n  s o i l  b i n  t e s t s ,  
Soomro (1977).  Superimposed i n  F ig .  1 i s  t h e  f a i l u r e  p a t t e r n  f o r  
i n d i v i d u a l  t i n e s ,  assuming no i n t e r a c t i o n  e f f e c t s  occu r .  Changes i n  
t h e  d i r e c t i o n  of  t h e  s o i l  f a i l u r e  b o u n d a r i e s  can  b e  r e a d i l y  s e e n ,  t h e  
a c t u a l  f a i l u r e  p l a n e s  moving t o w a r d s  t h e  zone  l o o s e n e d  by t h e  ne igh -  
b o u r i n g  t i n e .  The r e l a t i o n s h i p  be tween t h e  t i n e  s p a c i n g  and  d r a u g h t  
f o r c e ,  d i s t u r b e d  a r e a  and s p e c i f i c  r e s i s t a n c e  i s  shown i n  F ig .  2. The 
s p e c i f i c  r e s i s t a n c e  t e n d s  t o w a r d s  a  minimum a t  a  s p a c i n g  of approx-  
i m a t e l y  1.5 t i m e s  t h e  working d e p t h ,  b u t  t h e  change  i s  n o t  s i g n i f i -  
c a n t  w i t h i n  t h e  s p a c i n g  r a n g e  be tween 1 and 2 t i m e s  t h e  working  
d e p t h .  A t  c l o s e  s p a c i n g s  i n  t h e  c o a r s e  s t r u c t u r e d  c l a y  s o i l ,  t h e  two 
t i n e s  behaved a s  though t h e y  were  one  wide t i n e  p r o d u c i n g  s i g n i f i c a n t  
i n c r e a s e s i n  d r a u g h t .  T h i s  e f f e c t  can  b e  p r e v e n t e d  by s t a g g e r i n g  t h e  
t i n e s .  

0 
Comparison of t h e  d i s t u r b a n c e  p roduced  by sweep t y p e  t i n e s  of 90  

0 
and  45  a n g l e  of  a p p r o a c h ,  F ig .  3 ,  shows t h e  e f f e c t  of  d i f f e r e n t i a l  
s o i l  f a i l u r e  on t h e  f i n a l  f a i l u r e  boundary  s u r f a c e ,  P i l l a i n a y a g a m  
(1975).  S o i l  f a i l u r e  w i t h  t h e  90' sweep o c c u r s  s i m u l t a n e o u s l y  a c r o s s  
t h e  cornpleze working wid th  and t h e  s h a p e  o f  t h e  s i d e  f a i l u r e  bound- 
a r i e s  a r e  s i m i l a r  t o  t h o s e o f  a  n o n - i n t e r a c t i n g  na r row t i n e  i n  F i g  1. 
The s o i l  f a i l u r e  i s  more p r o g r e s s i v e  a c r o s s  t h e  working  wid th  w i t h  
t h e  45' sweep,  t h e  s o i l  i n  t h e  c e n t r e  f a i l i n g  f i r s t .  T h i s  i n i t i a l  

I DIRECTION OF 

T R A V E L  
I 

90° SW.QP 4 5 O  Sweep 

Snesp Dimensions 

0 
>SO mm deep: ZOO mrn aide; 25 rnko angle 

Fig .  3 The e f f e c t  of  sweep a n g l e  on d i s t u r b e d  a r e a ,  d r a u g h t  f o r c e  
and s p e c i f i c  r e s i s t a n c e ,  (Data  n o t  f o l l o w e d  by t h e  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  t h e  95% l e v e l ) .  
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F ig .  4 The e f f e c t  o f  two s h a l l o w  t i n e s  p r e c e d i n g  a  s i n g l e  deep  t i n e  
0 

by 300mm ( t i n e  d e t a i l s :  25mm wide ,  45  r a k e  a n g l e ,  68mm work- 
i n g  d e p t h  ( s h a l l o w )  and 150rnm working  d e p t h  ( d e e p )  ). 

f a i l u r e  i n  t h e  c e n t r a l  zone  h a s  c a u s e d  t h e  f a i l u r e  p l a n e s  a t  t h e  ex- 
t r e m i t i e s  t o  move i n w a r d s  t o w a r d s  t h e  l o o s e n e d  zone ,  r e d u c i n g  t h e  
d i s t u r b e d  a r e a  afid i n c r e a s i n g  t h e  s p r e ~ c i f i c  r e s i s t a n c e .  
b )  S p a c i n g  e f f e c t s  w i t h  t i n e s  working  a t  d i f f e r e n t  d e p t h s .  

F i g u r e  4 i l l u s t r a t e s  f o r  a s e r i e s  of  s o i l  b i n  t e s t s  t h e  boundary  
f a i l u r e  p l a n e s  where t h e  t i n e  c o m b i n a t i o n  c o m p r i s e s  of two s h a l l o w  
t i n e s  p r e c e d i n g  a  d e e p  t i n e ,  t h e  s h a l l o w  t i n e s  working a t  h a l f  t h e  
d e e p  t i n e  dep th .  I n c r e a s i n g  t h e  s h a l l o w  t i n e  s p a c i n g  c h a n g e s  t h e  
p o s i t i o n  of t h e  deep  t i n e  f a i l u r e  p l a n e s ,  i n c r e a s i n g  t h e  d i s t u r b e d  
a r e a  and r e d u c i n g  t h e  s p e c i f i c  r e s i s t a n c e .  F ig .  5 i l l u s t r a t e s  s i m i l a r  
c h a n g e s  i n  a  f i e l d  s i t u a t i o n  where a  winged s u b s o i l e r  t i n e  was p re -  
ceded  by twc s h a l l o w  t i n e s  working a t  d i f f e r e n t  d e p t h s  and  s p a c i n g s .  
W h i l s t  t h e r e  a r e  a g a i n  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  t o t a l  d r a u g h t  
v a l u e s  be tween t h e  d i f f e r e n t  t i n e  c o m b i n a t i o n s ,  t h e r e  a r e  l a r g e  d i f f e r -  
e n c e s  i n  d i s t u r b e d  a r e a  and h e n c e  i n  t h e  s p e c i f i c  r e s i s t a n c e .  In-  
c r e a s i n g  t h e  number of  t i n e s  on a  t o o l  f r a m e  d o e s  n o t  mean a n  i n c r e a s e  
i n  d r a u g h t  p r o v i d i n g  t h e  t i n e s  a r e  c o r r e c t l y  p o s i t i o n e d .  

The u s e  of  c o r r e c t l y  p o s i t i o n e d  s h a l l o w  t i n e s  working  a h e a d  of 
d e e p  t i n e s  can  t h e r e f o r e  have  a  v e r y  b i g  i n f l u e n c e  on t h e  e f f i c i e n c y  
o f  t h e  l o o s e n i n g  o p e r a t i o n .  O t h e r  e x p e r i m e n t s ,  Spoor  and  Godwin 
( 1 9 7 8 ) ,  have  a l s o  shown t h a t  l o o s e n i n g  t h e  s h a l l o w  l a y e r s  p r i o r  t o  
t h e  d e e p e r  o n e s  n o t  o n l y  r e d u c e s  t h e  s p e c i f i c  r e s i s t a n c e ,  b u t  a l s o  
a l l o w s  s a t i s f a c t o r y  l o o s e n i n g  t o  b e  a c h i e v e d  t o  much g r e a t e r  d e p t h s  
w i t h  g i v e n  t i n e s  o v e r  a  w i d e r  r a n g e  of  s o i l  m o i s t u r e  c o n d i t i o n s .  



C o n c l u s i o n s  

The s o i l  f a i l u r e  b o u n d a r i e s  w i t h  m u l t i - t i n e  imp lemen t s  i s  
v e r y  dependen t  upon t h e  r e l a t i v e  p o s i t i o n i n g  of t h e  t i n e s .  
W h i l s t  t h e  s p a c i n g  be tween t h e  t i n e s  working a t  t h e  same d e p t h  
i n f l u e n c e s  bo th  t h e  d r a u g h t  f o r c e  and t h e  d i s t u r b e d  a r e a ,  i t s  
e f f e c t  on t h e  s p e c i f i c  r e s i s t a n c e  a t  t i n e  s p a c i n g s  be tween 
1 and  2 t i m e s  t h e  t i n e  working d e p t h  i s  r e l a t i v e l y  s m a l l .  
S p e c i f i c  r e s i s t a n c e  and h e n c e  t h e  e f f i c i e n c y  of  any  l o o s e n i n g  
o p e r a t i o n  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  t i n e  p o s i t i o n i n g  
w i t h  t i n e s  working a t  d i f f e r e n t  d e p t h s .  Where t h e  s o i l  i s  
l o o s e n e d  i n  s t a g e s  f rom t h e  s u r f a c e  downwards by t h e  same 
implemen t ,  l a r g e  improvements  i n  s p e c i f i c  r e s i s t a n c e  c a n  b e  
a c h i e v e d  combined w i t h  more e f f e c t i v e  l o o s e n i n g  o v e r  a w i d e r  
r a n g e  of d e p t h s  and  s o i l  m o i s t u r e  c o n d i t i o n s .  

Winped wbsoiie? + 2 

Winged wbsdler +2 
ieoding fines 

---- Bl& 2 
Bloch .3 

Fig .  5 Compar i son -o f  d i s t u r b e d  a r e a ,  d r a u g h t  f o r c e  and  s p e c i f i c  
r e s i s t a n c e  w i t h  a  winged s u b s o i l e r  t i n e  p r e c e d e d  by two 
s h a l l o w  t i n e s .  (Da ta  n o t  f o l l o w e d  by t h e  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  t h e  9 5 % . l e v e l ) .  
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ABSTRACT 

The objective of three-year investigations on hypogley was to deter- 
mine the optimal depth of basic tillage, extent of its possible reduc- 
tion up to no-tillage, optimal fertilizing, interaction of soil tillage and 
fertilizing, and their mutual compensation in relation to the yields of 
some important field crops /maize, winter wheat and sugar beet/. 
The obtained results a r e  positive and point to the possibility of tillage 
reduction a s  to the depth, its simplification for winter wheat and 
maize, but the need for deeper cultivation for sugar beet. The effect 
of fertilizing was not completely defined, and consequently the effect 
of combinations of tillage and fertilizing. The research is being conti- 
nued. 

INTRODUCTION 

Investigations should show the extent to which the standard soil 
tillage can be reduced and the role played by fertilizing for maize and 
wheat, which a r e  traditionally grown in the conditions of the central 
Drava Valley /North Croatia/, and for sugar beet which is just being 
introduced. 

A t  a certain level of plant production, the depth of basic soil ti- 
llage has to be adjuste'd to natural conditions but should also be econo- 
mically justified. Introduction of modem machinery causes great 
changes in some traditional practices of soil tillage, and also its 
depth. Thus, the reduction of tillage regarding its frequency, depth 
and intensity does not weaken oniy i t s  primary effect but also the 
residual effect, which in the series of tilling practices should be con- 
sidered in view of crop-rotation and environmental conditions. 

According to some temporary studies, crops can grow and give 
relatively high yields in less ideal conditions of the soils than it was 
deemed necessary. Accordingly, it can be concluded that the standard 
system of soil tillage ensures a more or  less favourable seedbed, but 
very often unfavourable root layer of the soil. Thus, our investigation 
of reduced soil tillage aims a t  finding a system that would eliminate 
these drawbacks and a t  the same time provide a basis for rational 
soil tillage in the full sense of the word. 



LNVESTIGATION METHODS 

The trial was se t  up after the harvest of winter wheat, in summer 
1975, on three different soil types. Due to limited space, this paper 
presents only the results obtained on hypogley. 

In the f irst  year four variants of basic soil tillage were investiga- 
ted, and in the other two years eight variants /Table l/. In the second 
and third years,  variants of ploughing a t  30 and 40 cm were each divi- 
ded into three subvariants for maize and winter wheat in the following 
way: a/ herbicides + dead mulch, b/ harrowing with heavy disc-harrow 
at  15 cm,  and c/ ploughing at  20 cm . 

When sugar beet was included in the crop-rotation, ploughing a t  30 
or  40 cm replaced the subvariant of herbicides + dead mulch. The pur- 
pose of these practices was to find out i f  residual effects of deeper ti- 
llage would appear, and if its reduction was possible without decrea- 
sing the yield. Herbicide application instead of basic soil tillage, in the 
second and third years, was a substitute for the basic tillage for maize 
and winter wheat. The chosen variants of cultivation were conditioned 
by the existing technical potentials, respecting also agrotechnical re- 
quirements of the selected crops. Simultaneously, the trials investiga- 
ted four grades of mineral fertilizing, paying special attention to the 
fact that in the conditions of reduced tillage it is very important to cre-  
ate nutrient reserves in the soil. Specific requirements of individual 
crops were thus disregarded in the f irst  year,  while in the second and 
third years, uniform fertilizing was carried out in all variants, but de- 
pending on the specific needs of test crops. By creating nutrient reser- 
ves in the soil in the f i rs t ,  and by uniform fertilizing in the second and 
third years, great care  was taken to maintain soil fertility and enable 
tillage reduction, which would have been impossible at  low fertilizer 
grades and in conditions of lesser fertility. The trials have stationary 
character and have been set  up according to the split-block method, in 
four replications. This paper deals with the results of the f irst  three 
investigation years. The trials a r e  continuing in order to determine : 
a/ optimal depth of basic soil tillage, b/ possible extent of the basic 
tillage reduction up to complete no-tillage, c/ optimal fertilizing, in- 
teraction of tillage and fertilizing, and their mutual compensation, and 
some other important parameters. 

BASIC DATA ON TH E CLIMATE AND THE SOIL 

The region where trials were carried out is rich in precipitation 
/844 mm per year/ with some oscillations in annual disti-ibution, but 
also expressed primary precipitation maximum in May, and the secon- 
dary one in November. According to the rain factor after Lang /83/, 
the region is situated transitionally between semihumid and humid cli- 
mate. According to the hydrothermal coefficient after Seljaninov, the 
region is in the zone of sufficient humidity /l .0 - 1.3/. 

The trial was laid out on a hypogley soil on alluvium, of loamy- 
-clayey texture, averagely gleyed. The compacted and poorly water- 
-pervious layer of heavier structure lies immediately beneath top soil 



and stretches 90 cm deep. Below 90 or  100 cm there is loamy noncal- 
careous sand, which may be calcareous in places, depending on the 
composition of older alluvial deposits. Deeper soil layers are less 
gleyed due to groundwater. 

INVESTIGATION RESULTS AND DISCUSSION 

The first  test crop in the tr ials ,  sugar beet, was preceded by 
winter wheat in repeated growth, which favoured the spreading of 
weeds, among which Echinchloa crus galli L. prevailed. The variety 
Maribo Monova was grown and the results of the analysis of variance 
showed no significant differences for any of the investigated factors 
/Table l/. Absolute differences in root yields were rather expressed. 
The yield was a t  more or  less the same level in the f irst  two tillage 
variants, that is the variants of harrowing + subsoiling and ploughing 
a t  20 cm. The yield went up when ploughing was carried out a t  30 cm,  
and the highest yield was obtainted with ploughing a t  40 cm. It should 
be mentioned that this was the f irst  time that sugar beet was grown on 
this soil type in this region, so  that certain production factors a r e  
still unknown. The differences in yields between the shallowest and 
deepest ploughing point to the justification of deeper tillage. 

A s  regards the effects of fertilizing, the situation was rather illo- 
gical, which could be explained by the high potential, and also actual 
fertility of the soil. 

A s  to  the combined effect of tillage and fertilizing, there was 
practically no interaction. It  can be partly explained by complete abse- 
nce of the effect of fertilizer grading. 

The second test crop was maize, hybrid Bc SK-418. Tillage had a 
significant effect on maize yield. The complete advantage was again on 
the side of deeper tillage, that is ploughing. Still, in relation to harro- 
wing, the differences in yields a r e  not significant. In case of prelimi- 

- nary ploughing a t  30 cm, it was even better than direct ploughing at 20 
cm for maize. Harrowing, preceded by subsoiling and harrowing ren- 
dered a yield which approached that of ploughing, In this case, stan- 
dard tilling practices /ploughing/ were omitted for two successive ye- 
a r s .  However, significant differences in the yield occurred only in 
case of no-tillage by comparison with al l  other trial variants. Despite 
this fact, a relatively high yield of maize grain was obtained also in 
the variants "herbicides + dead mulch". It  can be fairly reasonably 
supposed that in these variants the residual effect was felt of previous 
ploughing a t  30 and 40 cm. 

To conclude, soil tillage had advantages over dead mulch, and 
within tillage ploughing over harrowing. By comparison to standard 
ploughing a t  20 cm,  there was no residual effect of ploughing a t  30 and 
40 cm. 

Fertilizing did not have a significant effect, but higher doses we- 
re more efficient. A s  there was no direct effect of fertilizing in the 
f i rs t  year, i t  could be even less expected a year later.  Due to favou- 
rable precipitation distribution a t  critical stages of its development, 
maize had enough moisture for the activation of the soil solution, s o  
that the plants were well supplied with nutrients, even a t  lower 



Table 9-Yield of sugar beet root andgrain yield of mcalze and winter wheat in q per h a  according 
to the variants of basic soil tillage and fertilizing and their combinations. 

Basic soil t i l lage 



fertilizing grades. 
I t  i s  logical to expect the ef fect  of the combination of tillage and 

fertilizing to be the result of  their individual effects.  Thils , there was 
no considerable interaction of tillage and fertilizing. 

Neither in the third experimental year, when winter wheat, variety 
Zlatna dolina, was grown as test-crop, did any experimental. factor ha- 
ve a significant e f fect  on the yield, but significance was most approa- 
ched by fertilizing. Great uniformity was observed in the yields of 
winter wheat grain, with relatively high general level of yield in spite 
of expressly negative meteorological conditions for wheat development. 
As to the depth of tillage, in some variants wheat was in the most un- 
favourable situation. Namely, the reduction of  tillage (depth) was the 
smallest for sugar beet, and maize utilised the residual e f fect  of  dee-  
per tillage in shallower or no-tillage variants. Therefore, the results 
obtained with wheat can be considered positive. 

O f  all the variants, of special interest are those in which tillage 
was completely omitted and which were named " herbicides + dead 
mulch ". Herbicide tribunil, which was used as a substitute for basic 
soil tillage, showed great efficiency in weed control. The obtained 
yields point to the possibility of  not only reducing the basic tillage depth 
but also of  complete omission of  the basic tillage, even of  pre-sowing 
cultivation. Wheat i s ,  after all ,  known as a crop with a poor response 
to deep tillage. However, no conclusive results are possible after only 
one year of investigation. 

There was practically no ef fect  of fertilizing on wheat yields, though 
there was a slight tendency towards yield increase at high doses. But 
as fertilizing was not significant in any of  the three trial years, either 
the differences between fertilizer grades were not big enough or the 
substratum so fertile that it completely masked the ef fects  of fertili- 
Zing. We are in favour of  the latter assumption which i s  confirmed by 
the general production results, which point to the high production capa- 
city of  the soils in question. 

In the combinations of tillage and fertilizing there was a rather wi- 
d e  range of winter wheat yields. Still, no combination can be given ab- 
solute preference, for no significant differences were recorded. The 
good ef fect  of  no-tillage (herbicides + dead mulch),  with almost all 
fertilizer doses, deserves special emphasis. 

When discussing some general questions in connection with these 
trials, it should be mentioned that reduced tillage hides some draw- 
backs, one of  the basic defects being the restricted ploughing-in of  
fertilizer into deeper soil layers. In case of soils of good fertility, 
either natural or technological, these deficits are less important, be- 
cause plants can take up nutrients from soil reserves at the time of  
reduced or omitted tillage, which anyway cannot become a universal 
practice for a longer time period. Thus also from '*e of view of 
soil fertility, the chosen soil type can be taken as suitable for the re- 
duction, or even omission of  tillage, that is the restricted fertilizer 
application would not appear as a more signif ica~t limiting factor in 
periodical reduction of  the soil tillage depth. This primarily applies to 
fertilizing with phosphorus and potassium, the reserves of  which sho- 
uld be created at the stage preceding the reduction of  soil. tillage. As 



~ e g a r d s  nitrogen, due to  its behaviour in the soil (leaching) the re  a r e  
practically no grea ter  difficulties in  reduced, o r  even no-tillage 
systems. On soil  types l ike the one in this trial, well supplied with or- 
ganic mat te r ,  there  a r e  considerable nutrient r e se rves ,  whose activati- 
on depends on other measures  applied and also on the current  hydro- 
thermal  relations of the climate. 

CONCLUSIONS 

The following conclusions can be drawn on the bas is  of the climatic 
and edaphic conditions in the region and the response of test-crops to  
cultivation and fertilizing : 

1. The yields of sugar  beet,  in the variants of tillage and fertilizing 
and the i r  combinations, were  satisfactory, in spi te  of considerable cli- 
matic aberrations.  Besides, it was the f i r s t  growing of sugar  beet on 
this soil  type (hypogley) . Differences in the yield between the variants 

point to the justification of deeper tillage, while fertilizing effects can 
be  explained by high potential, and even actual, fertility of the soil. 

2. Tillage had a significant effect on the yield of maize,  the second 
crop in the t r ia l .  Tillage had an advantage over dead mulch, and within 
tillage over harrowing, but without statist ical  significance in the la t te r  
case.  Realtively high yields also in  the variant " herbicides + dead 
mulch " a r e  quite logically supposed to be  due to the residual effect of 
previous ploughing a t  3 0  and 4 0  cm. 

Fertilizing had no significant effect, but there was a certain ad- 
vantage of higher doses.  Favourable moisture conditions at critical 
s tages of maize development helped the activation of nutrients f rom 
soil r e se rves ,  in which respec t  maize is a very  receptive crop. 

3, The yields of winter wheat were  very  uniform in the variants ,  re- 
latively high despite expressly adverse meteorological conditions for  
i t s  development. In some variants,  the tillage reduction fo r  wheat was 
the grea tes t ,  s o  the obtained resu l t s  can be considered positive, be- 
cause they indicate the possibility of reducing the basic tillage depth, 
and even its complete omission, a s  well as the omission of pre-sowing 
cultivation. 

Fertilizing had a poor effect on the yield of winter wheat, but 
with positive tendencies towards increasing yield a t  higher doses.  

4. Conclusive resu l t s  can be  only obtained af te r  longterm investiga- 
tions of these problems. Therefore, the t r i a l s  are being continued, be- 
side those conducted on lessivk pseudogley and lessivk brown soi l ,  the 
resul ts  of which were  not presented in  this paper due to res t r ic ted  
space,  a l so  on hypogley. 
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ABSTRACT 
The paper  p r e s e n t s  r e s u l t s  o f  t r ia ls  on t h e  e f f e c t s  o f  plowing 

d e p t h  and i n t e n s i t y  o f  f e r t i l i z a t i o n  on y i e l d  o f  c o r n  grown on hydro- 
morphic b l a c k  s o i l  w i t h  and w i t h o u t  i r r i g a t i o n .  

It was found t h a t  t h e  e f f e c t s  of c u l t i v a t i o n  a t  1 5 ,  25,  and 35 
cm were  similar. The plowing deeper  t h a n  35 cm n e g a t i v e l y  a f f e c t e d  
c o r n  y i e l d ,  s i m i l a r l y  a s  a s h a l l o w e r  c u l t i v a t i o n  t h a n  1 5  cm, i -e . ,  
t h e  d i s k i n g  a t  1 0  cm. 

Minera l  f e r t i l i z a t i o n  i n c r e a s e d  t h e  y i e l d s  o f  c o r n .  The medium 
dosage  of f e r t i l i z e r s  (256 k g l h a  o f  p u r e  n u t r i e n t s )  b rough t  s i g n i f -  
i c a n t  y i e l d  i n c r e a s e s .  F u r t h e r  i n c r e a s e s  o f  t h e  d o s a g e s  o f  m i n e r a l  
f e r t i l i z e r s  b rough t  minimal y i e l d  i n c r e a s e s .  I n  t h e  c a s e  o f  t h e  
l a r g e s t  dosage  (342 k g l h a )  t h e  y i e l d  o f  c o r n  was i n c r e a s e d  by 1 mtc/  
/ h a ,  on t h e  a v e r a g e  f o r  t h e  e x p e r i m e n t ,  i n  r e l a t i o n  t o  t h e  medium 
dosage.  

I r r i g a t i o n  b rough t  low y i e l d  i n c r e a s e s  because  t h e  test y e a r s  
had a h i g h  and r e l a t i v e l y  f a v o r a b l e  d i s t r i b u t i o n  of p r e c i p i t a t i o n ,  
which d o e s  n o t  happen f r e q u e n t l y  i n  t h e  r e g i o n  i n  which t h e  t r i a l s  
were  performed.  

INTRODUCTION 
On t h e  b a s i s  o f  t h e  t h e o r y  on t h e  e s t a b l i s h m e n t  and maintenance 

o f  a r a b l e  l a n d  e s t a b l i s h e d  by D. Todorovid ( 1 9 5 7 ) ,  and t h r o u g h  
numerous e x p e r i m e n t s  conducted by P. Drezgid  e t  a l .  (1964,  1967 ,  
1 9 7 2 ) ,  V. M i h a l i 6  e t  a l .  ( 1 9 6 4 ) ,  Z. Madja r id  e t  a l .  (19591, M. S to-  
j a n o v i d  (19711, B. Zivkovid e t  a l .  (1966) ,  and  o t h e r s ,  it was proved 
t h a t  deeper  p lowing h a s  an  economica l ly  j u s t i f i a b l e  e f f e c t  r e g a r d i n g  
t h e  y i e l d  i n c r e a s e s  o f  t h e  c r o p s  grown. These e x p e r i m e n t s  were con- 
d u c t e d  on d i f f e r e n t  t y p e s  o f  s o i l  which a l s o  had d i f f e r e n t  t e x t u r e s .  

The r e s e a r c h  on d i f f e r e n t  f a rming  s y s t e m s  on v a r i o u s  s o i l  t y p e s  
was aimed a t  t h e  i n c r e a s e  o f  y i e l d s  o f  t h e  c r o p s  grown. The o b t a i n e d  
y i e l d s  were t h e  b a s i s  f o r  t h e  c o n c l u s i o n s  on t h e  e f f e c t s  e x e r c i s e d  
by d i f f e r e n t  c u l t u r a l  p r a c t i c e s  as t h e  d e p t h  o f  p lowing,  c r o p  r o t a -  
t i o n ,  m i n e r a l  f e r t i l i z a t i o n ,  p l a n t  c u l t i v a t i o n ,  etc.  

T h i s  s p e c i f i c  r e s e a r c h  s h o u l d  g i v e  s c i e n t i f i c  e x p l a n a t i o n s  o n  
t h e  c o r r e l a t i o n s  among d i f f e r e n t  f a rming  s y s t e m s ,  changes  o f  p h y s i c a l  
p r o p e r t i e s  o f  s o i l ,  and y i e l d s  o b t a i n e d .  T h i s  w i l l  o f f e r  a p o s s i b i l -  
i t y  o f  e x p l a i n i n g  t h e  e f f e c t s  o f  d i f f e r e n t  p lowing d e p t h s  and f e r t i -  
l i z a t i o n  methods on t h e  i n c r e a s e  o f  c o r n  y i e l d s  s i n c e  t h e  i n c r e a s e  is 
t h e  r e s u l t  o f  c o n d i t i o n s  c r e a t e d  i n  a c e r t a i n  s o i l  t y p e  and t h e  agro-  
e c o l o g i c a l  r e g i o n .  

EXPERIMENTAL PROCEDURES 
The exper iment  was conducted i n  Vojvodina ,  t h e  n o r t h - e a s t e r n  



p a r t  of Yugoslavia, on ca lcareous  hydromorphic black s o i l  o f  heavy 
mechanical s t r u c t u r e .  

The preceeding crop  a t  t h e  experimental p l o t s  was t h e  wheat. A t  
t h e  end o f  October 1974, t h e  s o i l  c u l t i v a t i o n  and f e r t i l i z a t i o n  were 
performed wi th in  t h e  fol lowing v a r i a n t s :  

a )  v a r i a n t s  o f  c u l t i v a t i o n :  
- d i sk ing  - plowing a t  15  cm 

- 

- plowing a t  25 cm 
- plowing a t  35 cm 
- plowing at  45 cm 

b)  v a r i a n t s  of f e r t i l i z a t i o n  
- check 0 
- 170 kglha o f  NPK = 71: 59:40 - 256 kglha o f  NPK = 107: 89:60 
- 342 kglha o f  NPK = 143:119:80 

Some experimental  p l o t s  were i r r i g a t e d  and some were not .  The 
experiment ,  which has  a  s t a t i o n a r y  c h a r a c t e r ,  i s  conducted according 
t o  t h e  s p l i t - p l o t  method. The corn ( v a r i e t y  NSSC-696) was p lanted  i n  
a l l  c u l t i v a t i o n  and f e r t i l i z a t i o n  va r i an t s .  The experiment was con- 
ducted i n  t h e  per iod  from 1974 t o  1976. 

RESULTS AND DISCUSSION 
The e f f e c t  o f  t h e  t e s t e d  f a c t o r s  on corn y i e l d  va r i ed  from year  

t o  year  i n  dependance o f  weather condi t ions .  For b r e v i t y ,  t h i s  paper 
c o n t a i n s  only  average three-year  r e s u l t s .  

Mineral f e r t i l i z a t i o n  had t h e  h ighes t  e f f e c t  on corn y i e l d s .  On 
t h e  average,  t h e  lowest dosage (170 kglha o f  NPK) brought t h e  y i e l d  
inc rease  of 13.34 mtclha i n  comparison wi th  t h e  n o n - f e r t i l i z e d  check 
p l o t .  The l a r g e s t  dosage (342 kglha)  brought t h e  i n c r e a s e  o f  about  22 
mtclha;  however, t h i s  i nc rease  was on ly  1 mtclha h igher  than  t h e  in-  
c r e a s e  brought by t h e  medium dosage (256 kglha) .  

Larger d i f f e r e n c e s  among t h e  v a r i a n t s  o f  f e r t i l i z a t i o n  were ob- 
t a i n e d  mostly i n  t h e  t h i r d  t e s t  yea r ,  when t h e  extended a c t i o n  o f  
f e r t i l i z e r s  app l i ed  t o  t h e  experimental  p l o t s  before  t h e  e s t a b l i s h -  
ment o f  t h e  experiment was exhausted. Besides, t h i s  s o i l  t y p e  i s  r i c h  
i n  NPK elements - t h e  s o i l  l a y e r  t o  t h e  depth o f  30 cm c o n t a i n s  0.20% 
o f  N ,  22 mgf100 g r  o f  s o i l  o f  P205, and 35 tug1100 gr o f  s o i l  o f  K20. 
The humus content  is 4.5%. It may be concluded t h a t  t h e  medium dosage 
o f  f e r t i l i z e r s  may be considered a s  i d e a l  f o r  t h i s  s o i l  type.  

Tab. 1 - Effect  of plowing depth and i n t e n s i t y  of f e r t i l i z a t i o n  
on corn y i e l d  (mtc lha) ,  on 3-year average (1974-1976) 

F e r t i l i -  Plowing depth ,  cm Average 
z a t i o n ,  
kglha 

Disking 1 5  25 35 45 

Average 78.76 84.00 83.20 84.04 76.20 81.24 

LSD: Plowing F e r t i l i z a t i o n  P1ow.x f e r t .  F e r t - x  plow. 
5% 4.48 3.01 9.37 6.64 



According t o  t h e  three-year  r e s u l t s ,  t h e  depth o f  plowing had 
lower e f f e c t s  on corn y i e l d s  than t h e  mineral  f e r t i l i z a t i o n .  The 
plowing deeper than 35 cm and shallower than  15  cm (d i sk ing)  brought 
negat ive  e f f e c t s .  On t h e  three-year average,  t h e  d i sk ing  brought t h e  
y i e l d s  lower by 5.25 mtc/ha than t h e  plowing a t  15 cm. 

The c u l t i v a t i o n  depths o f  1 5 ,  25, and 35 cm brought s i m i l a r  
y i e l d s  o f  corn (Tab. 1 ) .  I n  o t h e r  words, t h e  corn may s u c c e s s f u l l y  be 
grown a f t e r  plowing at  15-25 cm f o r  t h r e e  yea r s  providing t h a t  it 
had been preceeded by t h e  establ ishment  o f  a r a b l e  l and ,  i - e . ,  t h e  
plowing a t  35 cm. 

The c u l t i v a t i o n  a t  45 cm brought t h e  lowest  y i e l d  i n  t h e  exper- 
iment which was even lower than t h a t  obta ined  a f t e r  t h e  d i sk ing  a t  
10  cm. P a r t i c u l a r l y  low y i e l d s  were obta ined  i n  t h e  non- fe r t i l i zed  
and non- i r r iga ted  va r i an t .  

The above r e s u l t s  i n d i c a t e  t h a t  t h e  depth of plowing should be 
c a r e f u l l y  considered i n  t h e  case  of heavy s o i l s  wi th  a shal low accu- 
mulative-humic horizon because a deep plowing reaches  and plows up 
t h e  u n f e r t i l e  s o i l  l a y e r ,  decreasing by t h e  same token t h e  f e r t i l i t y  
o f  t h e  e n t i r e  a r a b l e  l a y e r .  

Tab. 2 - Effec t  o f  plowing depth and i n t e n s i t y  o f  f e r t i l i z a t i o n  
on y i e l d  of corn (mtc/ha) grown wi th  and without  i r -  
r i g a t i o n ,  on 3-year average (1974-1976) 

I r r i g a t i o n  Plowing F e r t i l i z a t i o n ,  kg/ha Average 
depth ,  
cm @ 170 256 342 

Non- Disking 64.76 77.15 82.94 85.45 77.57 
i r r i g a t e d  1 5  66.96 78.70 86.11 88.08 79.96 

25 65.66 81.09 87.36 90.22 81.08 
35 68,19 82.04 86.81 85.02 80.51 
45 56.49 74.68 80.62 82.16 73.48 

Average 64.40 78.73 84.77 86.18 78.52 

I r r i g a t e d  Disking 68.94 78.48 83.22 89.19 79.96 
15  73.24 88.51 95.00 95.53 88.06 
25 74.84 83.54 91 -56 91.36 85.32 
35 72.06 87.14 97.54 94.58 87.83 
45 63.14 75.36 87.86 89.11 78.86 

Average 70.44 82.60 91.03 91.95 84.00 

LSD : I r r i g a t i o n  Fert .x  irr. 1 r r .x  f e r t .  P1.x i r r . 1 r r . x  p l .  
5% 5.36 4.24 6.22 6.34 9.37 
1% 9.83 5.64 8.25 8 -54 12.61 

I n  t h i s  experiment,  t h e  i r r i g a t i o n  had t h e  lowest  e f f e c t  on 
corn y i e l d s .  On t h e  three-year  average ,  t h e  i r r i g a t i o n  brought t h e  
i n c r e a s e  o f  5.5 mtclha. This  occurrence is  t h e  r e s u l t  o f  high and 
favorable  d i s t r i b u t i o n  of p r e c i p i t a t i o n ,  which does not  happen 
f r equen t ly  i n  t h i s  reg ion .  The corn was i r r i g a t e d  two t imes i n  1974. 
Both i r r i g a t i o n ,  t o t a l i n g  100 mm o f  water ,  took p lace  i n  August. The 
i r r i g a t i o n  brought y i e l d  inc reases  of about 1 3  mtc/ha i n  1974. I n  
1975 and 1976, t h e  corn was i r r i g a t e d  only  once,  wi th  50 mm of water.  
E f f e c t s  o f  i r r i g a t i o n  i n  t h e s e  two yea r s  were low. 

The i n t e r a c t i o n s  among t h e  t e s t e d  f a c t o r s  a r e  shown i n  Table 2 .  
The h ighes t  y i e l d  i n  t h e  experiment (97.54 mtc/ha) was obta ined  with 
t h e  plowing depth of 35 cm, f e r t i l i z a t i o n  wi th  256 kg/ha of NPK, and 



i r r i g a t i o n ,  t h e  lowest (56.49 mtc/ha) with t h e  plowing depth o f  45 
cm, without i r r i g a t i o n  and f e r t i l i z a t i o n .  The d i f f e r e n c e  of almost 
41 mtc/ha r e s u l t e d  from t h e  combined a c t i o n  of  t h e  t h r e e  t e s t e d  
f a c t o r s .  
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CONCERPJING FdE STRUCTURE OF IRRIGATED SOUS Ibl TBENORTB-HBST OF 

B1DROCCO . 
MB'QIEU C, and U E.K, 

Bureau de PBdologLe, Offiee Bkgicsnal de M i =  an QaJeux Agriacle de l a  
Xoulouya, Berkane, Haroc, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Summary - the wL&ors skdy  the transfomatiom of the stmature of 
clay-soils which have undermne perennial inf i l t ra t ion irrigation, 
using field-studies, measures ( a t  different levels) of maoil porosity, 
and naicmmorphological audbysis,!Cbey describe %he evolution of these 
so i l s  a d  present hypotheses wncernizlg the mecsnisbs and the a-ts 
of t h i s  evolution. 

I. - Intmdwtion 

obsemations are limited to an irr igated p & e t e ~  
situated ipJ. an arid snd semi-axid srea in the north-eastern wrnep of 
Morocco. (Currently 55,500 ha are under p e r d a l  infUtra t ion i r r igat -  
ion; 14,225 ha w i l l  be under sprinkler irr igat ion start ing th is  year.) 

1x1 PI=& c1assifiea%ion5 the aa&iori.2y of m i l a  are isohn- 
d c  w i t h  a moist mil-climate daring the raining seawp1,wd dPithFn 
this isohmic class m e  maroon m i l s  rand siemzems. In U.S.Tsorwno8ly, 
they are xemchrepts, ~ a b c i o r t h i d s ~  palwrtUds,  calcirhodoxeralfs 
and c a l e i z w l l s .  

Certain of these soils have been under peremial inf i l t ra t ion 
irr igat ion for I5 or  XD yearso a d  we have noticed that these so i l s  
have undergone important moqblo&cde transfomations, chiefly w i t h i n  
the t i l l e d  horizons which are l a t e r  irrigated.Cestain s k d i e s  ( B U W  
1962,1gQa,b~~vanbpmjat,I964;~b~THI~ end DBNGIS,1976g]ih8~IEU,1977s 
1978) have already shorn %he important consequences for  agriculture of 
these transfoma%ions, wbich are chiefly a t  %he level of basic struc- 
ture and its porosity. It becomes a question, then, of investigating : - those soil-properties which have been changed fm the non-irrigated 

state,  - those agriculture practices responsable for  the changes. 

We have approached th i s  by a detailed examination of soil- 
structures and thei r  pcmsities. 

2.- Xethodologies and Techniaues chosen 

The field-study a t  various levels (plot, profile, horizon, 
clod) was l a t e r  completed i n  the laboratory w i t h  structural, anePyses 
using the following nethods 1 - apparent density of earthy agglomerates (MOBBONNIER and do ,1973) - dcmmorphologjcal analyses (morphology a d  I8icmmorphrsmetrg) 

We are presenting here an example of those transfoxmations 
which have come about, comparing one soil-population whhch n e v e  has 
been irr igated with a popdation under perennial in f i l t ra t ion  - all 
studies using deep 63.89 s~5. l~ 

3.- Preparation for  plantina in irrigated m i i s  

g k l g ~  i s  accomplished, almost exclusively, by tractor  carrying 
ploughs having t h e e  non-reversible discs. 

The f i r s t  t i l l age  of a new irr igated sector often penetrates 
to a depth of 25 cm. kt this depth r d i d l y  diminishes t o  the extent 



i1m.t a compact horizon i s  formed mderneath the i r r i ga t ion  furrows. 

A s  soon a s  this compact horizon i s  formed i n  the  i n fe r io r  
p&"t of the Ap horizon, t i l l a g e  renains superf ic ia l  (I0 t o  I5 cm);and 
-th.;re. i s  no subsoiling accomplished whatwever. (MAIPIIEU and DAilG1~~J.976) 

Ti l lage i n  s m e r  o r  aukmi i a f t e r  t he  cul t ivat ion of 
sugar beets  o r  cereals)  i s  always done i n  a s o i l  which is  too dry and 
withwrlt pre-irrigation, A t  this time of the year, the  s o i l  has only 5 
t o  7 $ humidity i n  i t s  f i r s t  few cm, thah I2 % between I0 and I5 cm. 
When t i l l a g e  occurs i n  winter, spring, o r  af-ker t m c k  gardening, the  
s o i l  i s  moisOer and more eas i ly  penetrated by the plou@fi. 

This t i l l a g e  of a s o i l  which i s  too dry pmduces l a rge  
cubic clods and a great  deal of f i n e  powder. The clods must later be 
broken up by other machines, 

P o s t - t i l l a p  i s  intended to break-rrp t he  s o i l j  and currently t h e  - - - - -  
only machine used i n  a systematic fashion i n  Easten Homcco i s  a 
harrow with discs. 

Generally this h ~ r o w i n g  takes place i n  a hard and dry 
material ( s o i l  - t i l l ed  too dry  o r  s o i l  l e f t  too dry a f t e r  t i l lage13 
therekore, t he  disc harrow grinds the clods i n to  very f i n e  particules. 
After 'chis operatio3 the t i l l e d  horizon becomes a kind of f lour  with a 
ca r t s in  quantity of v e q  hard clods of varying size. 

4.- Irri@Sation 

On the plains  of the  Noulouya, cul t ivat ion on ridges is 
accomplished by i n f i l t r a t i o n  i r r i ga t ion  using short  furrows(in Arabic 
"Robtam) with long trensversal  farrows every 6 meters (oee phoh).We 

. note nmemus  defects i n  this 
systea - especially i t s  ine f f i -  
ciency and its d e s t m t i o n  of the 
s o i l  s l a rge  labor  force needed to 
accomplish i r r i ga t ion ,  l o s s  of 8 
to I2 % of surface area by trans- 
versal  furrows, inposs ib i l i ty  of 
mechanizing upkeep and harvest, 
enormous consomation of  water, 
destruction of  initial level l ing,  
and rapid transformation of soil 
s t ructure  w i t h  appearance of a 
thick compact horizon. 

Border irrigation is  used f o r  grain and lucerne. 

5.- General cbuacter is t ics  of oedologjcal p ro f i l e  

The dominant charac te r i s t ic  of s o i l s  of t h e  Moulouya 
plains  i s  the i ; f f e r g & i a t ~ o g  o f c _ & g i ~ c o a e  under t h e  p ro f i l e  
( R U ~ ~ , I 9 ? 1 ) .  In deep clay so i l s ,  Bca horizon of  calcareous a c c m -  
l a t i o n  i s  formed by so f t  o r  hard concentrations (nodules),in var iable  
quanti t ies-  The surface of these s o i l s  i s  s l i gh t ly  o r  not  a t  a l l  
calcareous. 

S ta r t ing  a t  the  top of t he  prof i le ,  the  clg-cznsegt 
gradually increases a s  one penetrates to  a greater  depth$ and, at a 
cer tnin  depth, depending on the  s o i l ,  a o l d =  clay content i s  
reached. I n  s l i a t l y  o r  non-calcareous soi1s;the c lay content is f r o m  
30 to 40 % at the  surface, and 60 $& o r  more between 40 and 80 cm. The 
sand content i s  generally betwesn I0 and 20 %a 

The most frequent ~o&o;rg a r e  red and red-brown, 2,5 and 
5 YR (9aunsell Soi l  Color Charts) and on the swrfaoe of the  nost  rainy 
areas(more t h m  400 mm/year)the s o i l s  may present a mollic epipedon. . 



cracks;and,at this time,appearance of ovoid 
aggregates just as in Ap21 horizon 

angular blocky structure.This structure can 
continue into Bca horizon 

75/50 horizon. 

porosity ,cogact zone 



SCI4EUQI b m i w a ~ ~ b ~ ~  1. Humus descent 

4 m x  @$?&&--:- 9 2- Strvcture horizon 3. Calcic horizon with nodules 

2 m- Sm-> 4+ Ploueping 5. Connpwt horizon with 
Bg 6 0  - Sc 
0 -- @n *& 6 

D o 0  ,e 
ball-shaped clods 

6, Needle-shaped calci te  

6-- Evoluzion of the i r r i w t e d  agricdtural profile 

Norpholo@cal transfornations in the irr igated 
agricultural profile esssntialy concern : - macroscopic organization - volune of porosities - micmscopic organizazion 

6. I. - s t i ~ ~ s s ~ i g  gr&zazizn 

Soils &ich have been i rr igated for  nearly I5 years 
show important morphoBogiccJ. transformations i n  their  organization 
stmctuxes (see table I )  md these new macroscopic organizations of 
swface horizons have the folloaring obaracteristics a - appeasance and development of new formss on one hand, a continous, 

nasslve ensemble Bith lainellax elements i n  which initid polyhedral 
elemeqts disappear; on the o+&er h a d ,  appearance of large nutty 
aggregates i n  the horizons under the t i l l e d  horizon. 

- appearance of macroprosity of planes i n  a continous ansaolble 

- modification of porosity with increase of compactness of these 
horizons 

6.2. - ~o~um_eeog p o x , ~ i ~ i g s  

The analyses of systaols of porosity of non-disturbed 
soi l  zequires measurements a t  several levels  of organization in order 
to distingaish the different foms. These foms are defined in terms 
of complete porosity, strraobral pomsity and porosity of elemental 

aggregates (MONNIEB and ale ,1973) 
~ o ~ & e t e ~ - r g @ t y  (Pt ) : total voids of soil, 
including voids between clods, in clods and 
i n  elemental aggregates- 

S t l u c ~ r s t  (?s) :includes porosity 
between clods T?f) and i n  clods (Pm) 



Popsip-of glga,xtel_ &gga@t%s (Pa):is t ied  to  elemsntary fabric 
and depends on grsnulometric coaposiaon, mineralogy and fabric 
plasma of the material. 

The malyses of porosities show the fol lodng variations 
from non-irrigated soi ls  (in relztive purcentages)(see table 2): 

- annual c-dtivation +I997 +999 -399 -391 - cultivation of lucerne - 9 ? I  - 3 . ~ ~ 6  - ? - 7 
during 4 years with border s t r ip  

- annual cd-tivation + 1,9 - I ,O  -8,8 -6?9 - cultivai;ion of lacerne -21,3 -23,2 -9,7 -4~9 
goro~it-y-og glgingnta& - g g @ t s s  ((Pa) 

- annual, c ~ t i v a t i o n  -I0,8 -9,5 -8,O -2,I 
- cultivation of lucerne -I5,8 -I5$8 -8,7 +2,6 

6 . 1  i n  con-irrigated soil 

The principal. micromorphologicsl characteristics of the 
clay and clay-silt  so i l s  of these plains (PBBTHIEU,~~?~) can be 
summarized as  follows a 

Plama - - - 
In BI horizon, the plasnaa i s  cla~rey and homogeneous, 

without plasaa separations (argillasepic) (BF33WB,I964). 

In Bl and B2 horizons, we have an ensemble with thin plasrna 
separations characterized by str iated orientations as islands (insepic) 
w i t h  some aggregates characterized by plasma separations on w d l s  of 
voids,on starface of skeleton grains, and i n  elongated zones (masbelvo- 
insepic), 

In Bca horizons, plasma remains clayey but w i t h  impor;tant 
ca lc i t ic  microo-qstalline intelrflorescences~ 



I a d  2. - Non-irrigaked so i l  

I, A 1  horizon z spongy s t ructure  with faecal pe l l e t s  
2. BI horizon : spongy to crumbly structure,also with faecal. 

j ar~d 4.- I r r iga ted  s o i l  pe l l e t s  

j. ApI horizon : regular jo in t  s t ructure  with planes and f i s su re s  
4* Ap21 horizon E a sub-parallel external i r r e d a r  jo in t  

s t -mcbre of a ovoid aggregate 

( plain li&t ; 26 x ) 

I n  AI m d  B I  hoPizons, microstmcture (according to B E W  
and WfGER, 1967) i s  spongy, c-mbly w i t h  i r r egu la r  ar&s and mu&- 
walled. 

In  B2 horizon, micmstmcture i s  of t he  i r r egu la r  jo in t  type 
w i t h  n u n e m s  planes, nmerous channels and l e s s  i r r egu la r  W.ghS,~pon- 
gy i n  places. There are  no cutans on the  surfaces of the  aggregates. 

I n  Bca horizons, it i s  primarily of the  i r regular  jo in t  type 
with numerous planes; but in the  i n t e r i o r  of aggregates, it i s  some- 
times very porous and, i n  places, spongy. 

One of t he  p a r t i c u l a r i t i e s  of these s o i l s  is,without doubt, 
i t s  multi-variant c a l c i t e  acn;lmdations, The following forms can be 
distinguished miomcrystall ine i n t e r f o r e s c w c e s ,  neocdc i tans ,  
spon$ir nodules (ortklzic nodules), compact no&des (disor thic  nodules) 
and needle-shaped cd io i t e  efflcrescence~(~~Lub1i~te"~~ 

6.3.2. i n  i r r i ga t ed  s o i l  

Fab rLc jLagg  #j ~lg~a-co_ngen_tga&ion~ - 
In  B2 and Bca horizons, development of t h in  cutans ( fe r r i -  

ergi lans)  is  observed i n  the  m&s 
In Ap2 and B2 horizons, development of cleaz masepic fabr ic  

plasma i s  observed, giving t he  whole a f lu ida l  strUctWe- 



S t p g t ~ r g  g@ ~ o & d .  - 
Voids are the part of the so i l  having undergone the most 

obvious transfomations, 

In A horizons and in sabjacent horizon w i t h  a s~gngy-an_d- 
crumbly micwstmc'mre in non-irrigated soil,  the change is  %a a - - - 
&kt struc*e in irrigated soil3 the number of ar&s declines and 
they are replaced by ~l.ges-agd-f&s~gez~ 

In compacted Ap2I and Rp22 f i o s i z ~ n s ~  the ;i0*4 structures 
have obvious1y replaced the spngg and c m b l y  straotures. A t  khis 
level,  the new isolated ovofd aggregates have a sub-pabalkel axternd 
i r r e s - e  ;io&~s s t m ~ d d r e ~  For this reason, the Ap2 horizons are %he - 
levels of ,wphxe and rearrangement of micro-agpegafes and vllghs- 

In the ranai3ling psst of -the B2 br izon ,  the 21-s rernsin 
numerous end the s t ruckre  i s  s t i l l  d o u a t e d  by an &rp@-ar_ jp*te$ 
fom. In the Bce horizon, the s t ruckre  does not change its chsrmte- 
r i s t i c s  from those of a non-irrigated soil, 

7 - @4egre;4aAions 

Our initial analyses seem to indicate a particular a m -  
pedological evolution i n  soi ls  subjected "& a perenrrid infil"cati0n 
irrigation, 

7 1 - zr~zfgrga&ignz 

new nacrostmctural organization of aassive character appears with 
a macropmsity of plmes and a hi& degree of mmpacLness. . tr8nsfomation md cSw.bution of p m s i t y  i n  d o s t  all orgmisa- 
tion shrcbare M a depth of 35 a. . transformation of biological porosity (biological m&s md ahannels) 
into mechanical porosity (dessication voids: i,e. ,planes) 
evolution of fabric plasma of m i l  ~ 5 t h  the appearance of thin 
cwtans and the &evelopiaent of plasna ir: str iated orientation(masepic) 

7 2, - gezhha@-l&gs 

. the g l 4 e g g t k g  gsosluin~ Gezs&cetiag provokes : 
the formation of new ty~ses of voids ~a64!EI1ElJ91978) 
the diminution of biological activity 
the development of oriented clqrey separations (Yc COPUCK and d. 
I97 3) 

c l~ - l~azk&g  w i t h  fowation of thin mtans ( M ~ T ~ I I E U , I ~ ~ ~ )  * _  

so i l  compa~tLo~ * - - --  
- .~1@.4q-aggega&es are compacted w i t h  modification of & ~ a -  

Lasr~r fabrio. This compaction i s  noticed to  a depth of 25 =, 
having no rda%ion %o mode of f @ultiva%ion - but aggravated by 
cultivation of lucerne, 

- gtp~~&-~rn~~t&og(related Lo macmstructure;b, There is  a 
gradnal decrsese in the size of planes between cloda and within 
clods onding i n  waleso.wce,i.e. , j ~ i a b a ~ e  of clods had 
o r i @ d l y  been separate.2?Ms cornpution is  especially noted 
s tar l ing a t  ; te top i n  f ields of i u c e m ~  and to a lesser  extent 
under the t i l l age  horizon w i t h  any s o n  of ~d%ivatk~ZIe 

7.3. - gep f a ~ ~ r ~  off g=ng@s 

Working the soi l  * - - - - - I 
- t i l l age  incrsasee b t a l  p r o s i t 7  ic wrked ho~izon - t i l l age  i n  a k c  dry m i l  producesr a powdery ~ ~ C ~ Q S % * W O ~ U P ~  

inconpazible the perenrid in f i l t ra t ion  irr igat ion 



- agricultural machines probably contribute to compaction a t  all 

- levels of organization. 

I-r;i&a&ign 

- a gippzifLc& gnfi&t;a4ignnog sater_ can pmvoke the formation of 
Qlay colloidal. suspensions, their minration and the fomation of - - 
cutans - alternating stgtzs-og g a ~ r a ~ n ~ d d g s & c a ~ i ~ n  which are more 
intense than in non-irrigated soil causes fomation of planes and 
fissures as w e l l  as  the modification of fabric plama. 

- - sukmergign of surface horizons leada to a saturation of material 
md to a s ta te  of new liq-A.dity a t  the extreme surface.This pro- 
bably modifies 4ententm.y fabric of the aggre@;ates, especially the 
micro-granules+ Intense ~egsLcgt&op provokes a transfornation (and 
especially a duoination i n  porosiQ;g) of aggregates but also a 
transfornation a t  al l  levels. 

- the conc3itions of Lrrigat-ign-of &ucese (i.e,border s t r ip)  and 
abandonment of all working of soi l  for  4 years are ex t r ae ly  
in&agi%%g t~ the stmctw.re of %he soi l  a% all levels of or@- - 
zation and p r inc ipd l j  a t  the horizon with is  first t i l l ed ,  then 
completely submerged. 

7.4- - Sug@stigts - E b g t t e r  - - -  agi-d-~&-~ddigr&@L&of!& ge$$g 

vVo~k&ng ofsgi& - - stubble ploagbi~~g md t i l l age  a t  ocrrect water content, w i t h  pre- 
i rr igat ion - r e f m a g  t i l l age  a f te r  i n i t i a l  t i l lage,  witheut drying of soil, 
and absolute prohibition of my machine which grinds the soil 
(i.e,disc harrows) and instead introducing harrows using teeth 
( e. g. spike harrows) 

- to increase deep ploughing t i l l age  plus subsoiling in order t o  
break up the compacted horizon (BBBTIIIEU and U,I979) 

I-rgi&a;ign 

Modifying in f i l t ra t ion  irr igat ion methods i n  this way s reducing to a 
s t r i c t  minimu the area of contact between irr igat ion w a t e r  and the 
soi l  d a c e  (RUELL&W,I962) : 

- des&inating infomation on methods of corrugation in order t o  
replace border s t r i p  irrigatior.  (e. g.wieh cerealles, lucerne) 

- - with furrow irrigation, giving the ridge a f l a t e r  profile and 
reducing the widc& of the fmmw 

- - - -  Biolc @cgl-agt&v&t~ 

Encorzra@n;g the use of the greeri manure -im d a n c e  a m- of 
biological activity indispensable to restructuring of soil. 
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T i l l a g e  i n  i r r i g a t e d  crop product ion of semiar id  
and a r i d  r eg ions  

I n s t i t u t  f i i r  Eandtnaschinenforschung de r  Bundesfor- 
schungsans ta l t  f u r  Landwir tschaf t ,  Braunschweig 

S o i l  c u l t i v a t i o n  and management has  a b a s i c  f u n c t i o n  
i n  i r r i g a t e d  crop production,  Proper t iming,  d e c i s i v e  
f o r  a h igh  p roduc t iv i t y ,  i s  r e l a t e d  c l o s e l y  t o  t h e  wor- 
k a b i l i t y  and t r a f f i c a b i l i t y  of s o i l .  The e f f i c i e n c y  of 
t i l l a g e  eqxiprnent i s  inc rea s ing  w i th  t h e  l e v e l  of mecha- 
n i z a t i o n  but  t h e  energy inpu t  r e l a t e d  t o  t h e  y i e l d s  i s  
inc rea s ing  a t  t h e  same time. P l o t  s i z e  and a c c e s s a b i l i t y  
of f i e l d s  a r e  prevent i5g a n  e f f i c i e n t  use  of f o u r  >heel  
t r a c t o r s ,  

About 220 Plio. ha o r  15 O/o o t  t h e  world a r a b l e  l a n d  a r e  
under i r r i g a t i o n .  ?lost of t h i s  a r e a  i s  i n  t h e  semiar id  
and a r i d  reg ions  of t h e  world, more t han  50 5 (mainly 
su r f ace  i r r a g a t i o n )  i n  developing c o u n t r i e s  wi th  a h igh  
popula t ion  p ressure  and a genera l  shor tage  of a r a b l e  
Band, The i r r i g a t e d  a r e a  i s  s t i l l  extending i n s p i t e  of 
s e e r e  problems i n  many of t h e  e x i s t i n g  systems and a n  
i n c r e a s i n g  shor tage  of s u i t a b l e  water. 

The high investment of t h e  i r r i g a t i o n  system i t s e l f  and 
t h e  o p e r a t i o n . c o s t s  can be j u s t i f i e d  only  by a h igh  
p r o d u c t i v i t y ,  t h a t  means h igh  y i e l d s  and a c l o s e  crop 
r o t a t i o n .  To g a i n  t h a t  t a r g e t  gene ra l l y  a r e l a t i v e l y  
h igh  l e v e l  of i n p u t s  (seed,  f e r t i l i z e r ,  p l a n t  protec-  
t i o n ,  energy, equipment and management) is  necessary. 

Because t h e  s o i l  i t s e l f  i s  an i n t e g r a l  p a r t  of t h e  irri- 
g a t i o n  system and most of t h e  problems of i r r i g a t i o n  
systems a r e  caused by h igh  water  l o s s e s  and inappropr i -  
a t e  s o i l  management s o i l  c u l t i v a t i o n  has a b a s i c  func- 
t i o n  i n  i r r i g a t e d  crop production,  
Whereas t h e  genera l  a i m s  of c u l t i v a t i o n  a r e  equal  t o  
those  of r a i n f e d  a g r i c u l t u r e  he re  p r i o r i t y  must be devo- 
t e d  t o  t a s k s  caused hy t h e  s p e c i f i c  condiiions of t h e  
i r r i g a t i o n  systems: 

- a p p l i c a t i o n  of h igh  r a t e s  of water ,  o f t e n  far beyond 
f i e l d  capac i ty ;  

- a p p l i c a t i o n  o i  h igh r a t e s  of salt wi th  i r r i g a t i o n  
water;  

- continuous wet-dry-rhytkx of t h e  s o i l  by water  app l i -  
c a t i o n ,  coc~bined wi th  swel l ing  and shr inkage of s o i l  
wi th  h igh  c lny  (mo~l t rnor i l loni t )  content  ; 

- small p l o t s  z i cco rd in~  t o  t h e  water  de l i ve ry ,  i n f i l -  
t r a t i o n  r a t e ,  l e v e l l i n g  and i n c l i n a t i o n  of p l o t s ;  

- inc reased  weed pressure;  - c lose  crop r o t a t i o n ;  



- a d d i t i o n a l  labour  demand (maintenance and opera t ion  of 
t h e  i r r i g a t e d  system). 

So main t a r g e t s  of s o i l  c u l t i v a t i o n  a r e :  
- equal  water  d i s t r i b u t i o n  (border ing,  furrowing, l eve l -  

l i n g )  t o  guarantee s u f f i c i e n t  water  f o r  a l l  p l a n t s ;  - high t ake  up rate and water  holding capac i ty  t o  mini- 
mize water  l o s s e s ;  - s u i t a b l e  i n t e r n a l  drainage of s o i l  t o  prevent  logging 
of superf luous  water ,  prevent ion of compacting and 
hardpans ; - r educ t ion  of upwards d i r e c t e d  water  movement and eva- 
poration causing salt  concen t ra t ion  i n  the top  l a y e r  o r  
guiding not  t o  be prevented salt  concen t ra t ion  t o  
s p e c i f i c  a r e a s  of t h e  dam, f a r  from t h e  p l a n t ;  - c o n t r o l l e d  water  flow t o  prevent  e ros ion ;  - c r e a t i o n  of s t a b l e  s o i l  aggregates  of s u i t a b l e  s i z e  
(5 - 15 m) ; - break ins  of  - ru s t s ,  

For s u r f ~ c e  i r r i g a t i o n  systems a number of p a r t l y  addi- 
t i o n a l  f i e i . ~  opera t ions  before ,  during a n  a f t e r  p l a n t i n g  
t h u s  i s  needed: 
- l e v e l l i n g  dams a f t e r  ha rves t  of preceding crops ,  incor-  

po ra t i on  of p l a n t  r e s idue ,  mechanic weed c o n t r o l ;  - subso i l i ng  and leach ing  i f  needed (hardpan, conpaction,  
s a l i n a t i o n ) ;  - primary t i l l a g e  (deep c u l t i v a t i o n )  and secondary t i l la-  
ge i nc lud ing  weed c o n t r o l ;  - l e v e l l i n g  of su r face ;  - border ing (dams i n  d i r e c t i o n  of water  f low);  - c r o s s  checking (dams t r ansve r se  t o  t h e  d i r e c t i o n  of 
waterflow); - furrowing ( i n  case  of furrow o r  cor ruga t ion  i r r i g a t i o n )  
i n  d i r e c t i o n  of water  flow; - shaping of h s ;  - c r u s t  breaking, 

I n  wet r i c e  (paddy) product ion t h e  aims of c u l t i v a t i o n  
and t h e r e f o r e  a l s o  t h e  opera t ions  a r e  d i f f e r e n t .  Here 
t h e  main opera t ion  is  t h e  puddling of t h e  f looded s o i l  
t o  des t roy  t h e  s o i l  s t r u c t u r e  and t o  c r e a t e  a compact 
l a y e r  fcr minimum water  l o s s  dur ing t h e  f i e l d  i s  perma- 
n e n t l y  flooded. 

For 8.11. ope ra t i ons  s u i t a b l e  t o o l s  and implements a r e  
a v a i l a b l e  Eron t h e  n~ulLipurpose hand hoe and t h e  wooden 
animal drzwn plow t o  s o p h i s t i c a t e d  t r a c t o r  and implement 
systems. B u t  never thefess  t h e  choice and proper  use  i s  
s t i l l  d i f f i c u l t .  

Basic px~oblens of c u l t i v a t i o n  a r e :  
- proper t iming of ope ra t i ons ,  - a v a i l a b i l i t y  of energy, 
- de?th, intensity, frequency and accuracy of c u l t i v a t i o n ,  
- nccessabiiity of plats ( s i ze  of farms and p l o t s ,  roads);  
- nianngcrr~crlt, e s p e c i a l l y  ill  cdse of multifarm use  of na- 

c1:il:cry. 



Proper t iming and energy demand 

Proper t iming when w ~ t e r  i s  a v a i l a b l e  means c u l t i v a t i o n  
irz,.=,lodiately a f t e r  ha rves t ,  l oos ing  as l i t t l e  t ime as 
p o s s i b l e  f o r  t h e  next crop. I n  Egypt f o r  i n s t a n c e  s o  a n  
average of n e a r l y  two crops pe r  yeas  (cropping i n t e n s i -  
t y  1.3) i s  poss ib l e ,  i n  Taiwan up t o  f o u r  crops p e r  yea r  
(sweet po ta toes ,  r i c e ,  vege tab les ,  r i c e ) .  

~ C C ~ , S ,  w,$e%.*tw...>g*t <to* lm.. 5wr1 .  
P( I I~~WI .~CIX , .C .Z .~ .~~~  and tornmoC* 
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Figure  1: 

Energy i n p u t  
and y i e l d s  i n  
d i f f e r e n t  
count r ies .  

C r u c i a l  e s p e c i a l l y  f o r  t h e  bo t t l eneck  s o i l  c u l t i v a t i o n  
i s  t h e  a v a i l a b l e  power (human, a n i m a l  o r  engine) r e l a -  
t e d  t o  t h e  a r a b l e  l and  which i n  most of t h e  developing 
coun t r i e s  i s  s t i l l  far below t h e  demand i d e n t i f i e d  by 
FA0 as 1.5 kW/ha f o r  f u l l y  mechanized i r r i g a t e d  c rop  
product ion o r  t h e  minimal demand of 0 . 5  t o  0.75 khl/ha 
as we can s e e  from t h e  graph of G i l e s  (Fig. 1). 
The capac i ty  of t h e  d i f f e r e n t  sources  of energy i s  very  
d i f f e r e n t  as we can s e e  i n  Fig. 2. 

One man can c u l t i v a t e  0.02 up t o  0.1 ha pe r  day by hand- 
hoe. Addi t ional  seasonal  l abour  t o  break t h e  l a b o u t ~ e a k  
df t i l l a g e  i s  r a r e  even i n  overpopulated countr ies .-  

So t h e  a r e a  t o  be c u l t i v a t e d  by s family  of 2.5 a c t i v e  
workers i s  l i m i t e d  t o  about  1 ha. 
With a p a i r  of bu l locks  t h e  dayly ploughed acreage is 
about t h r c e  t imes as high,  0.03 up t o  0.3 ha and t h e  
q u a l i t y  of t i l l a g e  i s  b e t t e r .  The farm a r e a  can be ex- 
tended t o  2 t o  2-5  ha. i n  most of t h e  developing coun- 
t r i e s  t h e  nurnber of d r a f t  a n i m a l  i s  decreasing,  espe- 
c i a l l y  i n  i r r i g i i t e d  a r e a s  becacse foddcr  product ion 
f o r  draft ani!nals i s  too  exgensive i n  i r r i g a t i o n  schemes 
and grazing a r e a  i s  no t  ava i l ab l e .  

The j.)owertilbcr i s  main1.y used f o r  puddling i n  paddy 
f i e l d s  of Scuth and South %&st Asia. The e f f ec i ency  i s  
0.15 t o  O,> ?lo. D r r  day, nea r ly  double as high as of a - 
p a i r  of b u l l o c k s  and f i v e  t imes as a man wi th  t h e  hand- 
hoc. Fur,t!lc.rniore t h e  p o w e r t i l l e r  can bc used i n  two o r  
t h r e e  sh i l ' i s  per day with  two o r  t lwee ope ra to r s  s o  t h a t  



t h e  d a i l y  acreage can be e a s i l y  doubled once more. 
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Figure  2: 
T i l l a g e  e f  f ecien- 
cy wi th  d i f f e -  
r e n t  power sour- 
ces*  

The f o u r  :;.heel t r a c t ~ r  (50 kW) has t h e  h ighes t  e f f i c i e n -  
cy wi th  1.0 t o  2.4 ha/day i n  one s h i f t  under comparable 
condi t iones ,  t h a t  means n e a r l y  25 t imes t h e  human e f f i -  
ciency. 25 ha of l and  can be c u l t i v a t e d  by one t r a c t o r .  
But t h e  average  s i z e  of i r r i g a t i o n  farms i n  t h e  develo- 
p ing  c o u n t r i e s  i s  1 - 2 ha only. 

Proper t iming bes ides  t h e  a v a i l a b l e  power i s  c l o s e l y  re-  
l a t e d  t o  t h e  t r a f f i c a b i l i t y  and workab i l i ty  of s o i l .  
Many of t h e  s o i l s  of semiar id  and a r i d  zones (esp. w i th  
a high con ten t  of f i n e  sand and s i l t)  have only  a very  
l i m i t e d  range of s u i t a b l e  water  content  (Fig. 3) 

Figure  3: 

Consistency 
l i m i t s  of s o i l ,  

lncrwsing Water Content w at.w 11. 

The lower p l a s t i c  l i m i t  i s  exceeded a l r eady  a f t e r  s m a l l  
water  g i f t s ,  but a f t e r  t h e  usual  h igh g i f t s  o r  a f t e r  
heavy r a i n s  ( i n  semiar id  zones) e s p e c i a l l y  i n  a r e a s  of 
w in t e r  rain kith low cvnporntion r a t e s  and poor ly  drai- 
ned s o i l s  a l o t  of t ime (up t o  two o r  t h r e e  weeks) i s  
l a s t  until c u l t i v e l i o n  i s  poss ib le ,  



A t  h igh moisture content ,  where t h e  s t r e n g t h  i s  mainly 
due t o  t h e  organic  bonds, t h e  c lods  a r e  very weak be- 
cause of t h e  very  low organic  ma t t e r  content  of most of  
t h e  t r o p i c a l  s o i l s ,  Thus t h e  c lods  a r e  very  susceptible 
t o  deformation and compaction which because of t h e  r i s k  
of s a l i n a t i o n  i s  t h e  b a s i c  threat t o  i r r i g a t e d  s o i l s ,  
e s p e c i a l l y  when t r a c t o r s  a d  heavy equipment a r e  used. 
Af t e r  a narrow zone of water  content  w i t h  opt imal  worlca- 
b i l i t y  ( o f t e n  only  a few days o r  even hours due t o  h igh  
evaporat ion r a t e s )  s o i l s  w i t h  a h igh  content  of  f i n e  
sand and si l t  become hard  l i k e  concre te  (up t o  20 M/cm 
of ploughing r e s i s t a n c e )  and cannot be c u l t i v a t e d  by 
h a d  o r  a n i m a l .  To t r e a t  t h e s e  c lod  forming s o i l s  w i t h  
heavy t r a c t o r s  and implements seems t o  be waste of  ener- 
gy and mate r ia l .  So bes ides  t h e  s t tempt  t o  improve t h e  
s o i l s  by i nc rea s ing  t h e  o rgan ic  ma t t e r  content  two a l t e r -  
n a t i v e s  must be discussed:  
- c a l t i v a t i o n  wi th  high e f f i c i e n c y  between sh r i rkage  - 

and p l a s t i c  l i m i t  o f  t h e  s o i l  o r  
- t e c h n i c a l  i r r i g a t i o n  t o  keep t h e  water  con ten t  i n  

between s ip inkage a d  p l a s t i c  l i m i t  dur ing c u l t i v a t i o n  
i f  water  i s  a v a i l a b l e ,  

In both  cases  bes ides  t h e  necessary  hardware of t r a c t o r ,  
implements, equipment iand f u e l  a s u f f i c i e n t  b o w  how 
and management i s  needed, Singh an& Chancellor  show t h z t  
an  i nc rea sed  l e v e l  of mechanization can i n c r e a s e  t h e  
l e v e l  of y i e l d s  considerably  but  i n c r e a s e s  a l s o  t h e  l e -  
v e l  of energy inpu t  r e l a t e d  t o  the u n i t  of crop. The 
t o t a l  c o s t s  of production ape reduced, t h e  f a r m  income 
i s  r i s i n g ,  but t h e  a v a i l a b i l i t y  and c o s t  of  energy w i l l  
have an inc rea s ing  i n f luence  on h igh ly  mechanized pro- 
duc t ion  systems. But even f o r  mechanized r i c e  produe- 
t i o n  t h e  energy inpu t -oa tpu t - re la t ion  is far below one 
(1 t o  5 according t o  S t e i n b ~ w t ) .  
Facing t h e  genera l  energy s i t u a z i o n  t h e  i d e a  of maximal 
i npu t  t o  g a i n  maximum y i e l d s  which is t y p i c a l  f o r  irri- 
g a t i o n  schemes has  t o  be reviewed. 
Egypt f o r  i n s t a n c e  wi th  $00 96 of i r r i g a t e d  a g r i c u l t u r e  
shows t h a t  h igh y i e l d s  e r e  a l s o  p o s s i b l e  wi th  low energy 
inpu t  (0-4  kW/ha, 50 o/l, human m d  animal). So new appro- - 
aches  have t o  be i nves t i ga t ed ,  One amongst t h e s e  i s  zero  
t i l l a g e ,  once s t a r t e d  f o r  ex tens ive  r a i n f e d  a g r i c u l t u r e  
( t o  prevent  e ros ion)  which i s  t e s t e d  now a l s o  f o r  in-  
s t ance  f o r  i r r i g a t e d  r i c e  i n  t h e  Ph i l ipp ines .  The y i e l d s  
a r e  comperable wi th  t hose  of puddled p l o t s  b c t  weed con- 
t r o l  i s  s t i l l  a problem, even wi th  paraquat  which i s  
a l s o  r a r e  and expensive, h r t h e r m o s e  water  l o s s e s  a r e  
h igh  because t h e r e  i s  no water  Bogging Payer, 

Reduced t i l l a g e  ? 

Energy 2s wel l  as time and ~a te r i aB  can be saved by 
decreasirlg: 

t h e  depth of c u l t i v a t i o n  
t h e  i n t e n s i t y  
t h e  frequency 
t h e  accuracy (homogenity , evcnr:ess). 



The choice of the s i t e  and proper  i ~ ~ i g a t i o p  system i s  
d e c i s i v e  f o r  t h e  d i f f i c u l t i e s  of s o i l  management i n  an 
i r r i g a t i o n  scheme, A s  we11 as t h e  a v a i l a b i l i t y  of su i t ab-  
9-e water  and t h e  hydrologic @ s p e ~ t s  t h e  c h q a c t e r i s t i c s  
f o r  s o i l  management have t o  be cansidered,  

mqe i n t e r n a l  drainage of superf luous  w ~ t e r  i s  t h e  l i w i -  
%,ins f a c t o r  Tor reduced t i l l a g e  because my l o c a l  o r  ge- 
neral waterlogging causes s ak ina t i on  &qd shor tage  of 
sxigen f o r  t h e  p l a n t s ,  V e r t i s o l s  far  i n s t a n c e  o r  s a l i n e  
sad a l k a l i n e  s o i l s  have ei  poor i n t e r n a l  drainage and rare 
~ e u ~ s i t i v e  t o  compaction s o  t h a t  they need f requen t  deep 
mFb. i n t e n s i v e  tillage.. & s p e c i a l l y  where pu$s len t s  m d  
wss%er are r a r e  deeper c u l t i v a t i o n  can i no rease  and s t a b i -  
Psee y i e l d s ,  C a p i l l a r y  water  a s c e n s i o ~  ~ a u s i q g  evapora- 
%ion  cad salt  concen t ra t ioq  a t  $be searface Bas t o  be re-  
& w e d ,  e s p e c i a l l y  when t h e  wafer t&bPe i s  high.. IIardgans, 
o f t e n  c r e a t e d  dur ing grading,  %&?awe t o  be hrgken as well 
as crasds,  o f t e n  a f t e r  every i r r i g s t l " ~ ~ ,  Accurate c u l t i -  - 
vettion c r e a t i n g  wel l  l e v e l l e d  ma3 ~ornpg-@niou~ f i e l d s  can 
. a l s o  improve water  d i s t s i b u t i o g ,  i ave  wa$ep al low 
b igge r  p l o t s ,  

G e a e ~ a l E y  speaking new h i g b  yieliljing crops ia$roduced 
wEth new i r r i g a t i o n  systems Bike c o t t o n  f a r  i n s t a n c e  
o . ~  suggar bee t  have an bi~he?? claim of deep and i n t e n s i v e  
c?&i t i va t i on  because t h e y  w e  much more s e n s i t i v e  t o  cop- 
paction as n a t i v e  r a i n f e d  crops,  The chance %Q reduce 
& i l l a g e  i n  i r r i g a t e d  crop psodnction seems t o  be very  
Eimi%ed, Becsuse of Posses o f  o r g ~ i c  ps$$er anal water  
the use  of She mouldboard plough shouEd be r e s t r i c t e d  
t o  cases  where it i s  peeded Tor weed c o a t r o i ,  incorpo- 
r a t i o n  of o rgan ic  ma t t e r  o r  EiTt ing af f i n e  m a t e r i a l  and 
snetx9.ieots. I n  many ca se s  thg t i n e  ~ v l t $ v a $ o s o s  c h i s e l  
p2opgb proved t o  b e  sqff  icient .  

$Pot s i z e  arad acces s  

Depending on t h e  i r r i g a t i o n  sys ten ,  the water  d e l i v e r y ,  
t h e  s lope  and l e v e l l i n g  of t h e  f i e l d  and $he i n f i l t r a -  
t i o n  s a t e  t h e  p l o t  s i z e  i s  l i m i t e d ,  For b a s i ~  i r r i g a t i o n  
on s a x l y i o m  f o r  i n s t a n c e  t h e  p l o t  s i n e  can exceed 0.5 
ha only  w i th  a  h igh  water d e l i v e r y  r a t e  ( 5  250 l J s ) ,  
For s t r i p  i r r i g a t i o n  t h e  proposed width i s  between 5 
and 20 rn only ,  furrow i l - r i ga t i on  on t h e  con t r a ry  a l lows  
fuisro!fju;. t o  5C0 m length .  Farn holdixgs  w i th  a t o t a l  
area of 1 ha only ,  t h e e  o r  f o u r  d i f f e r e n t  crops  and 2 sca t t . e red  f i e l d s  have p l o t s  o f t e n  not  sore thaii $00 m . 
Fqrtheron because of the l a ck  of roads ,  dams a n d  t h e  
xhoie i r r i g a t i o n  system (na ins  and submiii,nsas  ell as 
dra inage cana l s )  t h e  f i e l d  access  wi th  t r a c t o r s  i s  
imposs ible  o r  a t  l e a s t  very  t ime consuming, 
The e f f i c i e n c y  of f i e l d  ope ra t i ons  gene ra l l y  and of f o u r  
wheel t sSactors  i n  p a r t i c u l s k  i s  r e l a t e d  t o  s i n e  and shape 
of field as wcif as t o  t h e  d i s t ance  from farm t o  f i e l d  
&mi f i e i d  t o  f i e l d .  



Model ca lcu la t ions  of Gindele show t h a t  working time 
i s  increasing s t rong progressively u i t h  decreasing p l o t  
s i z e s  below one hec tar  e spec ia l ly  f o r  l a r g e  impiitnents, 
t h a t  the  most adequate shape of f i e l d  i s  rectangular  
and t h a t  t h e  optimal r a t i o  betweec length  and width of 
f i e l d  i s  between 20 f o r  a one hec tar  p l o t  (500 m furrow 
length) and 16 f o r  a 0.1 ha p l o t  (62,5 m furrow length). 

So most of the  i r r i g a t i o n  systems of the  developing 
count r ies  a r e  not s u i t a b l e  f o r  the  use of four  wheel 
t r a c t o r s ,  I n  r i c e  c u l t i v a t i o n  t r a c t o r s  have t o  climbe 
over the  permanent dams but i n  o ther  crops dams and 
submainsoften can be removed f a r  t i l l a g e  of neigh- 
bouring p l o t s  (even of d i f f e r e n t  owners) and r e b u i l t  
before o r  even a f t e r  plant ing,  

For small p l o t s  mounted implements have t o  be p re fe r red  
and t h e  r eve r s ib le  plow f o r  ins tance  has up t o  50 $6 
=:,re e f f ic iency  as the  one way plow besides tka  good 
l e v e l l i n g  e f fec t .  

'Transport time i s  decreasing the  e f f i c i ency  considerably. 
For a 0.5 ha p l o t  Gindele shows a 2 % increase  per  each 
100 rn of dis tance between f i e l d  and f i e l d ,  t h a t  means 
100 O/o increase f o r  5 km. 

So the  f i e l d  layout has t o  be a compromise between irri- 
ga t ion  and mechanization system, t o  be discussed a l r ea -  
dy i n  the  phase of planing of the  i r r i g a t i o n  scheme. 
The proper road system i s  a major problem i n  the  develop- 
ment count r ies ,  espec ia l ly  i n  o ld  i r r i g a t i o n  systems, 
once planned f o r  hand operat ion and a n i m a l  use and now 
t o  be t rac tor ized .  

Summary 
Proper timing of s o i l  c u l t i v a t i o n  i s  r e l a t e d  c lose ly  
t o  the  ava i lab le  power at hand, e spec ia l ly  when t h e  
workabil i ty of s o i l s  is confined t o  few days only. The 
reduct ion of t i l l a g e  i s  l imi ted  due t o  t h e  necessary 
even d i s t r i b u t i o n  and i n t e r n a l  drainage of water. The 
e f f i c i e n t  use of t r a c t o r s  i s  impossible as long as t h e  
 lots a r e  too small and t h e  access  i s  d i f f i c u l t ,  
bnfor tunately  the  degree of mechanization of f i e l d  ope- 
r a t i o n  normally i s  not discussed i n  the  planning phase 
of i r r i g a t i o n  systems. 

References 

Gi les ,  Gel?.: The r e o r i e n t a t i o n  of a g r i c u l t u r a l  mecha- 
n iza t ion  i n  developing count r ies  FAO, Rome 1972. 

Singh, G. a.W. Chancellor: Energy inputs  and agr icu l -  
t u r e  production under various regiones of mechanization 
i n  Northern India- Transact ,  ASAS 1975, P. 252-259, 

Krause, H.: Bewasserung und angepal3te Mschanisierung,- 
Proceed. Tagung der 1. u. 3, techn. Sektion des CIGiI, 
Cordoba, Spanien 1977. 
Iirause, R.; Lorenz, 17, a. li'ieneke, F,: Bodenbearbeitung 
i n  den l'ropcn und Subtropen. - Berichte iiber Landwirt- 
s c h a i t ,  Ud. 56 (1978) 11.2, S c  308-328. 





The 8th Conference of t h e  In t e rna t i ona l  S o i l  T i l l a g e  Rese- 
arch  Organization, ISTRO, Bundesrepublik Deutschland, 1979  

Some Experimental Resul ts  of a  Newly - designed S o i l  
T i l l a g e  machine 

by Karlheinz Rol le r  

I n s t i t u t e  of Aqr icu l tu ra l  Engineering, 
Universi ty of Hohenheim, 7000 S t u t t q a r t  70 
Fed. Rep. of Germany 

One of today 's  most d i f f i c u l t  problems of s o i l  t i l l a g e  y e t  
t o  be solved is  t h e  incorpora t ion  of p l a n t  res idues  p a r t i -  
c u l a r l y  s t raw i n t o  t h e  s o i l  i n  such a way t h a t ,  on t h e  one 
hand, a  complete decay i s  quaranteed, and on t h e  o t h e r  hand, 
seedbed-preparation equipments and sowing-machines can s t i l l  
be used without  blockages. With plouqhless t i l l a g e  systems, 
t h e  incorpora t ion  of organic ma te r i a l s  inf luences  s o i l  
loosening and crushing.  For these  reasons s traw incorpora- 
t i o n  is of s p e c i a l  i n t e r e s t  i n  t h e  technology of g r a i n  
production. Such i n t e r e s t  has l ed  t o  t h e  development of a  
s o i l - c u l t i v a t i n g  machine which is  ab le  t o  incorpora te  s t raw 
i n t o  t h e  s o i l  a t  t h e  same opera t ion  a s  t h e  s o i l  is loosened 
and crushed. This  machine (design,  funct ion ,  power require-  
ments) has been described i n  t h e  ISTRO-Proceedings of 
1 9 7 6  (1). 
I n  t h i s  r e p o r t  r e s u l t s  of f i e l d  experiments wi th  t h i s  
machine can be found, 

Technoloqy's main t a sk  with regard t o  an optimum e f f e c t  of 
s t raw manurinq i s  t o  i n s e r t  it evenly i n t o  t h e  s o i l  t o  
assure  s u f f i c i e n t  con tac t  between s t raw and s o i l .  
This  t a sk  i s  no t  always f u l f i l l e d  by t h e  machines used i n  
p r ac t i c e .  This  nay be due t o  an unsa t i s fac to ry  chopping 
and an uneven incorpora t ion  of t he  straw. 

Therefore,  when a new tes t  machine is developed, it must 
no t  only have t o  m e e t  ~e demand f o r  a  uniform i n s e r t i o n  of 
s t raw i n  t h e  s o i l  but  a l s o  t h e  condi t ions  f o r  a  s a t i s f a c -  
t o r y  chopping and d i s t r i b u t i o n  has t o  be f u l f i l l e d .  

The ob j ec t i ve s  of t h i s  s tudy w e r e  t h e  following: 

1.) prepara t ion  of i d e a l  condi t ions  f o r  s t raw decay 
i n  t h e  s o i l  

2.) reduct ion  of s t raw concentra t ion  on t h e  s o i l  
su r f ace  t o  enable t h e  app l ica t ion  of conventional 
seedbed-preparinq implements and sowing-machines i n  
ploughless  t i l l a g e  systems. 



Fiqure 1 i s  a schematic diaqram of t he  test  machine. 

Fiqure 1: Schematic diagram of t h e  t e s t  machine ( 1 :  bas i c  
frame; 2: c h i s e l  t i n e s ;  3 :  r o t a r y  c u l t i v a t o r ;  
4: s t raw chopper; 5: guide p l a t e ;  6 :  mixing. space) 

This  method of incorpora t inq  s t raw i n t o  t h e  s o i l  with t h e  
new test machine d i f f e r s  from conventional methods a s  they 
a r e  used thus  f a r .  The most important d i f f e r ence  l ies  i n  t h e  
combination of chopping and incorpora t ion  of t h e  straw. The 
unchopped s t raw i s  spread by a s t raw d i s t r i b u t o r  a t  t h e  
combine harves te r .  Thus, unchopped s t raw i s  more evenly d i s -  
t r i b u t e d  on t h e  f i e l d  su r f ace  than it would be i f  it w e r e  
chopped before  spreading,  which s a t i s f i e s  t h e  main require-  
ment of uniform mixinq i n  t h e  s o i l .  

Besides an i n t e n s i f i e d  chopping of t h e  s tubb le ,  t h e  chopping 
of t h e  s t raw i n  connection with i ts  incorpora t ion  o f f e r s  t h e  
a d d i t i o n a l  advantaqe of e l iminat ing  poss ib le  blockages of 
t h e  incorpora t iona l  implements. 

The new machine, described i n  t h e  ISTRO-Proceedings of 
1976  (11, has been t e s t e d  on t h e  f i e l d  f o r  t h r e e  years .  The 
t e s t i n g  took place  on a loam s o i l  with a crop r o t a t i o n  con- 
s i s t i n g  of maize, winter  wheat and spr ing  bar ley ,  

Af te r  t h e  ha rves t  of these  crops ,  t h e  s t raw was i n se r t ed  in- 
t o  t h e  s o i l  wi th in  one pass of t h e  new machine. 
The c h i s e l  t i n e s  worked a t  a depth of 20 c m ,  t h e  r o t a r y  
c u l t i v a t o r  a t  10 cm with a working speed of 5 km/h. When t h e  
s t raw had been i n s e r t e d ,  winter  wheat was p lanted  a f t e r  
maize. Three weeks a f t e r  t h e  s t raw incorpora t ion  a spring-  
t i n e  harrow was used t o  subdue previous crop and weeds on 
t h e  wheat-barley-plots r espec t ive ly .  



The fields remained unworked until spring sowing. In spring, 
the seedbed was harrowed conventionally and sown with a 
seed-drill or-a spacing drill, 

Here, test results of this new method are compared with the 
results which had been found under the same conditions, at 
the same time and on the same site by application of a 
nlough. 

In the plouqhinq system, the straw was chopped and distri- 
buted after the harvest by a tractor-nounted chopper, in- 
serted by a rotary cultivator (depth '10 cm), then harrowed 
for weed-controllinq and ploughed in autumn (depth 20 cn). 
During the ploughing, the tilled straw was mixed in over a 
depth of 2 0  cm and the unifornity of the destribution in 
the soil was determined to compare it with that of the new 
method. For seedins, a snrinstine harrow was passed twice 
and then the seeds'were sown-with a seed drili or a spacing 
drill. 

Test results: 

straw incorporakion: 

An even insertion into the soil layer from 0 - 2 0  cm and 
a maxihum quantity of remaining straw on the soil surface 
of 10 percent (by presumption of straw quantities Up to 
12 t/ha) was expected. 

The actual evenness of straw distribution is compared with 
the ideal distribution within the mentioned limits. 

One index for evaluating the quality of straw insertion 
may be the deviation from the ideal distribution. In this 
study the standard mean deviation was used as a parameter 
for evaluating the straw incorporation. The more d de- 
creases, the better is the efficiency, and the more d 
increases, the worse the insertion effect. 

Table 1 summarizes the results of straw insertion by the 
new method in contrast to the ploughing system. 

straw from 

barley wheat 

1976 1977 1975 1976 1977 

test machine 486 9,O 8,s 5.0 

plough 24,2 11,1  37,8 19,5 18,8 

table 1: index of a straw insertiond ( % )  of different 
methods, 

A far more even insertion of straw [by equal quantities of 
straw) was obtained with the-new machine. The reasons for 
this result, obtained by the new machine are based on a 
more effective chopping (additional cho~ping of the stubble) 
and distribution (spreading of the unchopped straw by the 
distributor), 



These results are shown in Tables 2 and 3. 

straw from 

barley wheat 

1976 1977 1975 1976 1977 

test machine 4,1  4 r 1 4 , 9  3 , 9  3 , 9  

plough 6 ,6  784 4 , l  5 , 2  5 , 2  

Table 2: mean length of chops (cm) of different methods. 

: straw from 

barley wheat 

1976 1977 1975 1976 1977 

test machine 1 5 , 8  1 0 r l  4 ,6  7 , 2  4 ,4  

plough 2 1 , 3  27 ,4  33 ,4  3 4 , 7  31,8  

Table 3: distribution of straw (standard deviation in % )  
on the field before insertion 

I' 

soil looseninq 

The soil loosening effects of the test machine and the 
plough were investigated at different times of the year and 
for different depths of the soil with the help of a pene- 
trometer, 

Fiqure 2 shows the measured values for the years 1976 and 
1977.  

Fiqure 2: Soil resistance after different tillage 
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Each point is an averaqe of 1 0  tests. The values turned 
out to increase with increasing depth and reached a maxi- 
mum in summer for both methods. 

If the measured values are differentiated to the depth, no 
differences between the plouqhing and the test system can 
be found within a depth of 0 to 1 0  cm. At 1 5  cm, higher in- 
dexes of the test machine indicate a better loosening effect 
of the plouqh which is significantly more evident at a depth 
of 2 0  cm. 

Concerning the soil loosening effect, the plough ard test 
machine were equal down to a depth of 1 0  cm. Deeper layers 
were loosened more efficiently by using the plough. The 
spacing of chisel tines of 45 cm gave a reason for the re- 
duced loosening capacity of the test machine as the soil is 
merely broken up incompletly under wet conditions. 

Seedbed-preparinq 

One important criterion for evaluating a seedbed is the 
aggregate size of a soil. 

Table 4 shows the agqregate sizes of the soil after working 
on it with the test machine and a plough. They had been de- 
termined before the seedbed had been prepared for the crops 
mentioned in spring and autumn and are represented as mean 
weiqht diameters (mrn) . 

Table 4: mean weiqht diameters (m) from different methods 
before the preparing of the seedbed. 

winter-wheat I spring-barley I maize 

It is shown that the crushing effect of the test machine 
is evidently superior to that of the plough. The advantage 
of this fact is given by a reduction of at least one pass 
to prepare the seed-bed by using traditional harrows. 

1975  1 9 7 6  1977  1 4975 1976  1977  

test 5 6 , 7 3 9 , 4  34,2 48,2 8,4 44 
machine 1 

Yields, 

In table 5 yields of different crops after application of 
both systems are given. 

1 9 7 5  1976  1977  

31,6 9,4 49 

spring-barle winter-wheat 

103 1 1 0  95  
machine 
plough 100 1 0 0  1 0 0  1 0 0  

I 1 
Table 5: yields % obtained by using different methods. 



The differences in the yields of all crops lie within the 
limits given by differences of the soils, errors in sowing, 
fertilizing, plant protection operations, harvesting and the 
choice of the samples. 

The low yields of sprinq barley and maize of the year of 
1976 are to be blamed upon erosion losses, caused by an in- 
clination of the field where the test machine had been 
working. 

With conditions as they were discribed, the application of 
the test machine does not reduce the yields. Yield losses 
are not to be attributed to faults of the machine itself. 
Special advantages are to be expected under climatically un- 
favourable conditions on heavy soils (complete decomposition 
of straw, sowing in time, lower energy and labour require- 
ments) . 
As the insertion of straw, the loosening of the soil and the 
preparation of the seedbed have to be effected within the 
shortest possible time under these conditions, and especial- 
ly in connection with the cultivation of winter crops, the 
possibility of carrying out all working steps in only one 
pass is to be favoured. 
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1 .  Experiments 

During the period 1971-77 long term experiments were car r ied  out 
t o  Study the effectiveness and operating costs  of a range of cul t i -  
va t ion  machinery f o r  reduced cul t ivat ions  and d i rec t  d r i l l i n g  compared 
with t r ad i t i ona l  cul t ivat ions .  Other research s t a f f  monitored weeds, 
diseases,  pests and s o i l  aspacts. 

1 .I Measurements 

The experiments were done on repl icated plots  using plant 
establishment and crop yield  t o  gauge the s u i t a b i l i t y  of the cu l t i -  
vat ion technique. To prsvide information on treatment costs ,  power and 
labour requirements, measurements were made of width of work, depth of 
work, forward speed, ?-heel s l i p ,  draught and power take-off torque. 

Observations and measurements were car r ied  out i n  t he  s a i l  and on 
the crops t o  provide information on the numerous non-engineering 
aspects. 

The work was undertaken a t  three s i t e s  where cerea ls  were grown 
continuously f o r  s i x  years: 

a )  M.A.F.F. Experimental Husbandry Farm, Boxworth, near CambriQe, 
wbere winter w h a t  was grown on a c lay  loam s o i l .  

b) Rothamsted Experimental Station,  Redbourn, near Harpenden, where 
winter wkeat was grown on a s i l t y  loam s o i l .  

C) N.I.A.E., Silsoe, where spring barley was grown on a s i l t y  clay 
loam s o i l .  

1.3 Cultivation eauipment and operations 

The primary cu l t iva t ions  were pre-determined f o r  each s i t e  and 
generally remained the same throughout t he  period of the experiments. 

The implements f o r  the secondary cul t ivat ion,  whether i n  separate 
passes o r  i n  combined o s r a t i o n s  were chosen according t o  s o i l  
conditions a t  t h e  time of working the  land. A l l  p lo t s  on each s i t e  
were normally cul t ivated o r  d r i l l e d  on the same date when s o i l  
conditions were similar. 

The s t r a w  was baled before the s t a r t  of the experiments a t  a l l  
s i t e s  i n  1971. A t  Si lsoe,  where spriug barley was grown, baling was 



continued unt i l  1974/75 when tk whole area was burned due t o  weed 
infes ta t ions ;  i n  succeeding years baling was carried out. A t  t he  two 
winter sown s i t e s ,  the stubble was burned each year following 1971 
u n t i l  1975, when the straw was baled. 

Stubble cul t ivat ions  and/or spraying to  control  weeds before the 
primary cu l t iva t ion  was only carried out where necessary and ro l l i ng  
a f t e r  d r i l l i w  was done where required. Routine top  dressing of the 
crops with f e r t i l i z e r  and spraying was done according to  crop husbandry 
requirements. 

2 Results and discussion 

I S o i l  conditions 

The s o i l  a t  Si lsoe ( s i l t y  clay loam, Wicken se r i e s )  was generally 
t he  most d i f f i c u l t  t o  work and timing of machinery operations was most 
important t o  minimise s o i l  compaction produce a sui table  s o i l  
t i l t h .  

The s o i l  tit Boxworth (calcareous c lay loam, Hanslope se r ies )  was 
a l i t t l e  eas ie r  t o  work except i n  the extremes of weather conditions. 

Tho s o i l  a t  Rotnamsted ( s i l t y  loam, Batcombe ser ies )  was generally 
easy t o  manage and i t  was possible t o  carry out cu l t iva t ion  operations 
under r e l a t i ve ly  wet conditions. 

2.2 Primary cu l t iva t ion  implements 

Throughout the experiments t he  conventional plough perfomed a t  
low work ra tes  compared with the ch i se l  plough, shallow plough and 
r o t a r y  digger (Table 1 ) ;  the f a c t  t ha t  the ch ise l  plough normally 
required two passes meant t h a t  output was intermediate between the  
plough and shallow plough. 

The draught implements perfomed poorly on wet s o i l s  whereas the  
p.t.c. powered ro ta ry  digger led t o  negligible wheel s l i p  even i n  t h e  
most d i f f i c u l t  conditions. Under dry conditions some penetration 
problems were experienced with the shallow plough and also,  when the 
conventional plough and ch ise l  plough were operated a t  greater  depths 
(approx 200 mm), a ra ther  cloddy t i l t h  was produced. 

The best degree of inversion was produced with the conventional 
moulclboard plough but this did not appear t o  be of great  importance f o r  
cereals  i n  the  conditions experienced i n  the experiments. The shallow 
plough pr~duced a good degree of inversion end the rotary digger was 
effect ive on the heavier s o i l s .  

2.3 Secondary cul t ivat ion implenents 

The spr ing t i n e  cu l t i va to r  and disc  harrow were par t icu la r ly  
sui ted to  the l i g h t e r  s o i l s  o r  preparing a seed bed on the heavier 
s o i l s  w,h$re a degree of weathering had occurred. The disc  harrow was 
e f f ec t ive ly  used t o  incorporate straw on some non-ploughed treatments. 
A f inger  t i ne  harrow had par t icular  application on the heavy s o i l s  i n  
the  spring w h r e  it was important not t o  bring up unweathered wet s o i l  
from beneath the surface. 

The p.t.0.-driven ro ta ry  harrow and spiked ro ta ry  cu l t iva tor  were 
su i tab le  f o r  producing a t i l t h  f o r  a winter cerea l  seed bed from cloddy 
s o i l  and weedy conditions. 



Table 1 Work rates ,  costs  and energy requirements: Cultivation implemeiits and systems 

N . A .  = not applicable * 1 = Boxworth, winter wheat ** In  1976/77 only 1 pass of ch ise l  plough required 
2 = Rothamsted, winter wheat a Energy at the implement connection 
3 = Silsoe,  spr ing barley 



2.4 Combination implements 

Compared with t r ad i t i ona l  cul t ivat ions ,  combination implements 
considerably reduced labour requirements and s o i l  compaction. Bridging 
l ink3 enabled a choice t o  be made of d i f fe ren t  secondary cu l t iva t ion  
implements according t o  the  s o i l  conditions. Due t o  a number of 
f ac to r s  including reduced costs  and labour requirements, g rea te r  weed 
control ,  and the action of natural  weathering, the minimum number of 
passes f o r  cereals  following cereals  was two. 

2.5 Direct d r i l l i n g  

The main advantage of t h i s  technique was the high work r a t e s  
(Table 1 )  possible f o r  both spraying and d r i l l i ng ,  which enabled a very 
large area to  be covered by one man and t rac tor .  Whilst i n  many 
conditions performance was sa t i s f ac to ry  the d i rec t  d r i l l  used i n  the 
experiments was r e s t r i c t ed  by, wet s o i l  conditions par t icular ly  on 
heavy s o i l  f o r  spring barley, an uneven stubble surface, the presence 
of cereal  stubble o r  chopped straw and a lack of t i l t h  under hard and 
dry s o i l  conditions. 

2.6 Costs - 
The primary cu l t iva t ion  absorbed the major part of the cost of the 

t i l i a g e  rocess with the conventional plough the most expensive. 
(Table 1 7  Two pass cul t ivat ions  based on the ch i se l  plough, shallow 
plough o r  ro ta ry  digger which are capable of sa t i s fac tory  weed control  
were the cheapest. Costs f o r  direct  d r i l l i n g  were generally higher 

than the best reduced cul t ivat ions  but this depended on the concen- 
t r a t i o n  of spray material  and frequency of use. 

2-7 Straw burning 

Burning the straw and/or stubble i s  essen t ia l  t o  the success of 
present direct  d r i l l i n g  techniques and i t  reduces the problems of 
reduced cu l t iva t ion  systems. The main advantages appear t o  be a 
reduction i n  volunteer cerea l  and weed seeds, increased crop production, 
fewer mec:hanical problems a t  d r i l l i n g  and a saving i n  time and labour. 

2.8 Crop yields 

hihen considering overai l  crop yields f o r  a o ~ r i o d  of years the  
only treatment which was s ign i f ican t ly  lower than mouldboard ploughing 
w a s  d i rec t  d r i l l i n g  a t  Rothmsted and Silsoe.  (Table 2) The main 
reasons f o r  t.%s =re  the r e s t r i c t i ons  described i n  sect ion 2.5. 

However, the 1973/74 season produced unexpected r e s u l t s  a t  
Boxworth wh:?re the yields from most of t he  treatments were s ign i f i -  
cant ly  lower than mouldboard ploughing: this may have been due to  
higher crop lodging on non-ploughed plots.  I n  the very dry year of 
1975/76 the d i rec t  d r i l l i n g  and ro ta ry  dug plots  prod.~ced s ign i f ican t ly  
higher yie lds  than moul3bosrd ploughing a t  Boxworth due probably t o  a 
grea te r  conservation of moisture. 

2.9 Needs, s o i l  fauna and diseases 

weeds were i n  almost every case suppressed adequately s o  that weed 
competition was not a factor  i n  determining yield.  Exceptions may ,have 
occurred a t  Rothamsted i n  1976 and a t  Boxworth i n  1973, par t icular ly  on 
t h s  direct  d r i l l i ng ;  i t  i s  importmt t o  maintain a high level  of 
management of herbicides f o r  direct  d r i l l i ng .  



Table 2 .  Crop yields 

(tonnes/ha, 857; dry matter) 

i r e c t  D r i l l  

+ Last 3 yrs ++ A t  Silsoe the treatments consisted of ch.pl (1  followed by spraying 
The f igures  underlined are s ign i f ican t ly  d i f fe ren t  from the conventional 
plough treatment ( p  5 0.05) 

* The s i t e s  are a s  i n  Table 1 .  S.E. = Standard S r ro r  



Numbers of most species of invertebrates were grea te r  i n  the s o i l  
i n  which d i rec t  d r i l l e d  crops were grown.  able 3) Attacks by s l u m  
were much l e s s  serious a f t e r  ploughing and other cult ivations than 
a f t e r  d i rec t  d r i l l i ng .  Attack by stem-boring f l y  larvae tended t o  be 
greater  i n  crops i n  ploughed s o i l  than those d i rec t  d r i l l sd .  Numbers 
of L. t e r r e s t r i s  were 13 t o  5 times grea te r  with d i rec t  d r i l l i n g  
(except a t  Silsoe where there were consistently more L. t e r r e s t r i s  i n  
ploughed plots)  than with ploughing but numbers of other  species 
dif fered much less .  

There were no d i rec t  correlations between diseases and cu l t iva t ion  
treatments a t  any of the s i t e s .  The take-al l  in fes ta t ion  a t  Rothamsted 
i n  the ea r ly  years of the expriment was considered t o  be due t o  the 
run of previous cereal  crops grown on this land. 

Table 3 
Numbers of soi l - inhibi t ing inver tebrates  sampled 

a t  Boxworth, 1974-78 

Earthworms 

L. t e r r e s t r i s  

Other s p c i e s  

S o i l  Arthropods 

Springtai  1s 

Shoot Boring Fly Larvae 

* Not sarnpled i n  1974 
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Development and Performance o f  a New High Speed Rotary Digger 

Chamen, W.C.T.; Cope, R.E. 

N.I.A.E., Wrest Park, Silsoe, Bedford MK45 4HS, England 

Abstract 

The benef i ts  of a power take-off driven primary cil l t ivator a r e  
iden t i f ied  and the development o f  a high output machine i s  described, 
B i t e  length was found t o  be the most important var iable  since t h i s  
r e s t r i c t ed  ot:?er parameters t o  cer ta in  values, 

1. Introduction 

The idea of a rotary digger i s  nothing new. Several of these 
machines have been made but they have all worked deep (200 mm) and 
have employed la rge  blades on a la rge  radius ro to r  (approx. 0,5 m ) .  
They have produced a very coarse t i l t h  and t h e i r  work output has 
seldom exceeded t h a t  of the plou@. 

Work on a rotary digger s t a r t ed  a t  the N.I.A.E. when r e su l t s  
from a long term t i l l a g e  experiment on cereals1 highlighted 
the shortcomings of more t r ad i t i ona l  methods of cul t ivat ion.  These 
were: 

1. 200 mm deep ploughing had a low output (approx, 0.5 ha/h) and 
of ten produced cloddy seedbeds, 

2. Providing t rac t ive  power on heavy s o i l s  could be ine f f i c i en t  and. 
often l e d  t o  s o i l  compaction and smear, 

Although ro ta ry  diggers could not completely inver t  the s o i l ,  
they had great  po ten t ia l  f o r  el iminating these problems, Work w a s  
therefore aimed at developing a machine with improved output and 
a b i l i t y  to produce a medium t o  coarse t i l t h  on a range of s o i l s  but 
pa r t i cu l a r ly  on the heavier clays. 

2. Desim Approach 

Development of the  machine was appmached in two ways: 

1 Construction of an experimental machine, 

2. Study of previous work on similar machines to  provide inform- 
a t ion  on pa r t i cu l a r  aspects of design. 

The experimental machine consisted of a horizontal  ro to r  with 
L-shaped blades (on one s ide  of the flanges only) working t o  a depth 
of 100 mm. A b i t e  length ( ~ i ~ .  1) of 200 mm w a s  se lected i n i t i a l l y  
and ch i se l  t i n e s  were introduced behind the ro to r  to s t a b i l i z e  the  
machine. 

Study of e a r l i e r  work provided information on blade mount$g 
angle and the re la t ionship between ro to r  variables.  Work by S o h e  2 



3 
and 3ernacki suggested thatothe optimum mounting angle ofothe blade, 
( ~ ' i g .  1) should provide a 20 cu t t ing  angle a f t e r  about 10 of 
ro ta t ion  in the s o i l .  When work w i : h  the experimental machine 
provided information on the b i t e  length required, the blade mountings 
were modified to  achieve the appropriate angle. 

2.1 Rotor Variables 1nvesti.gated The main variables investigated to  
give the type o f  wo.ck required w i t ' ?  the minimum power input were: 

B i t e  length; 150, 170, MO and 240 mm 

Ro5o.c radius; 0.25, 0,30, 0.33, 0.36 and 0.38 m 

Number of blades per  flange; 2, 3, 4 and 5 
Blade design; L-shaped, C-shaped and extended span blades 

Configuration of blades on the ro to r  

3. Measurements and Field Procedure 

Detailed f i e l d  measurements were carried out on a 1 ~ 8  m wide 
machine a t  a number of s i t e s  t o  assess the e f fec t  of the above 
variables.  Runs 50 m long a t  various forward speeds were s e t  out in a 
randomised p lo t  e x p e r i m ~ ~ k  having 3 repl icas  of each treatment, Depth 
was controlled by a s i n g l i  depth wheel and the t r ac to r  linkage; depth 
was a lso checked a f t e r  each run to ensure va l id  comparisons could be 
made between treatments. 

and p.t.0. power were measured by a three point linkage 
dyn$2%Y and a p o t o o o  torque/speed transducer respectively,  
Dig i ta l  recordings on magnetic tape were ther~  analysed by computer, 
and regxession l ines ,  s ign i f ican t  a t  the 95% level ,  were f i t t e d  to  the 
data.  S t a t i s t i c a l  analysis of the r e s u l t s  provided infor;oation on the 
confidence with which one could consider the data from one s e t t i n g  
having come from a d i f fe ren t  population fmm tha t  of another, 

To ensure a common bas i s  o f  compparison between treatments, b i t e  
length ard depth of work were kept constant except where these para- 
meters were themselves being investigated, 

4. Results and Discussion 

4*1 Bi te  Length Results shoned tha t  f o r  a par t icu la r  s e t  of m t o r  
variables,  power decreased with increase i n  b i t e  length (Fig. 2). I n  
most cases the difference was s ignif icant  even wiVn small increases 
of 20-30 mm. Thus the  250 mm bi te ,  selected by subjective f i e l d  
assessment as  the optimum f o r  the t i l t h  required, was a lso idea l  in 
terms of power requirement. The main reason f o r  the  reduction in 
power was almost cer ta in ly  the reduction i n  ro to r  speed with increase 
i n  b i t e .  

4.2 Rotoc Radius An increase in radius caused an increase in power 
requirement. This was o f  the  order of 8% at 5 bm/h when the radius 
was increased from 0.33 m to  0.38 m with a given number of blades, 
The increase was the combined e f f ec t  of a 15% increase in radius arm, 
a reduced value of average torque ( a t  the  same angular veloci ty  the 
cu t t ing  time per  blade i s  reduced) and an increase i n  the cross- 
sect ional  area  of the clod, 

4.3 Number of Blades per  Flange An increase i n  number of blades p e r  
f lange f o r  a given b i t e  length and ro to r  d iase te r  reduced power 



requirement, Fig. 3 shows the r e su l t s  f o r  3, 4 azd 5 blades, all of 
which required a s ign i f ican t ly  d i f fe ren t  l eve l  of power input. Rotor 
speed i s  probably the  main fac tor  in the reduction although in t h i s  
case a s  blade numbers increase, the cu t t i ng  path length of the blade 
i s  reduced and also the cross-sectional area of the clod removed, 

4 -4  Blade Desigp Experiments showed tha t  f o r  our par t icu la r  
application it was preferable to  use the L-shaped blade. The C-shaped 
blade, although requiring about 10% l e s s  t o t a l  power, moved 10% l e s s  
s o i l  and increased the draught requirement considerably, 

Extending the span of the blade generally increased power 
requirement, and t h i s  w a s  s t i l l  the case where the increased span was 
accompanied by a reduction in the number of flanges. No reasonable 
explanation can be a t t r ibu ted  to  t h i s  l a t t e r  case. 

4.5 Flange Spacing Soi l  movement in the l a t e r a l  gap between the 
t i p  of the blades on one flange and the  shank of those on the next 
needed improving. This improvement was brought about by two factors ,  
increased b i t e  length from the i n i t i a l  X)O mm to  250 mm and reduced 
flange spacing from 255 mm to 240 mm. Increase in the span of the  
blades, as  mentioned above, resul ted in an unacceptable increase in 
power requirement while reduction in flange spacing did r o t .  

4.6 Confiauration of Blades on the Rotor This aspect was studied 
to  improve penetration of the machine i n  very hard conditiocs, The 
ro t3 r  was designed so tha t  there was an equal angular distance in the 
r a d i a l  plane between each blade on the rotor .  This requirement had t o  
be reconciled with a s c r o l l  which w a s  selected f o r  each width of ro to r  
and provided f o r  interact ion between blades i n  the s o i l ,  

4.7 SoilB1ockaa;es in the Rotor This occurred on heavy s o i l s  which 
were in a moisture condition between the p l a s t i c  l imi t s .  The bes t  - 
solut ion t o  the problem was found to  be a simple s p m g  t i n e  inser ted 
in the rad ia l  plane from the r ea r  of the machine to  a point jus t  
c l ea r  o f  the  ro to r  tube and in the gap between s e t s  of blades 
(Fig. 4) .  This largely prevented s o i l  from s t a r t i n g  t o  bui ld  up on 
the tube and thus f o r  all prac t ica l  purposes overcame the problem. 

5. Specification o f  Rotor Variables 

Consideration of a l l  the fac tors  involved i n  the  performance of 
the machine l e d  to  the following design: (i) 4 L-shaped blades per  
flange; (ii) Rotor radius 0.38 m; (iii) Flange spacing 240 mm; 
( i v )  B i t e  length 250 mm; (v) Depth of work, 100-150 mm ( ro tor ) ;  
(v i )  Chisel t ines ,  1 per  3 flanges, 150-300 mm deep. Some compromise 
was necessary between the power requirement, the t i l t h  required and 
the torque loading on the transmission, but overal l  the specification 
did allow the machine to  work in as  wide a range of conditions as  
possible. 

F ie ld  Performance 

Table I shows the r e s u l t s  of experiments where d i f fe ren t  t i l l a g e  
techniques were compared a t  3 s i t e s  on the same p lo t  f o r  4 years, 
Comparison of the  y i e ld  of cereals over the 4 years and between the 
plough treatments and rotary digger showed no s i g i f i c a n t  difference. 
Measurements of s o i l  s t ruc ture  and cone res is tance were also taken and 
r e s u l t s  from the three treatments were very similar. 



Table I Machine and crop performance 

Cultivation system 

Shallow plough + combined 
cu l t iva tor  and d r i l l  

I I I I I I I I I 

R6'tary digger + combined 
cu l t iva tor  and d r i l l  

- 

* Spot r a t e  of work reduced by f i e l d  efficiency f ac to r  

o Chisel t i ne  depth 

+ Measured between t rac tor  (56 kY1 D I N  engine) and implement 

Sites:-  B, Boxworth, W, Wheat, clay loam; R, Rothamsted, W, Wheat, s i l t y  loam; 
S, Silsoe,  S. Barley and S. Beet, s i l t y  clay loam. 



Work r a t e s  were of the order of 1 ha/h, while energy applied to 
the s o i l  w a s  no d i f fe ren t  from tha t  f o r  ploughing. Energy per hectare 
was l e s s  f o r  rotary digging than f o r  conventional ploughing but only 
70% of the s o i l  was moved to ch ise l  t i ne  depth with the rotary digger. 

Experiments with sugar beet over a period of 2 years showed there 
to  be no s ignif icant  difference i n  y ie ld  (Table I) or  qual i ty  of the 
beet following rotary digging and ploughing. 

Performance i n  a wide range o f  crop residues, including cereals,  
maize, oilseed rape, grass, potatoes, sugar beet, lucerne, peas and 
brussels sprouts, has been sat isfactory.  Some d i f f i c u l t i e s  occurred 
i n  cer ta in  conditions when residues wrapped around the cu t t i ng  edges 
of the blades, but t h i s  occurred infrequently. 

Experiments to  measure the wear of the blades showed tha t  they 
would cover between 5 and 15 ha/flange, The blade w a s  assumed t o  be 
worn out mnen 2.0 mm had been l o s t  from i ts  130 mm span, Calculation 
of the  spec i f ic  wear o f  the ro tor  blades was similar to  t ha t  found on 
ch ise l  t ines .  

7. Conclusions 

5 .  
A power take-off driven machine was developed whlch has an output 

about double t ha t  of e a r l i e r  designs of ro ta ry  digging o r  spading 
machines. Although only about 70% of the s o i l  was moved to  the 
working depth of the  chisel  t ines  (approx, 2.00 mm) performance of 
sugar beet and cereal  crops were equal t o  those following the 
conventional plough, - 

Complete inversion o f  the s o i l  has not been achieved but a good 
degree of crop residue incorporation has provided few problems with 
following operations. The design, based on a 250 mm b i t e  length, has 
4 L-shaped blades on a radius of 0,38 m. The provision of ro to r  
cleaning t i n e s  and a sui table  blade configuration allows the machine 
to work in a wide range of conditions. 
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GEOMETRICAL METHOD FOR CLASSIFICATION OF MOLDBOARDS 

By J. L. Hernanz and J. Ortiz-Cafiavate K) 

Dept. Mecanizacibn Agraria, Madrid (Spain) 

ABSTRACT 

In this work a method of measuring is established for deter- - 
mining the coordinates of a ser ies  of points of the moldboard dis- 
tributed uniformly over i ts  surface and outline. Taking them a s  ax 
starting point, a se r ies  of functions a r e  asigned them by minimum- 
square numbers where the dependent variant i s  explicit. The one -- 
whose residuals a r e  minimum is defined a s  the Equivalent Equation. 

With this function a se r ies  of parameters a r e  determined -- 
which serve to establish a geometrical classification of the mold --A? 
boards, by means of a coefficient called "rate of warping", obtaining 
the following kinds of moldboards: cylindrical, semicylindrical, uni - 
versal,  universal-warped and warped. 

INTRODUCTION 

This research work is centred on the characterization of the 
shapes of moldboards used in Spain, in order to establish a classifi - 
cation of the same. The following considerations were taken into - 
account: 

1) From the purely geometric point of view moldboards a r e  pieces- 
whose macrosurface o r  body is contained in another, defined in 
this work a s  the Equivalent Surface which in the majority of the- 
cases i s  unknown. 

2) Until now neither the body nor the edge have been defined in a -- 
constant way in view of the complexity of their shapes, in which- 
many manufacturers and even researchers  follow subjective c r i  - 
teria for their determination. 

3) Most of the studies carried out a r e  based on graphic methods --- 
( S ~ H N E ,  1959), (REED, 1941), (ASHBY, 1931), in which the pie 
ce is partially defined by contours, o r  shape lines in one o r  s e r  
veral  directions, and also by isolated points which give us a corn - 
plete idea of their geometric characteristics. 

w) Dr. Ing. Agr. J. L. Hernanz is Assistant Professor and J. - 
Ortiz-Ca~avate is Professor at  the Pblytechnic University. - 
Madrid. 



4) The analytic studies a r e  limited generally to establishing some 
of the shape lines previously mentioned, deduced from experi-- 
mental studies. Also in some of them they presuppose that the- 
equation which defines the moldboard is known, the latter being 
simple in order not to  complicate too much the theoretical stu-- - 
dies of the behaviour of the soil on i t s  surface. 

5) There is great dispersion with regards to defining the surface of 
the body by means of analytic expressions, these being based on 
observation and even on personal intuition. In this way surfaces 
a r e  specified a s  hyperbolic paraboloids, elliptic paraboloids -- 
(ORTIZ-CARAXTATE, 1976),  and a s  f a r  a s  the shape lines a r e  i 
concerned, one talks of a r c s  of circle, catenaries, exponentials, 
helical a r c s ,  etc.. . . (NICHOLS and KUMMER, 1932). 

6)  A complete theory of the behaviour of the soil on the body of the 
plow is lacking from which the ideal shapes of moldboard can be 
obtained based on some final objectives for a known kind of soil 
and climate. 

Consequently this research is situated in the ambit of ana- 
lytical quantification, for m a b o a r d  surfaces designed on the basis 
of subjective, intuitive cri teria which have given r i se  to different- 
shapes, used in almost 90% of the moldboard plows in Spain. 

MATERIALS AND ANALYTIC METHOD 

To s ta r t  with the coordinates of the body pcints were deter- 
mined by means of an apparatus called a "Coordinatometer"(fig. fl 
which, by means of a system of boards, perforated with holes spa 
ced at inter , is crossed by some steel  rods which- 

allow the displacement with resped 
to  the board, once the rods have - 
touched the inner surface of the pie 
ce. The situation of the hole gives- 
u s  the coordinates x l  and y l ,  whilst 
the displacement of the rod gives- 

Afterwards the poi~ts of the p 
file a r e  measured in the same p o z  - 
tion a s  for  those of the body, but- 
using a different system which is- 
quicker than the previous one. In- 

3a,,line~rder to  do so, a square is  used - 
( X I  axis) which serves  to mark the projec-- 

tion of the said profile on a sheer- 
of paper divided into milimetres- 
(fig. 2). a ser ieo of points being - 

Fig. f .  - PerspGctive fixed along the outline. The coordi 
of the Coordinatometer. - 

nate z is measured on the square- 
by means of a rule which one leans on the point to be measured -- 
and on the corresponding one to that of the projection. The other- 
two coordinates a r e  determined directly on the milimetred paper. 



Fig.2.- Pro-  
jection of the 
moldboard - 
irPo the plane 

X1 *1 

(At the present time we a r e  using photogrameti-ical methods to de- 
termine in a quicker way the coordinates of the moldboard surface?. 

Once the points of the body and outline have been obtained, - 
approximately the same in number, they a r e  given a ser ies  of func - 
tions by minimum squares with the explicit dependent variant. 

3 2 2 3 2 2 z - b x  t b x y  + b x y  + b 4 y 1 t b x  t b x y  + b 7 Y l + b X  + 1 1 1  2 1 1  3 1 1  5 1  6 1 1  8 1 

From the analysis of the remainders we establish a s  the -- 
EQUIVALENT EQUATION (fig. 3) ~ h e  first of these functions a s  the 
values which these present a r e  inferior to those of the other two e - 
quations, in fact even i ts  distribution is more homogenous. 

K 

Fig. 3. - Axonometric 
perspective of the mold - 
board H-2R, 

Xl 



Afterwards, to each of the parts  which make up tile projecq- 
tion of the profile a kind of curve is adjusted, according to i ts  shape, 
obtaining: 2 

Fo r  the upper edge: y = c x t c x + c 
1 1 1  2 1  3 (4) 

Fo r  the furrow edge: y = d x + d 1 1 1  2 :5) 

On the edge of the furrow wall a plan is added of :he form-- 
Ax + By + Cz = 0, which on placing the moldboard in the working- 

1 . 1 .  
poslition obllges i t  to  coincide with the furrow wall, that is 2'0. F m  
here  the angles of turning 0 and Lf a r e  obtained, necessary to car - 
ry  out the changing of axes. 

By substituting and identifying coefficients one obtains: 

The equations of change a r e  given by: . v 

B 6 = a r c  tg- 
C 

0 sen 'P 
cose s e n @ .  c o s q .  

- s e n e  cos f3 . cosy  

Starting out from these values the parametrical equation of- 
the surface may be deduced referring to the axes of the soil(X,Y, Z) ,  
that is: 

x = x ( X , / A )  ; y = y ( X , p )  ; z = z ( h , , u  ) ( 9 )  

establishing for  the various pr'dfiies a relationship betweeny and A 
a s  from: 2 

p = c  x + c  x + c  
1 2 3 

f = d  X + d 2  
1 

i l  

RESULTS OBTAINED 

With the Equivalent Equation we establish a se r ies  of para-  
meters  from which a classification is established, taking a s  a bas'is 
the following considerations: 

x 

y 

z 
i 

1) One s ta r t s  out from that surface which best adapts to  the shape of 
the moldboard, without considering the influence of the kind and- 
conditions of the soil. 

(6) 

2) The classification refers  to the body of the moldboards without; 
the outline being taken into account. 

3) It allows for comparaison of moldboards of different sizes. In ba - 
sis on this we define the following parameters (fig. 4) 

- maximum length (1 ), on the axes of measurement. m 

- maximum height (hm) , on the axes of measurement. 

- point of reference (z ) corresponds in (figure 4) to the dis 
1 - 

tance AG, being defined by the expression: 



- point of reference (z ) co 2 - 
rresponds in (fig. 4) to- 1 the distance FB, being de - 

h,,, fined by the expression: 

. 100 (11); 

yl=  hm 

- point of reference (z  ) co 
Fig:. -Surface of the moldboard shape rresponds to the dis?anc; 
and dimensions z l ,  z2 and z3. CD, and is defined as:  

f (xlyl) 
Z = 

1 
,100 (12) ; x = 0 ; y = h  

3 1 1 m m 
z z and z a r e  expressed in 70. 
1' 2 3 

If, moreover, we establish that y = h is the same a s  100 
and we project on the plan YIZl (fig. 5). t i e  r a a t i v e  position of the 
two extreme curves gives us an idea of the warping of the moldbaani. 

ci = a r c  tg I z2-z1-z3 100 I (14) 

Starting from Z1, Z2  and Z3, we a l  - 
s o  define: 

- Angle O( . It is that which is for 
med by the straight lines OZ3 tog; - 
ther  with Z1Z2, i t  is expressed by: 

- Relation i: This is defined as :  - 

1 (Z2-zl-z  ) 100 
3 

0 
I 7  z1 

in which the sign tells us if the straight lines OZ3 and Z Z inter- 1 2  
sect  o r  not at  the interval (0.100) of the axis Y1, which we a r e  con - 
sidering. On the other hand, if i > 1 i t  indicates to  us that on the - 
surface adjusted the external part  of the moldboard predominates, 
that i s ,  that which does not enter into contact with the soil  during- 
turning. 

031 

Fig. 5. -Projection on 
the plane Y Z . 

1 1  
As the denominator differs relative- 
ly slightly f rom 10. 000 we may c o g  
sider that : 



If, on the contrary, i 1 i t  indicates that the lower part pre- 
dominates. The minimum value of the difference of reference points- 
Z - Z is made to be 1 mm so  that "i" doesn't become infinite.. 

2 3' 
On the basis of these last two parameters we define the RATE 

OF WARPING as: 
K =  In (100 . i . d ) (16) 

i and 0( (rad) being given in absolute value and it occurring that -- 
warping increases with K. 

The classification proposed after studying various coefficients 
in which i is related with d the following groups a r e  established: 

CYLINDRICAL .......... .. ......... K  L- 1 , 5  
SEMICYLINDRICAL ................ 1 . 5 L K  & 3 
UNIVERSAL ....................... 3 L K  L 4,5 
UNIVERSAL-WARPED .............. 4.5 4 K  & 6 

Classifica- 

boards in - 

- 
te  of war-- 

!i781-310,8(85/0.3798 /1~6,217,141-7.07111.3 1-0,333 /0,25:! 1 2 , 1 8 0  1 semic$./ 
I 



In Table 1 the values obtained a r e  presented fo r  the 22 mold 
boards considered, order ing  them f o r  values of K f rom leas t  t o  g~ 
test .  One is able  t o  appreciate  that this classification adapts ve ry  - 
well t o  the reali ty,  as the groups obtained correspond to  the  denomi 
nation used by the  manufacturers  and the i r  action in the so i l  is equT - 
valent between moldboards of the s a m e  type. 
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ABSTRACT 

It is explained t h a t  t h e  ro t a ry  t i l l a g e  r e s i s t ances ,  a s  t h e  ex- 
t e r n a l  forces  t o  t h e  machine from s o i l ,  cons is t  of t h e  r a d i a l  suc- 
t i o n  fo rce ,  c e n t r i p e t a l  fo rce ,  t u rn ing  r e s i s t a n c e  and l a t e r a l  
force.  The t u m i n g  r e s i s t a n c e  can be a l s o  divided i n t o  two r e s i s -  
t ances  a c t i n g  on t h e  longi tud ina l  por t ion  and t i p  of t h e  blade. 
With these  p r i n c i p l e s ,  it is  reported t h e r e  is an ana ly t i ca l  way 
t o  obtain  t h e  ac t ing  cen t re  of all t h e  r o t a r y  t i l l a g e  r e s i s t ances  
a c t i n g  on t h e  t i l l e r .  The experiments and theo r i e s  a r e  analyzed 
with Japanese r o t a r y  blades  and t i l l e r s  mainly, i n  considerat ion 
of European blades  and plough dynamics a lso.  

I. FOUR EZEMENTS OF A ROTARY TILLAGE RESISTANCE 

There a r e  many achievements of t i l l a g e  torque r e s i s t a n c e s  on a  

r o t a r y  blade o r  a  r o t a r y  t i l l e r  with t h e  parameters of t i l l a g e  

depth,  t r a v e l  speed, r o t a t i o n  speed and s o i l  condition. It is, 

however, necessary t o  make t h e  loading c h a r a c t e r i s t i c s  of t h e  ex- 

t e r n a l  fo rces  ac t ing  on t h e  r o t a r y  t i l l e r  c l e a r ,  i n  t h e  case of 

t h e  r o t a r y  t i l l a g e  r e s i s t ances  used f o r  t he  dynamic ana lys i s  on 

machine motion. It is defined t h a t  t h e  ex te rna l  fo rces ,  a s  t h e  

t i l l a g e  r e s i s t a n c e  of t h e  r o t a r y  t i l l e r ,  cons is t  of fou r  elements 

a s  follows: 

1 )  Radial Suction Force, A s :  There i s  a  s o i l  t i l l i n g  phenomenon 

a t  t h e  t i p  of t h e  b lade ,  s imi l a r  t o  a  plough, as shown i n  Fig. 1. 

The ex te rna l  fo rce  t o  t h e  blade t i p  is divided i n t o  two component 

fo rces  of A s  on t h e  r ad ius  d i r e c t i o n  and a t u rn ing  r e s i s t a n c e  A%+, .  
V 

The author c a l l s  t h e  A s  " Radial Suct ion Forceti. This f o r c e  has 

t h e  e f f e c t  of t h e  s ink ing  phenomenon of t h e  t i l l e r  blade i n t o  s o i l .  



Fig. 1  At1 a i d  A s  Fig. 2  At2 and Ae 

The coe f f i c i en t  of t h e  r a d i a l  suc t ion  force  is defined as 

f 011 ows: 

A s  2 AklAz, 

The value of Akl f o r  t h e  blade-tip can be presumed with t h e  prin- 

c i p l e  of t h e  l i n e  of d r a f t  f o r  plough dynamics. This value d i f -  

f e r s  with scoop-angles of t h e  blade-tip. 

2 )  Cent r ipe ta l  Force, Ae: A s  shown i n  Fig. 2,  t h e  edge-curve 

of t h e  longi tud ina l  por t ion ,  similar t o  t he  shank of an European 

blade,  i n t e r s e c t s  t h e  r ad ius  d i r ec t ion .  The angle a between t h e  

r ad ius  d i r ec t ion  and t h e  tangent of t h e  edge-curve is named 

" Edge-curve a n g l e v  of t h e  r o t a r y  blade?'~his por t ion  ought t o  

rece ive  a tu rn ing  r e s i s t a n c e  At2 and a  component fo rce  Ae t o  t h e  

cen t re  of ro t a t i on .  The author's group c a l l s  it "Centr ipetal  

Force" of t h e  r o t a r y  t i l l a g e  res i s tance .  This  fo rce  has t h e  

e f f ec t  of t h e  pushing phenomenon of t h e  t i l l e r  blade of f  t h e  s o i l -  

The coe f f i c i en t  of t h e  c e n t r i p e t a l  fo rce  is defined a s  follows: 

Ae P Ak2At2 

Ak2 f o r  t he  longi tud ina l  blade d i f f e r s  with edge-curve angles. 

3 )  Turning Moment Resis tances ,  A t q  , Ax2 and A x  : The r e s u l t a n t  

force  of A t 1  and At2 i s  A t  which is t h e  t o t a l  tu rn ing  r e s i s t a n c e  

of a  blade a t  t h e  moment. This r e s i s t a n c e  A t  was s tud ied  by m a n y  

s c i e n t i s t s  i n  t h e  p a s t ,  a s  mentioned above. 

Triangle-l ike pa t t e rns  were reported i n  t h e  case of t h e  til- 

l age  r e s i s t ance  o f  an European blade. The r e s i s t a n c e  p a t t e r n  of 

one blade should be e f f e c t i v e  t o  t h e  s imulat ion o f  t h e  t o t a l  to r -  

que r e s i s t a n c e  of a  r o t a r y  ax le  i n s t a l l e d  with mult iple  blades.  



It is necessary t o  formulate t h e  bas i c  equation ava i l ab l e  t o  

al l  c u t t i n g  p a t t e r n s  on t h e  s o i l  sur face ,  as shown i n  Fig. 3. The 

q u a d r i l a t e r a l  p a t t e r n s  l i k e  ABCD i n  Fig. 4 a r e  useful  f o r  good s i m -  

u l a t i o n  a s  shown i n  F ig .5 ,  i n  t h e  case of a maximum depth of cut  
4) 5) 

and hard s o i l ,  7 t o  10  kg/cm2, with a Japanese blade. Area AEF 

and G H I J D  mean t h e  work of t h e  longi tud ina l  por t ion  and t i p  res- 

pect ively.  Their  r a t i o  d i f f e r s  with ac tua l  t i l l i n g  p i tches ,  Pa, 

(Fig.  3)  and t h e  r e l a t i v e  l oca t ion  of adjacent blades. Pa should 

be c a l l e d  "Actual Pitch",  while P i s  "Apparent Pi tchM. It i s  i m -  

por tan t  f o r  t h e  ac tua l  p i t c h  t o  be one of t h e  parameters in  t h e  

equations of torque pa t te rns .  F ig .6  shows t h e  peak torques  and 

work c h a r a c t e r i s t i c s  of t h e  quadr i l a t e r a l  por t ion  and t h e  t i p  of a 

blade. When t h e  ac tua l  p i t c h  is about t h e  same length  as t h e  t i p  

width o f  a blade,  t h e  t o t a l  t i l l a g e  work is equal ly  divided t o  t h e  

longi tud ina l  and t i p  por t ions ,  a s  Z + 0.5 (Fig. 6) .  

4 )  La te ra l  Force, A l :  A generat ing mechanism of t h e  l a t e r a l  

fo rce  A l  a c t i n g  on t h e  blade d i f f e r s  with types of t h e  blade edge, 

a single-edge o r  a double-edge? Howeve%, t h e  l a t e r a l  fo rces  on 

many blades  can balance and deny each other. This means t h e  rota-  

r y  t i l l e r  can till and t r a v e l  s t r a i g h t  i n  general .  

THE IMAGINARY ACTING POINT OF THE ROTARY TILLAGE FZSISTANCE 

The t r a c t o r  motion ana lys i s  of ploughing can be done on t h e  

b a s i s  of t h e  a c t i n g  cen t re  point  of ploughing res i s tances .  It is  



Fig. 7 I Fig. 8 

External Forces a c t i n g  Ex-ternal Forces ac t ing  on 
on Blade-t i p  Longitudinal Po r t  ion 

poss ib le  t o  develop a b e t t e r  ana lys i s  on t h e  machine dynamics and 

design theo r i e s  of t r a c t o r s  and r o t a r y  t i l l e r s ,  i f  t h e  l oca t ion  of 

t h e  a c t i n g  cen t re  is  determined f o r  t h e  r e su l t an t  f o r c e  of a l l  t h e  

t i l l a g e  r e s i s t a n c e s  which a r e  produced by t h e  mult iple  blades  on a 

r o t a r y  axle  a t  t h e  same moment i n  t h e  s o i l .  

1 ) Turning Resis tance ac t ing  on t h e  Blade Tip,  4 t  : Fig. 7-b 

shows t h e  loca t ions  and s i z e s  of 4x1 i n  two dimensions. The ap- 

proximate l oca t ion  of t h e  ac t ing  point  is presumed t o  be a t  about 

t h e  middle of t h e  t i p  width 11 ( ~ i g .  1 )  and around t h e  base of t h e  

edge. The s i z e  of vec tors  is obtained from t h e  GHIJD p a t t e r n  of 

Fig. 4. 

2) Radial Suction Force, A s  : A s  shown i n  Fig. 7-a, 4 s  i s  d is -  

t r i b u t e d  along t h e  r ad ius  d i r e c t i o n s ,  and t h e  s i z e  is presumed 

from t h e  G H I J D  p a t t e r n ,  on t h e  b a s i s  of 4kl.  

3)  Turning Resistance a c t i n g  on t h e  Longitudinal Blade, At2 : 

The loca t ion  of t h e  a c t i n g  point  i s  presumed t o  be at  about t h e  

cen t re  of 12 (Fig.8-b) and a t  about t h e  middle of t h e  edge width. 

The s i z e  of vec tors  is obtained from t h e  AEF p a t t e r n  o f  Fig.4.  

4)  Cent r ipe ta l  Force, 4 e :  A s  shown i n  Fig. 8-a, 4e i s  dis-  

t r i b u t e d  along t h e  r ad ius  d i r e c t i o n s ,  and t h e  s i z e  is presumed 

from t h e  AEF p a t t e r n  of F ig .4 ,  on t h e  bas i s  of 4k2. 

5 )  Resul tants  o f  These Forces : The r e s u l t a n t  fo rces ,  zl from 

4z7, z2 from 4 t2 ,  S from A s ,  and E from 4e a r e  obtained through 

computer ca lcu la t ion .  One example i s  shown i n  Fig. 9. A t  t h e  next 

s t age ,  t h e  r e s u l t a n t  fo rce  T from many cases  of T I ,  S ,  z2 and E 

is a l s o  calculated.  Fig. 10 shows one o f  them, and t h e  l o c a t i o n  



I An example of Resultant Forces: I Imaginary Acting Point of I 

of t h e  ac t ing  point 0 of T is expressed a s  follows : 

Rr = CRr3 

S ,  E aqd Z 

The analyzed da t a  on CR f o r  many kinds of ~3 S,  Q and E w d e r  

a maximum depth of cut  show t h a t  GR i s  i n  t h e  range of 1.01 t o  

1.04. I n  t h e  case of a standard t i l l a g e  condition with a Japanese 

r o t a r y  blade,  G8 i s  about 1.02. CR has a tendency t o  be l a r g e r  

value,  when t h e  number of blades i n  t h e  s o i l  decreases. 

i H  of Fig. 10 shows height  of t h e  a c t i n g  point.  i f o r  a Japa- 

nese blade i s  from 0.3 t o  0.5, usua l ly  0.4. Fig. 10  shows a l s o  

t h e  conceptional conclusion t h a t  t h e  r e s u l t a n t s ,  $ from $ 2  and s2, 

S and E a r e  ac t ing  on t h e  imaginary ac t ing  point .  xamely, t h e  

ac t ing  point  of t h e  r e s u l t a n t  from a l l  t h e  r o t a r y  r e s i s t ance  lo-  

c a t e s  a l i t t l e  outs ide t h e  per ipheral  c i r c l e  of t h e  blade. 

The a c t i n g  point 0 i s  named "Imaginary Acting Poin tw of t h e  ro- 

t a r y  t i l l a g e  res i s tance  i n  English. CR is a "Radius Coef f ic ien tm 

of t h e  a c t i n g  point .   h he author's group i s  s t i l l  s tudying on 

t h i s  CR. Appendix shows t h e  ca l cu l a t ion  including SShne's assmp- 

t ion . )  

Resultant Forces 
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Appendix 

1 ) If t h e  u n i t  vec tors  At. a c t  along t h e  circumference of a qua te r  

c i r c l e  of r 3  r ad ius ,  t h e  r e s u l t a n t  f o r c e  z l o c a t e s  on t h e  a c t i n g  

l i n e  ou ts ide  t h e  circumference as shown i n  Fig. A ,  and: 

2 )  If t h e  vec tors  Az a c t  along t h e  circumference 

of 0.95 r 3  ( ~ o h n e ' s  assumption, 1957), t h e  

r e s u l t a n t  fo rce  l o c a t e s  on t h e  a c t i n g  l i n e  5 
of: CR = 1.05 r 3  
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ABSTRACT 

In 1977 and 1978 a field experiment was 
conducted on a chernozem type of soil in a semiarid region 
with three methods of tillage and three methods of straw 
disposing. 

The following treatments of tillage were 
investigated: No-tilage, EOtary tillage and conventional 
tillage. The straw was burned.removed from and left on 
the plot. 

Results of two-year investigations show 
that soil moisture to a depth of 40 cm was higher by 3.23% 
on the part of the plot where straw was left as mulch, while 
tillage had practically no effect on changes in moisture 
content. The percentage of humus was slightly increased 
(-13%) on that part of the plot where conventional tillage 
was performed, and the straw left on the plot. Yield was 
statistically significantly higher with conventional tillage 
in lrelation to the other two methods of tillage. 

INTRODUCTION 

Today in the world maize is grown on quite 
different systems of tillage: from notillage to systems 
which employ numerous tools for primary tillage and seedbed 
preparation. 

Iieduced Cillage,minimum tillaw and no -tillage have found 
their place in certain regions in maize growing. Each of 
these systems has its advantages and disadvantages. One of 
the many factors encouraging the use of any of these systeas 
of tillage, wherever possible, is certainly a cheaper imiZe 
production. 

L2 1 



In Yugoslavia different methods of minimizing 
tillige in maize growing as affected by climate and soil 
conditions were investigated earlier also (Drezgi6 et a1 
1966. Miloji6 et a1 1964, 1971,1976; KolEar 1964,'Butorac 
et a1.1976; Kosovac 1972, etc.) . 

The aim of our investigation of the effect 
of tillage on some soil properties and maize yield is a 
contribution to solving this problem in the semi-arid re- 
gion of our country. 

MATERIAL AND METHOD 

The investigation was conducted in 1977. and 
1978. on the experimental field of the Maize Research 
Institute in Zemun Polje on a chernozem type of soil. 

The trail was set up as a three-factorial 
experiment accordding to the Split-plot design in four 
repliacations. 

Two factors were investigated: 

I Tillage 

PI No-tillage 

P2 Rotary tillage 

P3 Conventional tillage 

In the treatment no-tillage planting was carr- 
ied out with a planter in the stubble field without any 
preceding tillage. The second treatment was made with the 
rotary hoe in the fall to a depth of 10-12 cm. Planting 
was performed' with a planter. Conventional tillage consi- 
sted of the following. Shallow ploughing under of the stub- 
ble field:(15 cm) immediately after harvesting of wheat 
(month of July), primary tillage (30 cm) with a 2-bottom 
plow in the fall (month of September), seedbed preparati- 
on with a RAU-COMB1 system in the spring and planting with 
a planter as in the preceding two treatments. 

I1 Straw disposal 

S1 Burning on the plot 

S2 Baling and removing from the plot 

S3 Leaving it on the plot 

Fertilizers were applied in the fall N,P, and 
K with 150, 105 and 75 kg/ha, respectively. 

Between planting and emergence of hybrid 
ZP SC 1 the plot was treated with the herbicide Lasso- 
-Atrazin in a dosage of 6 kg/ha, 
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Tab.1. Soil moiture content (% weight) during the 
growing season (Two-year average) 

Straw T i l l a g e  Relat 
Disposal P, P 7 P? x 

Average 19 ,O 18,9 18,7 

From results in Tab.1. it can be seen that tillage 
in the two-year average had practically no effect on soil 
moisture content. For the treatment no-tillage, soil mois- 
ture was higher by - 3 %  compared to conventional tillage. 
Teunis van der Sar Ir. (1976) determined soil moisture 
content at a depth of 10-25 cm on the plowed part of the 
plot at 17.3% and with minimum tillage 17.2%. Van Doren 
and Triplett (1969) investigated soil moisture content an2 
found that in the no-tillage treatment moisture content 
was 7.4 cm and in conventional tillage 5.2 cm. 

Although the method of straw disposal did not signi- 
ficantly affect soil moisture content, still it was .6% 
higher in the soil with the treatment where straw was left 
on the plot (S3). 

During the critical period of the maize growing sea- 
son in Yugoslavia (July-August) straw left on the field 
increased soil moisture content by 1.3% in comparison to 
burning the straw (Tab.2.). Van Doren and Triplett (1973) 
established as well that the moisture content was higher on 
the mulched part of the plot, while Triplett et a1 (1968) 
found that the total infiltration after one hour was 2.5 
times higher on no-tillage with 80% residue than on plowed 
bare. 

During this critical period, too, tillage did not 
affect moisture conten (Tab.2 ) .  A somewhat higher percen- 
tage of moisture occurred in 1978 in comparison to 1977 
which received in the growing season almost 40 mm more 
rainfall. 

Tab.2. Soil moisture content during the critical period of 
the maize growing season (July-August) 

Straw 
Disposal 1977 1 P2 P3 

1978 1977 1978 1977 1978 X 

1 16,6 16,4 15,8 16,8 15,2 16.9 16,l 

S2 15,3 16,2 15,4 16,4 15,7 16.7 15,9 

S3 16,6 18,4 17,l 17,3 l5,l 17,8 17,4 
X 16,2 17 ,O 16,l 16,8 15,3 16,8 

Two-year 
average 16,6 16,4 16,O 



B. Content of humus 

The average s o i l  humus content  on t h e  experiment 
p l o t  t o  a depth of 20 c m  was 3.50-3.62% 

Results  of t h e  average humus content  a t  t h e  end 
of t h e  maize growing season a r e  given i n  Tab.3. 

Tab.3. E f f ec t  of plowing and s t raw on s o i l  humus content  
( i n  %, 0-40 an deep) 

Straw T i l l a g e  
d i sposa l  P1 P2 P3 

X S1 

s ,  3.61 3.69 3.64 3.65 - 

The method of t i l l a g e  d id  not  a f f e c t  t h e  s o i l  humus 
content  although it w a s  s l i g h t l y  higher i n  conventional 
t i l l a g e  i n  comparison t o  t h e  o the r  two ( - 0 3 % ) .  

Straw showed a g rea t e r  e f f e c t  on humus content .  In  
t h e  t reatment  where s t r a w  w a s  burned (S ) t h e  humus con- 
t e n t  was on t h e  l e v e l  of t h e  con t ro l .   he s tubb le  f i e l d  
increased humus content  by -02%. Straw l e f t  on t h e  p l o t ,  
p a r t i c u l a r l y  wlth conventional t i l l a g e ,  a l s o  increased 
t h e  humus content  by -18% i n  r e l a t i o n  t o  t h e  con t ro l  and 
-13% t o  t reatment  S1. 

Straw a s  organic matter increases  s o i l  humus content  
and a f f e c t s  o the r  s o i l  p rope r t i e s  and should, the re fore ,  
not  be burned, but  plowed under. 

C. Yield 

Resul ts  of y i e l d  are givenin Tab.4. 



Tab.4. Effect of the method of tillage and straw disposal 
on yield of maize hybrid ZP SC 1 (mc/ha) 

Straw 1 p2 p3 
Disposal 1977 1978 X 1977 1978 X 1977 1978 X Average 

For straw 

1977 1978 
5% 4.70 3.13 

LSD 1% 6.33 4.13 

For tillage 

1977 1978 
5.43 4.03 

7.31 5.33 

Maize yields were higher on conventional tillage 
(P3! and rotary tillage (P ) by 19.50% and 12.63%, respective- 
ly ln comparison to no-ti1 3 age (PI). 

In conventional tillage, favourableconditions were 
created for germination, emergence, growth and development of 
plants. Yields varied less within different methods of straw 
disposal. Greater differences in yield for the two-year ave- 
rage were' shown in no-tillage and rotary tillage. 

The success of no-tillage depends on the type of 
soil qnd on environmental factors. La1 (1976) established by 
analysis that maize yields on different types of soil in 
Africa withnetillage compared to tillage ranged from 72% to 
233%. In semi-humid regions of our country, Butorac et. al. 
(1976) obtained on lessive brown soil by planting directly 
without seedbed preparation almost the same yield as with re- 
duced or conventional preparation for planting.Drezgi6(1976) 
obtained on chernozem yields similar to ours, 13.9 mc/ha less 
with .'discharrowing in comparison to the treatment where the 
soil was plowed to a depth of 25 cm. 16% less yield with 
minimum tillage compared to plowing was obtained by Teunis van 
der Sar (1976), and Van Doren and Triplett (1973) with no- 
tillage 30.6% less yield than with full tillage. If on the 
same soil 70% of the area was mulched with maize stalks yield 
was higher with no-tillage by 9.7%. The same authors obtained 
a higher yield with no-tillage than with conventional tillage 
in monoculture in all treatments where nitrogen was applied. 
Van Doren et a1 (1976) found that maize is not very suscepti- 
ble to soil tillage. On a certain type of soil maize was grown 
10 years in monoculture with no-tillage, Yield was less by 13% 
in relation when the same soil was tilled. On another type of 
soil an 11-year average on no-tillage. The yield was by 10% 
higher than with plowing where maize was grown either as mono- 
culture of in rotation with soybean. 
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TITRE : TILLAGE I N  THE WEST AFRICAN TROPICAL ZONE 
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ABSTRACT 

IRATS' work i n  t h e  West A f r i c a n  t r o p i c a l  zone has shown 
t h a t  t i l l a g e  can be o f  considerable importance t o  crop y i e l d  impro- 
vement. 

However, f o r  each type o f  environment, each type o f  crop 
the re  i s  a corresponding t i l l a g e  which may according t o  circumstances 
be e i t h e r  very  deep o r  minimal. 

We must then avo id  making hasty genera l i za t i ons  i n  favour  o f  
one a l t e r n a t i v e  o r  another. 

S o i l  t i l l a g e  i n  t h e  t r o p i c a l  environment i s  a f requent  
t o p i c  f o r  agronomists' discussions. I t  i s  f e l t  by some t h a t  t i l l a g e  i s  
indispensable, whereas o thers  main ta in  t h a t  i t  i s  useless, indeed 
dangerous, a t  t h e  very Least i t  i s  considered uneconomical. 

The problem i s  a complex one and no d e f i n i t e  s o l u t i o n  can be 
o f f e r e d  by e i t h e r  o f  t h e  two fac t ions .  Th i s  i s  demonstrated by  t h e  
numerous r e s u l t s  obta ined by  IRAT i n  t h e  West A f r i c a n  t r o p i c a l  zone. 

1. - EFFECTS OF SOIL TILLAGE I N  THE TROPICAL ENVIRONNENT 

General ly  speaking, t i l l a g e  can be seen t o  produce t h r e e  
main e f f e c t s  : 

1.1. - Changes in the soil's physical state 

The f i r s t  e f f e c t  o f  t i l l a g e  i s  upon t h e  s t r u c t u r e  o f  t h e  
s u p e r f i c i a l  Layers o f  s o i l .  Various fea tures  may be modif ied. 

Porosity 

There i s  an increase i n  t o t a l  p o r o s i t y  b u t  a t  t h e  same t ime 
t h e  d i s t r i b u t i o n  o f  t h e  pore s i z e  i s  a l te red .  C u l t i v a t e d  p l a n t s  take  
roo t  more q u i c k l y  and more deeply. 



Many r e s u l t s  ob ta ined i n  Nest A f r i c a  (Senegal, Mali, I v o r y  
Coast) a l l  demonstrate t h e  favourable e f f e c t  o f  s o i l  c u l t i v a t i o n  upon 
t h e  p r i n c i p a l  c h a r a c t e r i s t i c s  o f  roo t  systems, fea tures  such as : 
maximum depth, t o t a l  weight, dens i t y  a t  depth, t o t a l  length, d iamet r i ca l  
area and average d is tance between roots. 

By way o f  example, t h e  at tached graphs demonstrate t h e  r e l a t i o n  
s h i p  obta ined between p o r o s i t y  and r o o t i n g  on t h e  one hand and between 
r o o t i n g  and y i e l d  on t h e  other.  

Wcight of 
roots' mg 

Groundnut 
Bornbey 

Groundnut 
Barnbey (1964) 

T D ? ~  soil porosi ty  Wcight 01 root$ m g  

Water regime 

T i  L Lage : 

- Improves water seepage i n t o  t h e  s o i l  (by i nc reas ing  p o r o s i t y  
and c r e a t i n g  m i c r o r e l i e f  features), 

- Reduces evaporat ion and improves t h e  s o i l ' s  w a t e r . r e t e n t i o n  
i n  d ry  per iods  by c r e a t i n g  a sur face o f  ear thy  mulch. This  e f f e c t  i s  
e s p e c i a l l y  important  i n  d ry  t r o p i c a l  areas i n  t h a t  water reserves can be 
c a r r i e d  over  from one year t o  the  next, 

- Allows g rea te r  e x p l o i t a t i o n  o f  t h e  s o i l ' s  water reserves 
because o f  g rea ter  roo t  system depth. 

Erosion s u s c e p t i b i l i t y  

When c o r r e c t l y  performed, i t  y i e l d s  m i c r o r e l i e f  features, 
c lods f o r  instance, which r e s t r i c t  run-of f  and i t  may the re fo re  be 
considered an e f f e c t i v e  weapon aga ins t  erosion. S i g n i f i c a n t  r e s u l t s  have 
been achieved i n  t h i s  domain i n  Senegal, Upper V o l t a  and I v o r y  Coast. 
However i n  cases where t h e  s lope i s  very steep, where t h e  r a i n f a l l  i s  
t oo  i n tense  o r  where t h e  t i l l a g e  has been performed inadequate ly  - and 
i n  p a r t i c u l a r  w i t h  a d i s c  plough - these circumstances do no t  always 
occur. 



M i c r o b i a l  a c t i v i t y  

By increas ing  s o i l  ae ra t i on  i t  in f l uences  t h e  L i f e  o f  micro- 
organisms. One p a r t i c u l a r  e f f e c t  i s  t h a t  upon t h e  f i x a t i o n  p rope r t y  o f  
rhizobium which i s  increased i n  sandy so i l ,  thus p l a y i n g  a considerable 
p a r t  i n  improvement o f  groundnut y i e l d  i n  Senegal and i n  t h e  n i t r o g e n  
balance. 

1.2. - Seed-bed p repa ra t i on  

The aim i s  t o  prepare a favourable environment f o r  t h e  seeds 
t o  emerge in;.good seed-soi l  contact  must t h e r e f o r e  be estabhished t o  
ensure e f f i c i e n t  moistening-a very  important  cons idera t ion  i n  d ry  
t r o p i c a l  zones. A t  t h e  same t ime however, t h e  s o i l  must no t  be 
compressed too  much, otherwise t h e  upper layers  w i l l  be pu l ve r i sed  and 
t h e  very b e n e f i c i a l  e f f e c t s  upon p o r o s i t y  w i l l  be Lost. 

S u p e r f i c i a l  t i l l a g e  a f t e r  p loughing is, then, a r a t h e r  
d e l i c a t e  problem t o  solve. 

1.3. - Weed c o n t r o l  

I t  has been demonstrated i n  numerous t r o p i c a l  count r ies  t h a t  
t u r n i n g  t h e  s o i l  by plough reduces t h e  amount o f  weed c o n t r o l  necessary. 

With the  use o f  herb ic ides  the  s i t u a t i o n  i s  somewhat a t te red .  
However, besides t h e  f a c t  t h a t  t h e i r  cos t  does no t  permi t  t h e i r  genera[ 
use, i t  has been proved t h a t  herb ic ides  a r e  no t  t o t a l l y  e f f e c t i v e  i n  
a l l  circumstances (e-g. I v o r y  Coast, Togo). Le t  us avo id  genera l i z i ng  
then ; there  remains a great  deal  o f  progress t o  be made i n  t h e  t r o p i c s  
i n  t h i s  domain. Indeed, even now, manual weeding remains a l l  t o o  o f t e n  
t h e  most widespread weed c o n t r o l  method. 

2. - CROP YIELDS 

Table one below i l l u s t r a t e s  t h e  r e s u l t s  o f  experiments 
c a r r i e d  out  by  IRAT and ISRA i n  Senegal. The experiments concern t h e  
e f f e c t s  o f  p loughing on t h e  y i e l d s  o f  a c e r t a i n  number o f  crop. The 
s o i l s  concerned are  sandy and sandyclay s o i l s  ( i n  general  t r o p i c a l  
fe r rug inous s o i l s )  and t h e  r e s u l t s  a r e  representa t ive  o f  t h e  whole o f  
the  Sahel - Sudan area o f  Western Af r ica .  

! !Number o f !  Cont ro l  ! Ploughing i % gain due ; I 
I ! annual !T rad i t i onne l !  y i e l d  ;to ploughing; 
I ! r e s u l t s  ! y i e l d  Kg/hc ! Kg/hc . 
I I I 1 ; M i l l e t  i 36 1638 ; 1944 ; ! 

! + 19 ? 

! Sorghum I 54 ! 2033 I 2523 ! + 24 ! 
I I I I 

! 20 2439 ; 3666 ; ! ; Maize ! + 50 ! 

! Rain-fed r i c e  ! 20 ! 1164 I 2367 ! +a03 n 
I I I I i 

16 ; 1576 1840 ; Cotton ! 
+ 17 ; 

! 
! Groundnuts ! 46 ! 1259 I 1556 ! + 24 I 

I ! ! I I I 

Table 1 : E f f e c t  o f  p loughing upon major crops i n  Senegal 

4 3 1 



However du r ing  recent  years IRAT has been developing research 
towards the  replacement o f  p loughing by  minimum t i l l a g e  connected most 
o f t e n  w i t h  crop-remnant mulching. 1n t h e  m a j o r i t y  o f  'cases, weed-control 
i s  e f f e c t e d  by  t h e  use o f  herb ic ides .  

Table 2  : Tabulates t h e  y i e l d  f i g u r e s  f o r  crops i n  Senegal 
( fe r rug inous t r o p i c a l  so i l ) ,  i n  Togo ( f e r r a l i t i c  s o i l s  s l i g h t l y  desatu- 
rated)  and i n  I v o r y  Coast ( f e r r a l i t i c  s o i l s ) .  

! I 1 ! 
MINIMUM ' MINIMUN TILLAGE ! PLOUGHI:NG! TILLAGE 

! I ! ! ! % PLOUGHING 

I 

! SENEGAL 
I 

; 'Groundnuts 

! M i l l e t  
I 

Maize ! 
! Rice ( ra in - fed)  
I 

! TOGO - 
I ; Maize 

! Sorghum 
I 

; Groundnuts 
I 

! I V O R Y  COAST 
I 

Maize ! 
t Class 1  s o i  1s 
I V a r i e t y  IRAT 81 
I 

I CJB 
I Class 2 / 3  s o i  1s 
I IRAT 81 

I CJB 
I 

Rainfed r i c e  ! 
! Class 1  s o i  1s 
! IRAT 13 

Moroberekan 
I Class 2 / 3  s o i l s  
! IRAT 13 

Moroberekan 

Table 2 : Comparison o f  r e s u l t s  between p loughing and minimum 
t i l l a g e  i n  vary ing  s i t u a t i o n s .  

Class 1  s o i  1s : s o i  1s w i t h  good water r e t e n t i o n  p r o p e r t i e s  

Class 213 s o i l s  : s o i l s  w i t h  g rave l  content, poor water r e t e n t i o n  
p r o p e r t i e s  



From these results,  i t  i s  seen t h a t  t h e  need f o r  s o i l  t i l i a g e  
i s  no t  t h e  same i n  a l l  circumstances. For a  g iven s i t u a t i o n  t h e  r e s u l t s  
may f l u c t u a t e  according t o  the  crop and even t h e  va r ie t y .  The c r u c i a l  
f a c t o r  i s  most o f t e n  t h e  crop's a b i l i t y  t o  adapt t o  i t s  p h y s i c a l  
surroundings. 

3. - FACTORS WHICH MAKE SOIL TILLAGE NECESSARY I N  A TROPICAL ENVIRONMENT 

3.1. - The s o i l  

S o i l  p repa ra t i on  i s  o f  considerable importance i n  a  s i t u a t i o n  
where the  phys i ca l  p rope r t i es  o f  t h e  s o i l  a r e  poor. Th is  i s  notabby t h e  
case when t h e  s o i l  s t r u c t u r e  i s  under-developed, when p o r o s i t y  i s  Low 
and when pore s i z e  does no t  a l l ow  adequate roo t  penetrat ion.  

Now t h e  s t r u c t u r a l  character  o f  a  g iven s o i l  depends upon i t s  
t e x t u r e  and upon t h e  m ine ra log i ca l  na ture  o f  i t s  f i n e  f rac t i on .  Indeed 
i t  i s  i n  t h e  capaci ty  o f  s w e l l i n g  and s h r i n k i n g  t h a t  t h e  o r i g i n  o f  a  
n a t u r a l  s t r u c t u r e  Lies. I n  t r o p i c a l  s o i l s  t h e r e  i s  a  k a o l i n i t i c  domi- 
nance associated w i t h  i r o n  sesquioxides i n  a  f r a c t i o n  Lower than two 
microns. 

Moreover i f  s o i l  s t r u c t u r e  i s  t o  develop under good cond i t i ons  
a  c e r t a i n  c l a y  content i s  indispensable. However i n  most cases t h e  
West A f r i c a n  t r o p i c a l  zone has upper s o i l  hor izons w i t h  a  c l a y  content 
o f  Less than 20 per  cent. They can t h e r e f o r e  be considered as s t ruc tu -  
r a l l y  i n e r t .  

Coarse s o i l  elements can p l a y  a  dec i s i ve  ro le .  Elements such 
as coarse sand, g r i t  and f i n e  g rave l  do a l l ow  a  c e r t a i n  s o i l  a e r a t i o n  
and create favourable roo t  pene t ra t i on  cond i t i ons  b u t  they a l s o  
increase t h e  speed a t  which water permeates t o  t h e  Lower horizons. 

3.2. - Cl imate and vege ta t i on  

- R a i n f a l l  p a t t e r n  which c o n t r o l s  a l t e r n a t i n g  per iods  o f  
w e t t i n g  and d r y i n g  out, 

- Season p e r i o d i c i t y  and length, p a r t i c u l a r l y  a  long dry  
season which severe ly  l i m i t s  any permanent presence o f  a c t i v e  s o i l  
fauna such as earth-worms, 

- R a i n f a l l  i n t e n s i t y  which i s  t h e  major cause o f  runoff-and 
erosion. 

Na tu ra l  vegeta t ion  i s  o f  course Linked t o  weather condi t ions.  
T h r i v i o g  vegeta t ion  p r o t e c t s  t h e  s o i l  w e l l  and prov ides r e s i d u a l  
elements which o f f e r  ap e f f i c i e n t  s t r a w l i k e  mulch. I n  d r y  t r o p i c a l  
regions however these cond i t ions  do not  occur ; here even t h e  harvest  
residues a r e  used, e i t h e r  as c a t t l e  fodder, b u i l d i n g  m a t e r i a l  o r  f ue l .  

3.3. - The land-c lear ing  age 

A s o i  1  recen t l y  c leared f o r  c u l t i v a t i o n  is, generally, more 
f e r t i l e  that? a  s o i l  which has known pas t  c u l t i v a t i o n .  C u l t u r a l  techn ics  
must t ake  these very d i f f e r e n t  s i t u a t i o n s  i n t o  account. 

F i r s t  t h e  s i t u a t i o n  where areas occupied by  n a t u r a l  vegeta- 
t i o n  o r  by very sporadic s h i f t i n g  c u l t i v a t i o n  a r e  t o  be reclaimed f o r  
a g r i c u l t u r a l  use. 



Secondly the  s i t u a t i o n  c a l l i n g  f o r  all improvement i n  land Long 
under cu l t i va t i on ,  where popu la t ion  growth has l e d  t o  a  reduct ion  or, 
indeed, complete suppression o f  f a l l o w  periods. 

I n  the  f i r s t  case the  n a t u r a l  q u a l i t i e s  o f  t he  environment must 
be pro tec ted and i n  t h e  second there  i s  o f t e n  no a l te rna t i ve .  bu t  t o  
reso r t  t o  working the  s o i l  t o  create a  s t r u c t u r e  a r t i f i c i a l l y .  

4. - CONCLUSION - 
T i l l a g e  i n  t r o p i c a l  zones i s  then a  complex problem which 

cannot be d e a l t  w i t h  everywhere i n  the  same way. Thus we see researchers 
ob ta in ing  vary ing  r e s u l t s  i n  d i f f e r e n t  s i t ua t i ons .  

Each crop and each area has i t s  corresponding type o f  land 
preparat ion. Le t  us then beware o f  making hasty general izat ions.  
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SUMMARY 

The effect of plowed under organic m a t t e r  w a s  

i nves t i ga t ed  on a carbonate chernozem type of s o i l  a t  

t h e  Maize Research I n s t i t u t e  i n  Zemun Po l je .  The study 

was made on a p l o t  where maize w a s  grown i n  monoculture 

over s eve ra l  years.  

Maize s t a l k s  and s t a b l e  manure w a s  plowed under 

i n t o  t h e  s o i l  a s  organic matter. 

Variants:  

Maize s t a l k s :  

a )  cu t  and removed from t h e  f i e l d  

b) 50% plowed under, 50% removed 

C) 100% plowed under 

S t ab l e  manure: 

a )  without s t a b l e  manure 

b) 0.5% of t h e  volume of plowed s o i l  

C) 1.5% of t h e  volume of plowed s o i l  

Maize s t a l k s  w e r e  plowed under every yea r  i n  t h e  

f a l l  during primary t i l l a g e .  S tab le  manure was incorporated 

i n t o  t h e  s o i l  every t h i r d  year  a l s o  during primary t i l l a g e .  



A d e f i c i t  of water i n  t h e  s o i l  during t h e  

per iod  of ontogenesis has a s i g n i f i c a n t  e f f e c t  on t h e  morpho- 

l o g i c a l  and b io log i ca l  f e a t u r e s  of maize. An at tempt i s  made by 

us ing c u l t u r e  p r a c t i c e s  t o  reduce t h e  water d e f i c i t  i n  t h e  s o i l .  

Therefore, w e  have inves t iga ted  on a chernozem type  of s o i l  K o- 

s a n o v i 6 (1960)  t h e  e f f e c t  of maize p l a n t  r es idues  and s t a -  

b l e  manure on so i l  moisture and maize y i e ld .  

Mater ia l  and method 

The i nves t i ga t i on  was conducted i n  1977/1978 

a t  t h e  Maize Research I n s t i t u t e  i n  Zemun P o l j e  on a t r i a l  se t  

up i n  1971/1972. The treatments  a r e  given i n  t he  footnote  of tab- 

les 1, 2 ,  and 3. 

S o i l  moisture was determined by t h e  c l a s s i c a l  

method of drying t h e  sample a t  1 0 5 ~ ~ .  S o i l  moisture was measured 

two times a week a t  a depth of 10-60 cm. It was expressed i n  % of 

f i e l d  water  capaci ty  (FWC) . 
Hybrid ZP SC 3 was used f o r  t h i s  i nves t i ga t i on .  

Resul ts  

P l an t  r es idues  d id  no t  s i g n i f i c a n t l y  a f f e c t  

s o i l  moisture i n  t h e  t reatments  where these  were removed from 

t h e  f i e l d  o r  plowed under (50%, 100%). 

It can be seen from Tab. 1. t h a t  i n  none of 

the  phases of ontogonesis d i d  p l an t  r es idues  s i g n i f i c a n t l y  and 

r e l i a b l y  a f f e c t  s o i l  moisture.  The treatment  with 50% of plowed 

under p l a n t  r es idues  compared with t h e  t reatment  where these  

w e r e  removed from t h e  f i e l d  (1977/1979) showed a h igher  s o i l  

moisture by .79%, and t h e  t reatment  100% plowed under res idues  

by 1.84%. 



Tab.1. - E f f e c t  o f  p l a n t  r e s i d u e s  on s o i l  moisture i n  % of 
FWC d u r i n g  d i f f e r e n t  p h a s e s  of o n t o g e n e s i s  a n d  maize  
y i e l d  

I P l a n t  r e s i d u e s  1 

3 leaf-9 leaf 1 62.45 1 77.48 1 63.07 1 78.63 163.83 1 79.26 1 t 

I 
P h a s e  o f  deve- j removed f rom 1 50% removed 100% plowed 1 

9 leaf-tasseling 1 5 0 . 2 3 1 5 4 . 2 9  50.72 1 56.88 152.04 57.10 1 
Tasseling-mturity 1 45 - 3  7  4  6  - 9 0  45.83 47.26 145.90 49.08 1 
Average i 158.14 i 163 .63  j 58.68 / 64.67 159.70 1 65.73 

lopment  t h e  f i e l d  

Yield m/ha  of 1 I 

grain 
1 82.23 / 92.83 ! 
i ' 84.21 / 94.81 183.27 r 194 .46  : 1 

50% plowed u n d e r  
u n d e r  

1977 

F v a l u e  not reliable f o r  5% and 1% 

1978 

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

(Tab.2.) .  T r e a t m e n t s  .50% a n d  1.50% s t a b l e  manure o f  t h e  volume 

of plowed s o i l  i n  compar ison  t o  t r e a t m e n t  w i t h o u t  s t a b l e  manure 

1 
1978 

77.51 i 
1977 

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

1978 i 1977 

75.92 177.09 - g e n e 3  leaf  1 74.54 

The t r e a t m e n t  .50% s t a b l e  manure o f  t h e  volume o f  

plowed s o i l  i n  compar ison  t o  t h e  t r e a t m e n t  w i t h o u t  stable manure 

had  i n  t h e  a v e r a g e  (1976/1978) a 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  

by  2.43%, a n d  t h e  t r e a t m e n t  1.50% s t a b l e  manure by  7.1%. 

75.86 1 75.10 

A p o s i t i v e  e f f e c t  o f  s t a b l e  manure On s o i l  m o i s t u r e  

w a s  also m a n i f e s t e d  i n  maize  y i e l d .  The treatment .50% s t a b l e  

manure i n  compar ison  w i t h  t h e  t r e a t m e n t  without s t a b l e  manure 

gave  a h i g h e r  y i e l d  b y  6.43% (average f o r  1977/1978) ;  t r e a t m e n t  

1.50% by 9.04%. The v a l u e  of F shows t h a t e  t h e  d i f f e r e n c e  is  

s i g n i f i c a n t  and reliable. 



Tab 2.-Effect of s t a b l e  manure on s o i l  moisture i n  % of FWC 
during d i f f e r e n t  phases of organogenesis and maize y ide ld  

Phase of deve- 

3 l e a f ,  -9 l e a f  

9 l e a f - t a s se l i ng  

Tasseling-mturity 

CV ( % )  5.03 

F r e a l i a b l e  f o r  5% and 1%, 3.09 and 4.82 mc/ha,respectively.  

P lan t  res idues  i n  combination(interaction) 

with s t a b l e  manure d id  no t  s i g n i f i c a n t l y  a f f e c t  s o i l  moisture 

(Tab.3.). The d i f fe rence  i n  s o i l  moisture between t h e  two t r e a t -  

ments i s  s l i g h t ,  while t h e  value f o r  F shows t h a t  d i f f e r ences  

a r e  ne i t he r  s i g n i f i c a n t  nor r e l i a b l e .  

Tab.3.-Effect of p l a n t  r es idues  and s t a b l e  manure on s o i l  
moisture i n  % of FWC and maize y i e l d  

S tab le  manure 

F value i B  not  r e l i a b l e  f.or 5% and 1%. 



The i n t e r a c t i o n  of s t a b l e  manure and p l a n t  resi- 

dues d i d  no t  s i g n i f i c a n t l y  a f f e c t  maize y i e l d  (Tab.3). The 

value  of F shows t h a t  t h e  d i f f e r ence  i n  y i e l d  i s  no t  re- 

liable and j u s t i f i e d .  

Conclusion 

P l a n t  r es idues  d i d  no t  s i g n i f i c a n t l y  a f f e c t  s o i l  

moisture and maize y ie lds .  

S tab le  manure a f f e c t e d  s i g n i f i c a n t l y  s o i l  moisture 
and maize y i e ld .  

The i n t e r a c t i o n  of p l a n t  r es idues  and s t a b l e  manure 

d i d  not  s i g n i f i c a n t l y  a f f e c t  s o i l  moisture and maize y i e l d .  








