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Pre face  

A s e r i e s  o f  i n t e r n a t i o n a l  s o i l  t i l l a g e  conferences have been 
o r g a n i z e d  i n  Western Europe d u r i n g  t h e  post -war  p e r i o d ,  b u t  i t  
was n o t  u n t i l  a t  t h e  6 t h  Conference h e l d  a t  Wageningen 1973 t h a t  
t h e  ISTRO was p r o p e r l y  c o n s t i t u t e d .  The r e g u l a t i o n s  ( n e x t  page) 
a r e  a r e s u l t  o f  t h e  e x t e n s i v e  p r e p a r a t o r y  work done by P r o f .  Ku ipers .  

The r e c o r d  o f  t h e  e a r l i e r  conferences, o f  which t h e  f i r s t  4 were 
ar ranged i n  connec t ion  w i t h  World P lough ing  Contests,  i s  as f o l l o w s :  

1955 a t  Uppsala, Sweden, o r g a n i z e d  by G. Tors tensson 

1958 a t  Stu t tgar t -Hohenheim,  Western Germany, o r g a n i z e d  by P r o f .  
H. Frese. The main theme was p l o u g h i n g  and papers were p u b l i s h e d  
i n  " M i t t e i  lungen d e r  Deutschen Landwi r tschafts-Gesellschaft" ,  
Vo l .  74, Hef t  13, 1959. 

1962 a t  Doorwerth, Nether lands,  o r g a n i z e d  by Prof .  H. Kuipers .  The 
proceedings "The o b j e c t i v e s  o f  s o i l  t i l l a g e "  were p u b l i s h e d  
i n  "Nether lands Journa l  o f  A g r i c u l t u r a l  Science", Vo l .  11, No. 2 ,  
Spec ia l  i ssue  1963, pp. 85-160. 

1965 a t  Aas, Norway, o r g a n i z e d  by M r .  A. Njds,  under t h e  s u p e r v i s i o n  
o f  t h e  Scandinav ian A g r i c u l t u r a l  Research Worker ' s  A s s o c i a t i o n  
(NJF) . The proceedings " C h a r a c t e r i z a t i o n  Problems i n  Soi  1 T i  I 1  age" 
were p u b l i s h e d  i n  t h e  Swedish j o u r n a l  "GrundfBrbB' t t r ing" ,  Vol .  19, 
D i v i s i o n  o f  S o i l  Management, A g r i c u l t u r a l  Co l lege  o f  Sweden. 

1970 a t  S i l s o e ,  England, o r g a n i z e d  by M r .  N.J. Erown. The mimeographed 
proceedings "Ti  1 lage  Research Methods" a r e  a v a i l a b l e  f r o m  N. J. 
Brown Esq., Phys ics  Department, Rothamsted Exper imenta l  S t a t i o n ,  
Harpenden, H e r t s ,  England. ( P r i c e  f i . 2 5  i n c .  postage. Remit tance 
made o u t  t o  "N.J. Brown (Soi 1 T i  1 lage  A/c)". I f  o u t s i d e  UK p lease  
pay i n  s t e r l i n g  th rough  a London Bank). 

1973 a t  Wageningen, Nether lands,  o r g a n i z e d  by P r o f .  H. Kuipers .  A 
mimeographed summary o f  papers i s  a v a i l a b l e .  

As seen f r o m  t h e  l i s t  above, t h e  way o f  p u b l i s h i n g  t h e  conference 
proceedings has v a r i e d ,  and i s  a m a t t e r  o f  t h e  o r g a n i z e r .  TO 
f a c i l i t a t e  b i b l i o g r a p h i c  n o t a t i o n ,  we i n c l u d e  t h e  proceedings o f  
t h e  p r e s e n t  con fe rence  i n  o u r  s e r i e s  o f  mimeographed r e p o r t s .  Most 
o f  these  r e p o r t s  a r e  a v a i l a b l e  on request .  

The papers s u b m i t t e d  t o  us cover  a wide a rea  o f  s o i l  t i l l a g e  research,  
t h e  main t o p i c s  b e i n g  t i l l a g e  problems i n  p l o u g h l e s s  fa rm ing  systems, 
s o i l  compact ion and p l a n t s  growth,  and p h y s i c a l  p r o p e r t i e s  o f  s o i l s  and 
performance o f  t i l l a g e  t o o l s .  The papers a r e  p u b l i s h e d  i n  a l p h a b e t i c a l  
o r d e r .  

We a r e  indeb ted  t o  t h e  M i n i s t r y  o f  A g r i c u l t u r e  f o r  t h e  f i n a c i a l  a i d  
and t o  t h e  U n i v e r s i t y  o f  Uppsala, t h e  A g r i c u l t u r a l  C o l l e g e  o f  Sweden, 
t h e  coun ty  a g r i c u l t u r a l  boards and t h e  d i f f e r e n t  i n s t i t u t e s  and companies 
f o r  t h e  f a c i l i t i e s  p rov ided .  F i n a l l y  we a r e  g r a t e f u l  t o  a l l  co l l eagues  
f o r  t h e  generous h e l p  i n  p r e p a r i n g  t h e  conference. 

Rei j o  Heinonen Lennar t  Henr i  ksson 
Chairman o f  t h e  Board o f  lSTRO S e c r e t a r y  o f  t h e  Board o f  ISTRO 
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I 
Wageningen, September 27, 1973 

Regulations of the International Soi 1 Tillage Research Organization, accepted 
during the 6th Conference, September 25 - 27, 1973, a t  Wageningen, the Netherlands 

1. The objective of the International Soil Til lage Research Organization i s  t o  
promote contacts between soi 1 ti  1 lage research workers by i n i t i a t i n g  confe- 
rences and eventually by other means. 

2. The Board of the  organization is formed by the  past ,  present and next president 
and two other members, who serve unti l1 the next conference. 

3. The president i s  i n  charge of the organization of the next conference. He 
chooses one of these other two members of the Board preferably i n  h is  own 
country, who will  a c t  as secretary of the I.S.T.R.O. 

4. The f i f t h  member of the Board is proposed by the Board o r  by par t ic ipants  
of the  conference. He may interchange his  function w i t h  t ha t  of the next 
president, i f  t ha t  seems t o  be appropriate. 

5. All par t ic ipants  of the conference can make proposals fo r  election t o  f i l l  
vacancies i n  the  Board and f o r  changes i n  the  Board. 

6.  All part icipants of the conference have the r i gh t  of voting. 

7. The president i s  f ree  t o  organize the  conference as seems t o  be appropriate 
and t o  cooperate w i t h  other organizations. He i s  responsible fo r  informing 
the  Board on his  major a c t i v i t i e s .  

8. I f  possible conferences should be held a t  l e a s t  once every three  years. 

9. I f  the president i s  unable t o  organize the  conference he consults the Board 
and the  Board has the r i gh t  t o  reorganize i t s e l f .  

10. Members of the organization a re  part icipants of the conferences involved i n  
t i l l a g e  research and t i l l a g e  research workers t h a t  apply fo r  membership. 
All members a re  invited t o  conferences. 

The Committee i n  charge 

N.J. Brown ( U . K . )  

Dr. W .  Czeratzki (BRD) 

Prof. Dr. R. Heinonen (Sweden) 
\ 

Prof. I r .  H .  Kuipers (The Netherlan 

Prof.Dr. V. Mihalie JYqoslavia) - 1,. 
POSTBUS 88. WAGENINGEN. NEDERLA D TELEFOON 08370-19040. TELEGR. INTAS 
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SEEDBED PREPARATION FOR OPTIMUM TEMPERATURE, MOISTURE, AERATION, 
AND MECHANICkL IMPEDANCEa 

Stephen B. Affleck, Don Kirkham, and Wesley F. Buchele b 
Iowa State University, Ames, Iowa 50011 

ABSTRACT 

A tillage method is presented for optimizing seedbed preparation 
by planting on the sides of sloped ridges. Temperature, moisture, 
aeration, and mechanical impedance effects are controlled by configu- 
ration and direction of the ridge and by the use and location of the 
seed row press wheels. The method hedges against either a wet or a 
dry spring after planting. Two years of results of replicated field 
tests on maize (=mays, L.) are presented. Faster emergence, higher 
stands, and statisticaliy significant yield increases up to 1685 kglha 
are reported for the optimized method over conventional flat planting 
and top-of-ridge planting methods. 

INTRODUCTION, THE TILLAGE SYSTEM 

Four soil physical factors that govern plant growth are tempera- 
ture, moisture, aeration, and mechanical impedance. Much work has 
been done observing and specifying the conditions necessary for plant 
growth, especially during germination and emergence. See S.J. Rich.- 
ards st. (1952), p. 366, for temperature study; see L.A. Richards 
and Wadleigh (19521, pp. 214-217, for moisture study; see Wesseling 
and van Wijk (1957), pp. 466-468, for aeration study; see Phillips and 
Kirkham (1962) for mechanical impedance study; see Bowen and Coble 
(1967) for a study on limiting values of all four factors. Additional 
references and reviews are in Shaw (1952), Jacobson [see Bowen and Co- 
ble (1967) reference], Kirkham (1973), and Rykbost -- et al. (1975). 

In this paper,we describe a seedbed preparation method intended 
to optimize soil temperature, soil moisture, and aeration, while pro- 
viding low mechanical impedance for seedling growth. Our work has 
been done on maize (Zea mays, L.), the principal crop of the North 
Central part of the United States of America. The State of Iowa where 
this work was done,is 500 lun west of Chicago, Illinois. Iowa 
has a subhumid climate, the precipitation averages 75 cm per year, and 
most of the precipitation occurs as rain in the growing season. Irri- 
gation is not practiced. Planting of maize normally begins about the 
1st to the 10th of May. In recent years,emphasis has been placed by 
Iowa's Agricultural Extension specialists on planting maize as early 
as possible. Early planting provides for a longer growing season if 
the soil is sufficiently warm. With the longer growing season, greater 
yields result. 

Fig. 1 shows a sloped-ridge planting systan that we used to increase 

aJournal Paper No. J-8428of the Iowa Agriculture and Eome Economics 
Experiment Station, Ames, Iowa. Projects No. 1888, 2086, and 1941. 

b~esearch Associate, Distinguished Professor of Agronomy, and Profes- 
sor of Agricultural Engineering, Iowa State University, Ames, Iowa. 



Fig. 1. Optimized Seedbed Planting System 

soil temperature for early spring planting and to optimize soil mois- 
ture and aeration and provide low mechanical impedance. Seeds are 
planted on the south slopes of ridges that run i~ an east-to-west di- 
rection. The south slope is shown intercepting the sun's rays perpen- 
dicularly, which is the condition for maximum energy interception and 
soil warmth. The sun's angle to the horizontal was 60' at noon on 
April 18 and showed that the slope of the seedbed was best at 30' to 
the horizontal. The angle was measured by pointing one end of a rod 
towards the sun, the other end of the rod being fixed at the ground 
surface. No shadow was cast on the ground at a rod slope of 
50' from the vertical. Tables of the sun's angles are available (En- 
gel and Takle, 1975). The system of Fig. 1 has been designed to opti- 
mize soil moisture and aeration under the climatic extremes of both 
wet and dry springs. For a wet spring, the furrows provide drainage 
of excess water and needed aeration. The seeds are planted above the 
furrow bottoms so that the seed environment will not be waterlogged. 
For a dry spring, moisture must reach the seeds from below the plant- 
ing depth, and our design uses compaction of the soil crumbs to pro- 
vide better upward flow of capillary water to the seeds. In Fig. 1 
are shown two rib press wheels 10 cm wide, which follow the tractor- 
drawn planter. These press wheels are shown upslope from the seeds. 
We also have tested the rib press wheels downslope from the seed row. 
Further,we have used a concave press wheel 15 cm wide directly over 
the seed row. Both press wheels are commercially available from the 
John Deere Company. The compaction by the rib press wheel is greater 
than that by the concave press wheel. Both compact the soil crumbs in 
the seedbed to enable easier capillary rise of subsurface water to 
the seeds in a dry spring and at the same time form a packed soil lay- 
er at the surface to reduce moisture loss by evaporation. The rib on 
the press wheel in Fig.1 makes a small, highly compacted furrow next 
to the seed row. During a short, high-intensity rain,this small fur- 
row can collect water to provide needed moisture to the seeds in a dry 
spring. The furrow does not cause waterlogging around the seeds be- 
cause good drainage is provided by the loose soil to the furrows on 
either side of the ridge. In our tillage system, we use no cultiva- 
tion after planting; weed control is by chemical spraying. All oper- 
ations are by tractor-drawn machinery, as in large-scale farming. 

RESULTS AND DISCUSSION 

We have obtained two years of field data for the sloped-ridge 



planting system of Fig. 1. The first year. 1974, we compared two var. 
iations of sloped-ridge planting with flat and top-of-ridge planting. 
Cross sections of the four treatments as actually measured in the 

--+, & 
/ - -C- 

* - 
FLAT PLANTING 

CONCAVE PRESS WHEEL 

G-l 
. 

TOP-OF-RIDGE PLANTING 
CONCAVE PRESS WHEEL 

SLOPED-RIDGE PLANTING 
CONCAVE PRESS 'HEEL 

SLOPED -RIDGE PLANTING 
RIB PRESS WHEEL 

Fig. 2. Measured Cross Sections of Four Planting Treatments 

field are shown in Fig. 2. Note that the concave press wheel was used 
over the seed row in three of the treatments.We planted six replicates 
of the four treatments in a statistical, randomized-block design. 
Each block was divided into two halves, one half planted April 18, the 
other half planted May 15, 1974. Each block was planted with all four 
treatments, four rows per treatment, and contained 16 rows. Rows were 
30 m long and 75 cm apart. Maize seeds were planted 19 cm apart in 
the rows. Data were taken on the center two rows of each treatment to 
reduce edge effects of one treatment on another. The land was tile- 
drained,and the blocks were laid out so that the tile drainage would 
be equal for each block and for each four-row treatment. 

In the following, designations such as SRCO and FNC are used for 
brevity, to describe treatments. These designations are given in 
Table I. (Note, SR = sloped ridge, CO = compaction over the seed row. 
etc.) In 1974, maize planted April 18 gave average yields for sloped- 
ridge planting (SRCO and SRCU) of 9303 and 9050 kg/ha; top-of-ridge 
planting (TRCO), of 8832 kg/ha; and flat planting (FCO), of 8502kg/hc. 
The differences in yields between sloped-ridge planting and flat 
planting, 801: and 548 kg/ha, were statistically significant. Maize 



Table I 

1974 and 1975 Yields, Final Stands, and Emergence Rates for Maize on Sloped Ridges versus Other Planting Treatments 

. Designa- Treatment Yield Final Stand Emergence Rate 
I Y U .  - 

tion Description (kg/ha) (plantslha) (Days to reach 75% emergenc4 
1974 1974 1975 1974 1974 1975 1974 1974 1975 
(Early) (Late) (Early) (Late) (Early) (Late) 

Sloped-Ridge Planting 
1 SRCO Concave press wheel 9303a* 7994a 5613a 55055a 58843a 60437a 12 9.5 8 

compaction over seeds 
2 SRCU Rib press wheel compac- 9050a 7871a 5719ab 53540a 55294c 50391b 13 9.5 9 

tion upslope from seeds 
3 SRCD Rib press wheel compac- --- --- 6127ab --- --- 51826b -- --- 9 

tion dormslope from seeds 
4 SRNC No press wheel compaction --- --- 5199ab --- --- 48198b -- --- 10 

Top-of-Ridge Planting 
5 TRCO Concave press wheel 8832ab 7619a 3981cd 51786a 56490b 58563a 13 10 8 

compaction over seeds 
6 TRNC No press wheel compaction --- --- 3582d --- --- 42378c -- --- 9.5 

Flat Planting 
7 FCO Concave press wheel 8502b 8058a 4898bc 44531b 57048b 56769a 13 10.5 7.5 

compaction over seeds 
8 FNC No press wheel compaction --- --- 3907cd --- --- 40664c -- --- 10.5 

- --  - * 
Means not sharing the same letter(a,b,c,d) differ from each other significantly at the 5% level of probability. 
Notes: 1. Yields of maize are calculated at 15.5% moisture content. 

2. Planting rate was 68888 seed/ha of Trojan TX113 (116 day) maize. 
3. Fertilization was 168-168-168 kg/ha of N-P205-K20 in 1974; 115-67-90 kg/ha in 1975. 
4. Herbicide was 2.24 + 2.24 kg/ha of Atrazine and Alachlor in 1974; Atrazine and Cyanazine in 1975. 



planted hay 15 of that same year gave s i g n i f i c a n t l y l e s s e r y i e l d s ,  76! 1 

to 8058 kglha, but with no significant differences among the four 
treatments. These results indicared, as expected, that earlier plant- 
ing would givegreateryiel?~ than later planting and that the warmth 
benefit for the early planted sloped ridges would increase yields. 
Evidence that the seed environment was actually warmer on the sloped 
ridges was obtained by inserting thermoneters 7.5 cm deep along the 
seed rows and observing daily temperatures. Afternoon temperatures in 
early May in the sloped-ridge seed rows were about 1.5'~ higher than 
the temperatures in the flat and top-of-ridge planted seed rows. 

In 1974, rain conditions were very good during the germination 
and emergence periods for both plantings; 5.6 cm of rain fell April 
20-22,and 8.3 cm fell May 16-18; consequently,we expected little mois- 
ture benefit on the sloped ridges versus the other treatments. Later 
rainfall was not heavy enough to cause waterlogging of the field, 
whether ridged or flat. 

In 1975, wet field conditions precluded an early planting,so we 
included four new treatments with the four previously used and planted 
all eight treatments on May 13, the earliest date that conditions 
would permit. The four added treatments were: 

1. Sloped-ridge planting, rib wheel downslope from seeds (SRCD) 
2. Sloped-ridge planting, no press wheel (SRNC) 
3. Top-of-ridge planting, no press wheel (TRNC) 
4. Flat planting, no press wheel (FNC) 

Yields were less in 1975 because we applied less fertilizer and be- 
cause the herbicide treatment was less effective in controlling weeds 
becase of a 15-day dry period after herbicide application. Dry con- 
ditions in July during silking probably also were a factor. We did 
obtain larger differences among treatment yields in 1975 than were 
found in 1974. SRCO and SRCU gave 5613 and 5719 kglha, TRCO gave 3981 
kglha, and FCO gave 4898 kglha. SRCO and SRCU yields averaged togeth- 
er were significantly higher than either TRCO yields (1685 kg/ha dif- 
ference), or FCO yields (768 kg/ha difference). Treatment SRCD, with 
the rib press wheel downslope from the seed row, gave the greatest 
yield, 6127 kglha, but this was not significantly diFferent from the 
other sloped-ridge treatmect yields. The treatments with no press 
wheel, SRNC, TRNC, and FNC, gave yields of 5199, 3582, and 3907 kglha, 
all of which were lower, but not significantly, than for corresponding 
treatments in which press wheels were used. 

The large differences among yields for the treatments in 1975 may 
have been caused by the 15-day dry period immediately after plant- 
ing. Measurements of soil moisture at seed depth 13 days after plant- 
ing showed average moisture levels for all the treatments except FNC 
and TRNC to be between 25 and 27 percent on a dry-weight basis. The 
FNC and TRNC treatments, which gave the lowest yields and stands, 
averaged 21-and 22-percent moisture. The treatments compacted by the 
concave press wheel over the seed row, SRCO, TRCO, and FCO, gave fas- 
ter emergence and significantly greaterstands than the other treat- 
ments. SRCU and SRCD, with rib press wheel compaction to the sides of 
the seed rows, gave the greatestyields,but had significantly smaller 
stands than SRCO, TRCO, or FCO. We believe that the lack of compac- 
tion over the seeds for SRCU and SRCD could have retarded emergence 
and reduced stand early in the season because of moisture evaporation 
from the soil over the seeds but thablater in the season,the rib 
wheel compaction by the seed row provided better capillary flow of wa- 
ter to the plants from below and improved their yield. 

The results presented indicate that seedbeds can be optimized to 
obtain higher yields by using sloped ridges and special compaction 
procedures. Press wheels were used for two purposes: 1) to promote 
capillary rise of moisture to the seeds in a dry spring and 2) to 



compact the surface layer of soil above the seeds for reduction of 
moisture loss in vapor form. To avoid droughtiness in sloped ridges, 
seeds were planted along the slope of the ridge, not at the top, but 
where the seeds would be above the bottoms of the drainage furrows. 

From our results, we see a need to test the effect of compaction 
with the concave press wheel over the seeds, combined with compaction 
by the rib press wheel on one or both sides of the seeds. We believe 
this treatment will result in larger stands during dry springs. We 
intend also to investigate in further work the effects of different 
soil types, different crops, and planting in other than east-to-west 
directions because some fields cannot be planted east to west. We 
intend to obtain more data on temperature, moisture, aeration, and 
compaction of the soil. In the 1974 and 1975 plantings, we used 
several operations in making sloped ridges and had to run the 
planting equipment in only one direction. We are presently design- 
ing field equipment that will build ridges and plant in the same 
operation and that can operate in both directions in a field. 
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Effect of a r t i f i c i a l  compact layero a t  shallow depth on t h e  

growth and yield  of i r r i ga t ed  crops ( maize, wheat, pear l -ni l le t ,  

mustard, green gram and pigeon pea ) investigated i n  f i e l d  micro- 

plots  on a loam s o i l  has been reported. The crop growth and yields 

were adversely affected by a compact l ayer  a t  shallow depth. To 

coinpensate t h e  ea r ly  s e t  back in growth by compact layer,  root and 

plant growth continued for  longer time. The reduction i n  t he  y i e l i  

of cerea l  crops was l e s se r  than tha t  o f t h e  other crops s t ~ d i e d .  

The r e su l t s  suggest t ha t  t h e  crops having t a p  root system a re  more 

susceptible t o  sub-surface conpaction a t  shallow depths than cerea- 

l s  crops having fibrous root system. 

h c h a n i c a l  manipulation of s o i l  f oms  a compact l ayer  in 

root zone a t  shallow depth. In s o i l s  having such a compact layer,  

root  growth and a c t i v i t y  may be r e s t r i c t ed  as  a r e s d t  of mechani- 

c a l  impedence (&rley, 1963;  an& .& a. 19741, insuff ic ient  

aerat ion ( Rickman .& A. 1966 ) and reduced uptake of nutr ients  

( Khanna & a. 1974; ~runrmel, 1975 1. The r e s t r i c t ed  root develop- 

ment may reduce plant grovth and yield  of crops. Under t h e  s i tua-  

t i on ,  is it neces sa ry to  loose t h e  dense sub-soll by deep plough- 

ing t o  ensure m-nLmum yie ld  ? 

At present, l i t t l e  progres:; has been made toward a quanti- 

t a t i v e  evaluation of t he  allowable l i r m i t s  of compact l ayer  a t  ... 
shallow depth for  dif ferent  crops. h t h  t h i s  view, t h i s  study wsr; 

undertaken t o  invest igate  t he  e f f ec t  of a compact l ayer  a t  shallov 

depth on t h e  growth and y ie ld  of some i r r i ga t ed  crops. 



Mb¶ZtIALS AND METHODS: 

Replicated f ie ld  micro-plot experiments were conducted on 

Hissar learn s o i l  (61% sad , .  2 d  sil t  and 18% clay) from 1970 t o  

1974 with wheat, aaize, pearl millet, mustard, green grant and 

pigeon pea. Zhe pH and EC of 1:2 s o i l  water suspension and extract 

were 8.4 and 0.6 mrahos/cm a t  2 5 ' ~ ~  respectively. The s o i l  retained 

18 and 7 per cent moisture at 1/3rd and 15 bar, respectively. Tbee 

sub-surface capaction treatments were: 

3 i ) .  Ne compaction (bulk density 1.4/1.5 g/m 1, 
3 . b i e r a t e  compaction (1.6/1.7 g/cn 1, and 

3 
iiiIe Severe canpaction (1.8/1.9 g/an ) as  a 5 cm th in  ccanpect 

layer wit- 25 cia of root zone. The bulk density of normal s o i l  
3 was around 1.45 g/an . The cmpact layer of desired bnlk density 

was prepared mnillslly with moist s o i l  ( 17-18 per cent moisture ) 

before sowing of arops. 

Elant height vas recorded an different dates as  growth hdex. 

Rod penetration was determined, either by placement of 3 2 ~  below 

the wmpsct layer ( Smgvsn & a. 1974; &rwal & $t. 1975 ) ar 

by excavation and washing. Final yield of grain and s ta lk  was 

recorded and percentage reductton in gra in  yield over no compaction 

and moderate cclnpaction was calcuiated. 

RESULTS ff iD DISCUSSION: 

i), Cmr, Crop growth responded very clearly t o  snb-sur- 

Pace canpaction ( Table 1). The signiffcant differences i n  height 

of maize, pearl millet and mustard a t  t h e e ,  four and eight weeks 

af ter  sowing in  presence of compact layer shows an adverse effect 

m early growth. The differences in  maize and pearl millet were 

not significant a t  t en  weeks a f te r  sowing, whereas sfgnificant 

differences existed a t  eleven weeks after  sowing in mustard. %is 

envisages that  crops with tap root system are more susceptible 

t o  sub-surface campaction a t  shallow degth than cereal crops Wre 

maize and pearl m U e t  w i t h  fibrous root system. Sangwan & a. 
(1974) conjedured t h i t  hard sub-soil horizons will do more ham 

t o  legmes compared t o  cereals havile fibrous root system.aant 



height a t  slx weeks a f t e r  sowing was reduced significantly in 

green grea and pigwn pea by a corcpaet layer a t  shallow depth. 

Table 1. S e n t  growth a s  affected by sub-surface c a p a d i o n  in 
c rop .  

~ 0 . 0 ~  r u n t  aelgm t c la~  
Cl.w Weeks a f t e r  G.D. 

Smb-surface compaction a t  
0 .  xo Moderate Severe 5% 

Pearl &et 4 86.9 
( 1 9 ~ )  10 191.3 

bean  g r a ~  h974? 8 48.0 

Pig- Pea (19741 6 68.0 

b p t h  cf rooting appears t o  be a iamctim of plant height 

(Ghildyal.& a. 1974). Sangwan & &I.. (1974) and &ram1 & a&. 
(1975) reported a cmsideagble decrease in i n i t i a l  root penetra- 

t ion vhsn a 5 cm thick hard pan of 1.6/l.7 and 1.8/1.9 g/en 
3 

balk density was present wlthin 25 ca of root zone. With t h e ,  

more roots penetrated though hard pen, particnlarly in cereals. 

Decrease in root penetration i n  presenoe of a hard pan was more 

in crops w i t h  tap root system than in cereals [Sangwsn u. 
1974). Bod penetration as measured by 3 2 ~  act iv i ty  i n  plants 

(wheat, barley, chick pea and pea ) on different days a f t e r  

germination is shown i n  table 2 .  Whscnt and barley seem t o  be 

more tolerant t o  mechanical impedence in initial growth stages 

than pea and chick pea. A restr icted root growth wader sub- 

sarfoce ccuppction, m y  limits the  uptake of nutrients. Fried 

and fkeeshart (19671, and Dmielsoq (1972) reported reduced 

uptake of phosphate on poor structure so i l s  r e s t r i d i n g  root 

growth. 
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t e d  with root growth. 

Table 3. h a i n  and s t a lk  f i e ld  of crops a s  affected 57 sub-c::-f2ce 
conpction.  

crop e l  (g/$) 
Sub-m-face coanact lor, C .7. 

Xo Ybderate Severe s t  
conp;ac- conpact- corcpac- 5~ 
ti& ion t ion 

\ 

Wheat Grain 336 388 352 3.S. 
(1970) Sta lk  488 388 344 N.S. 

Maize grain 344 
(1971) a3.k 2182 

xustard Grain 147 94 60 22.2 
(1973) Sta lk  580 438 32 8 119.C 

Green gram Grain 140 96 83 24.1 
(1974) %lk 172 I@ 76 38.9 

Pigeoq Paa Grain 64 39 17 11.7 
(1974) Stalk 573 4 C1 250 50.5 

The reduction i n  t h e  grein yield  of mustard, green graz 

and pigeon pea was of t he  order of 30-40 per cent e t  ~ c d e r a t e  level 

of sub-surface compction, whereas in cereals wither there  was no 

yield  reduction o r  upto 5 per cent a t  t h i s  sub-surface con?pact?cn 

(Table 4). Prihsr  .& A. (1973) reported no adverse e f f ec t  of 

dense leyer  a t  22-26 an depth on the y ie ld  of i r r i ga t ed  wheat. 

Table 4. Yield reduction i$) et  moderate and s e w r e  sub-surface 
compaction. 

Crops Reduction a t  -%dnctlon a t  Reduct ion 
noderate COS- severe conpa- a t  severe 
paction over c t ion over compaction 

control. c o ~ t r o l .  over mcdef- 
a t e  conpac- 
t ion .  

Wheat (1970) t15.3 i4.7 +3.3 
Maize (1971) i14.C 30.8 39.3 
Pea r l  n l l l e t  (1972) 5.8 23.3 20.3 
Mustard (1973) 36.1 59.2 36.2 
Green gram '(1974) 31.4 40.7 13.5 
pigeon Pea (1974) 39.1 73.4 56.5 

+ b d i c e t e s  perczntz(?c i nc~ease .  



:: severe sub-surfece co~:;act~on, the grain y ie ld  of c r o ~ s  ~e.r?i;cac! 

rl.3 the  reducttons were of t he  order of 4C-70 per c e ~ t  i n  c r o p  &t i '  

t.::'p root system. The reduction ix maize azd. >ear l  n i l l e t  T,.J~S of ft'-i. 

o7dc;r of 23 t o  3 C  per cent a t  t h i s  su5-surf?ce cczpadioa.  The p - e r -  

t e r  y ie ld  reciuction in Crops rd th  t ap  root system a?: a t t r i bu t s3  t o  

the  l imitad root 2cr.e 3r poor contazct of I-oot? ~ i t h  soi! par t ic les  

as  t he  t a p  root go!.rth -m.e,-ticaIiy ceasfs when encounters a hi.ei~ 

strerigth pan a t  s:?a:iow depth. '.J;j.ght of nustarc! roots  2% flojrering 

4'23 5-7, 2.2 end 1.7 g/plent s t  no cor,pa&.c,icn, n ode rate end severe 

com~action, respectively. . The l a t e r e i  govk,",h of roots ovtrr herd- 

pan was zuch more 3.a cereals then in l egmes  idCTaval & ei;. 1075; 

Sio,c.&n & a. 1374 sad t h l s  ;dcre,-.sed root p ro l i fe ra t ioa  eppesrs 

t o  redwe the  s t r e s s  l eve l  a t  vEch  the plant co-dd obtaFne3 water 

su2ply aad n u t r i a t s .  Lo-a-y & d. (1970) reported rest-icted 

m t e r  suprly due t o  l i a i t e d  rooting volme m d s r  sub-surface compzc- 

tim. The e f f e c t  of subsur fsce  compaction on plant gro,..th 6x12 yieT3 

par t icu la r ly  i n  cereals coulZ be reduced by higher nutr ieat  dressi-  

cgs snd f ieqdent  i r r ig8 t inns ,  ?xdt ccrops with t a p  -cot system be 

z?oided or deep t i l l a g e  t o  break the  ha-? pen be practised for  Frur- 

t e r  .yield. 

Author is thankful t o  i ) .  InZian Council o? A r ~ i c U l t v % l  
%search, New >elhi,  for  f b a c c i z l  ass is tance un2er Improve- 
ment of Soi l  Physical conditions t o  increase production of 
pro'clenatic areas project  and i f ) .  Professor B; Eead, ileptt. 
o f  Soils,  and a i r e c t w  of Research, Havana ig r i cu l tu ra l  
n vciverstty, Hiesar, for t h e i r  keen interest .  
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NO-TILLAGE PRODUCTION MANAGEMENT SYSTEMS FOR HILLY TER??IN 
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USDA-AX, Division of Plant Sciences, West Virginia University, 
Morgatown, West Virginia 26506. 

ABSTRACT 
FielC. studies were conducted i n  t he  Appalachian mountain area 

t o  determine the f e a s i b i l i t y  of growing corn ( ~ e a  mays L. ) ,  a sorghum 
sudan hybrid (Sorghum halepense (L. ) Pers. j var ie ty  Sudax, and other 
plant species i n  sods of several  grass species. 'I'he objective was t o  
develop management systems i n  which row crops can be grown i n  sod 
suppressed by herbicides t o  provide a continuous cover fo r  water 
retent5.on and reduced s o i l  erosion. Silage y ie lds  of corn and sudax 
grown i n  suppressed sods of smooth bromegrass (Bromus inermis Leyss.), 
orchardgrass (Dactylis glomerata L. ) , and Ky-31 t a l l  f-r~estuca 
arundinacea gchreb.) was equal t o  or  greater  than yields  with con- 
ventional t i l l a g e .  Timothy (Phleum pratense L. ) and bluegrass (& 
pratensis L. )  were k i l l e d  with low herbicide ra tes .  

INTRODUCTION 
Reduced or  no-tillage corn production systems have been studied 

by several  workers (1, 3, 4 ,  6,  7, 8 ) .  Most of these s tudies  were 
conducted i n  previously k i l l e d  sod or  i n  corn stubble on Class I or  
I1 l m d .  In  h i l l y  t e r r a i n ,  no-ti l lage systems can s ignif icant ly  
reduce runoff and erosion u n t i l  the  k i l l e d  grass mulch is  l o s t ,  but 
then the  area must be reseeded t o  prevent majoy s o i l  erosion (2 ,  3, 
5 ) .  Therefore, a no-ti l lage system with a suppressed, ra ther  than a 
k i l l ed ,  sod would be highly desirable.  In  developing such a manage- 
ment system, t he  choice of sod species i s  a predominant factor.  For 
h i l l y  t e r r a i n  grass species t h a t  have a wide herbicide tolerance 
range and can remain semidormant f o r  long periods and then rapidly 
recover are highly desirable (2,  3 ) .  

EXPERIMENTAL PROCEDURE 
Field s tudies  were conducted from 1966 t o  1968 i n  West Virginia 

on a Ult ic  Hapludalfs, fine-loamy, mixed, mesic s o i l  t o  determine the  
effect  of two ra tes  of atrazine (1.7 and 3.5 kgjha) with 0.56 kg/ha 
of paraquat on s i lage  yields  of corn no - t i l l  planted i n  smooth brome- 
grass (Bromus - inermis Leyss ) , orchardgrass ( ~ a c t y l i s  fllomerata L. ) , 
timothy (Phleum pratense L. ) , Ky-31 tall fescue (Festuca arundinacea 
Scbeb)  , or  Kentucky bluegrass (& pratensis  L. ) . 4 s p l i t  p lo t  
experimental design w a s  used i n  which sod species and t i l l a g e  systems 
were main p lo ts  and atrazine r a t e s  were subplots. Each p lo t  had f ive 
replications.  Hay was harvested annually i n  May and plots  were 
f e r t i l i z e d  uniformly with a broadcast application of 112, 49, and 
142 kg/ha of N ,  P ,  and K. New Jersey-8 var ie ty  f i e l d  corn was 
planted on June 6,  1966, and June 10 ,  1967, with a special ly  designed 
sod planter.  Atrazine and paraquat were applied immediately a f t e r  
planting. 

A second study was conducted i n  1968 and 1969 near Morgantown, 
West Virginia t o  determine the effect  on s i lage y ie ld  of removing 
the hay vs. leaving it as a mulch. New Jersey-8 var ie ty  of f i e l d  
corn was no - t i l l  planted i n  June a t  50,000 plants/ha i n  Ky-31 tall 
fescue and orchardgrass sod on an Aquic Hapludult, clayey, mixed, 
mesic s o i l  with a 15% slope. Treatments included two ra tes  of 
atrazine (2.24 and 4.48 kg/ha) i n  combinations with two r a t e s  of 
paraquat (0.28 and 0.56 kg/ha) on each sod species both with and 



without hay removed. A sp l i t -p lo t  design with four repl icat ions  was 
used with sod species as  main p lo ts ,  cut t ing treatments of forage as 
subplots, and herbicide r a t e s  as sub-subplots. A l l  p lo t s  were fer-  
t i l i z e d  uniformly with a broadcast application of 168, 49, and 93 
kg/ha of N,  P, and K. Corn was harvested for  s i lage when i n  the l a t e  
dough stage. 

A t h i r d  study was conducted i n  1970-72 on an Aquic Fragiudults, 
fine-loamy, mixed, mesic s o i l  with a 12% slope t o  determine e f fec t  of 
atrazine r a t e s  on bromegrass hay yields  and s i lage  yields  of corn no- 
till planted i n  bromegrass sod. Atrazine was applied a t  1.68, 2.24, 
2.80, 3.36, 3.92, and 4.48 kg/ha with 0.56 kg/ha of paraquat. A crop 
of hay was removed annually and the area f e r t i l i z e d  with 224, 73, and 
139 kg/ha of N ,  P, and K. Plots were then sprayed with appropriate 
herbicide ra tes  and planted t o  SS-866 var ie ty  of f i e l d  corn. A 
randomized complete block experimental design with four repl icat ions  
was used. 

A fourth study was conducted i n  1969 and 1970 t o  determine the  
potent ia l  of interseeding Sudax (Sorghum halapense (L. ) Pers. ) a 
sorghum-sudan hybrid, i n t o  stands of Ky-31tal l  fescue, orchardgrass, 
or  timothy without k i l l i n g  the grasses. Paraquat was used a t  0, 
0.28, and 0.56 kg/ha i n  a randomized complete block design with four 
replications.  Sudax was planted i n  38-cm rows a t  the  r a t e  of 28 
kg/ha on August 15, 1969, and June 17,  1970, using a sod planter.  
One harvest was made i n  1969 and two i n  1970. Yield determinations 
are based on plant samples oven dr ied a t  65 C .  P lots  were f e r t i l i z e d  
each year with U 8 ,  34, and 65 kg/ha of N ,  P, and K. 

RESULTS AND DISCUSSION 
In 1966 and 1967, uniform populations of corn were obtained i n  

all sod species. Corn grew fa s t e r  i n  bromegrass sod than i n  sod or  
other grass species bcth years; however, corn grew fa s t e r  i n  sod of 
all f i v e  grass species than when grown under conventional tillage. 
I n  1966, t he  f a s t e r  growth of corn i n  bromegrass sod continued u n t i l  
ear ly  tasse l ing ,  a t  which time the plants showed N deficiency. 
Bromegrass regrowFn was heavy, especially a t  the  low ra tes  of a t ra-  
zine, and N supply was insuf f ic ien t  for  optimum growth of both corn 
and bromegrass. An addit ional 90 kg/ha of N was applied t o  a l l  p lo t s ,  
but corn yields i n  bromegrass plots  was i r revers ib ly  reduced. In 
1966, corn s i lage  yields  from no-ti l lage p lo t s  were highest i n  tall 
fescue sod with t he  3.4-kg/ha atrazine r a t e  and lowest i n  bluegrass 
sod a t  the 1.7-kg/ha atrazine r a t e  (Table 1 ) .  The lowest y i e ld  (27.1 
t / h a )  was from the conventional t i l l a g e  treatment with 3.4 kg/ha 
atrazine.  Much of the  y i e ld  difference i n  sod-planted corn could be 
associated with the substant ia l  regrowth of bromegrass , orchardgrass, 
and tall fescue a t  the  lower atrazine ra te .  

Significant y ie ld  differences were again associated with sod 
species and atrazine r a t e s  i n  1967. The highest y ie ld  (72.7 t / h a ) ,  
produced i n  bromegrass sod with 3.4 kg/ha of a t razine,  was more than 
double the  y ie ld  from conventional t i l l a g e  p lo t s  a t  the  same atrazine 
ra te .  Corn s i lage yields  i n  bromegrass, timothy, orchardgrass, and 
fescue sods were higher with the higher r a t e  of atrazine;  however, 
s i l age  yields  i n  Kentucky bluegrass sod were lowest a t  the  higher r a t e  
of atrazine.  Silage y i e ld  differences were again associated with 
r a t e s  of atrazine and sod regrowth of bromegrass, orchardgrass, and 
t a l l  fescue. A t  the  low atrazine r a t e ,  orchardgrass crowded out the 
corn, resul t ing i n  no s i lage yield.  However, corn s i lage  yields  were 
good i n  orchardgrass a t  the  higher atrazine ra te .  

The major objective of t h i s  study was t o  determine i f  sod-planted 
corn can be grown i n  a double-cropping system with hay removed i n  the  
spring and followed by a corn crop. A l l  p lo t s  were harvested for  hay 



Table 1. Effect of r a t e s  of a ~ r a z i n e  on s i lage  yields  of corn sod 
planted i n  f ive  grass species,  and on hay yields  i n  the  spring 
following corn harvest ,  Point Pleasant, West Virginia. 

Silage y i e l d s - 3 5 g ~ ~  Hay yields-DM 
Sod 1966 1967 1967 1968 

Species Atrazine-kg/ha Atrazine-kg/ha Atrazine-kg/ha Atrazine-kg/'na 
1.7 3.4 1.7 3.4 1 .7  3.4 I. - 3.4 - 

.......................... t / ha  
Bromegrass 33.2 35.2 65.6 72.7 4.0 3.2 4.9 2.4 
Timothy 41.7 39.9 59.2 63.2 0 0 1.8 0 
Bluegrass 31.8 40.4 54.7 46.2 0 0 0.1 0 
Orchard- 
grass 32.3 38.8 0 46.2 2.5 0.7 4.4 0.8 

Fescue 42.6 46.4 18.4 66.4 3.1 2.2 4.4 1 .3  
Plowed 28.2 27.1 46.0 30.7 
LSD 0.05 4.95 7.11 0.94 0.97 
yields  each s e a r  immediately before corn was planted. Hay yields  i n  
i966 before herbicide applications ranged from about 2.4 t o  almost 
4.0 t / h a  depending on the species. Hay yields  i n  the  spring of 1967 
varied widely among species due t o  atrazine raze (Table 1). Atrazine 
k i l l e d  timothy and bluegrass. Bromegrass, orchardgrass, and Ky-31 
t a l l  fescue made good recovery a f t e r  the  f i r s t  corn crop. Hay yields  
were highest a t  the  low atrazine r a t e ,  with bromegrass producing the 
highest hay yields  of any species a t  both atrazine ra tes .  The small 
timothy and bluegrass yie lds  i n  1968 a t  t h e  low atrazine r a t e  were 
due t o  natural  reseeding, not from sod recovery. After 2 years of 
double cropping for  no - t i l l  corn and hay production, grass stands 
were excellent (nearly 100%) f o r  bromegrass , orchardgrass, and t a l l  
fescue a t  t he  low atrazine r a t e  and averaged approximately 85% for 
bromegrass and t a l l  fescue a t  the  high atrazine ra te .  

Silage yields from corn sod planted i n  orchardgrass and tall 
fescue as affected by r a t e s  of atrazine and paraquat and removal of 
hay are  given i n  Table 2. Average hay yields  before planting corn 
i n  1968 were approximately 4.7 and 6.5 t / ha  f o r  orchardgrass and tall 
fescue, respectively. In  1968, corn s i lage yields  were highest (38.6 
t / ha )  when planted i n  uncut orchardgrass sod a t  the  higher r a t e s  of 
atrazine and paraquat. Corn s i lage  yields  i n  orchardgrass sod were 
higher f o r  most treatments i n  the  uncut grass than where hay was 
removed, except where the lower ra tes  of atrazine and paraquat were 
used. Conversely, s i lage yields  i n  tall fescue sod were always 
greater  when hay was removed. When tall fescue hay was removed, corn 
s i lage  yields  did not d i f f e r  among atrazine or  paraquat ra tes .  When 
t a l l  fescue hay was not removed, yie lds  were s ign i f ican t ly  increased 
by using the  higher atrazine r a t e s  and by the higher paraquat r a t e  
applied with the lower atrazine r a t e .  Evidently, t he  heavy grass 
growth harbored injurious insec ts ,  shaded the ear ly  corn plant 
growth, and caused some competition for  s o i l  moisture and nutr ients .  

I n  1969, corn s i lage  yields  were highest i n  the  uncut p lo t s  of 
both orchardgrass and fescue when 2.24 kg/ha of atrazine plus 0.56 
kg/ha of paraquat were applied.  The high r a t e  of paraquat increased 
y i e ld  of corn i n  orchardgrass sod whether t he  hay was removed or  l e f t  
uncut. Since paraquat i s  a contact herbicide, t h i s  iricreased s i lage  
y i e ld  probably represents a f a s t e r  k i l l  of the  orchardgrass with 
resul tant  l e s s  competition for  available s o i l  moisture. Corn grown 
i n  t a l l  fescue sod also produced higher yie lds  when t rea ted  with 0.56 
kg/ha of paraquat except on the uncut p lo t s  a t  the  high r a t e  of 
atrazine.  

Grass reco'rery was considerably l e s s  a t  the higher vs. the  

3:3  



Table 2. Effect of atrazine and paraquat applied on two sod species, 
with and without hay removal on s i lage  yields  of sod planted corn. 

Corn Silage Yields (35% Dm Matter) ,  
Treatment 1968 1969 - 
Herbicide I C Y - 3 1  KY-31 

r a t e s  Orchardarass T a l l  Fescue Orchardarass T a l l  Fescue 
Atra- Para- Hay Grass Hay Grass Hay Grass Hay Grass 
zine quat Removed un-cut Removed un-cut Removed un-cut Removed un-cut 
kg/ha kg/ha ......................... t / ha  .......................... 

2.24 .28 32.2 21.8 29.0 17.0 38.2 31.8 61.4 55.7 
4.48 .28 28.5 35.7 30.1 22.2 34.4 41.2 53.8 60.2 
2.24 .56 32.2 33.7 30.4 19.2 49.6 55.2 66.6 72.8 
4.48 .56 34.0 38.6 31.4 22.1 48.3 49.7 60.7 60.9 

Average 31.73 32.45 30.22 20.13 44.88 44.48 60.63 60.4 
Conven. T i l l a ~ e  17.19 
S t a t i s t i c a l  analysis probabil i ty levels  a t  whi& F r a t i o s  a r e  
s ignif icant :  Between-sod species - . O 1  (1968) and .001 (1969); Hay 
removed o r  uncut - .05 (1968) and N.S. (1969); Between r a t e s  of 
paraquat - N.S. 
lower a t razine ra te .  However, suf f ic ien t  grass was present t o  pro- 
vide a good mulch a t  both atrazine ra tes .  The higher paraquat r a t e  
was more important when the grass was l e f t  uncut than when harvested 
f o r  hay. This would be expected since addit ional paraquat was needed 
t o  quick-kill t he  large quantity of plant growth present and thus 
avoid appreciable s o i l  water l o s s  by t ranspirat ion.  In  general, 
s i l age  yields  from corn sod planted i n  both grass species were higher 
than yields  from conventional t i l l a g e  i n  1968, but  only from tall 
fescue i n  1969. The merits of leaving a large mount of plant 
m a t e r i d  as a mulch ra ther  than removing it as a hay crop i s  question- 
able. Apparently, suf f ic ien t  mulch is l e f t  when the grass i s  cut for  
hay t o  provide adequate s o i l  protection and reduce evaporation. 

Additional studies were conducted i n  1970-1972 t o  determine the  
most desirable r a t e  of atrazine for  use on bromegrass i n  a continuous 
hay-no-tillage corn production system. The e f fec t  of ra tes  of 
atrazine on hay and corn s i lage  yields  are shown i n  Table 3. Corn 

- 
Table 3. Effect o r r a t e s  of atrazine on corn s i lage  yields  sod 
planted i n  bromegrass and bromem-ass hay y ie lds ,  Morgantown, W. Va. 
Treatment* 1970 -. - 1971 1972 . - 
E a z i n e  Silage - Hay Silage Hay S i l w e  

kg/ha %/ha ....................... 
1.68 22.09e** 4.03a 31 .05~  3.54bc 44.84a 
2.24 33.65d 3.54ab 31 .17~ 4.48ab 3 8 - 3 3  
2.80 57-OBb 3.04bc 30.34~ 4.0lbc 44.58a 
3.36 48 .67~  3.29ab 31 .67~  5.15a 39 .75~ 
3.92 55.96b 2.70bc 41.38a 3. l lcd 42.82bc 
4.48 64.66a 2 . 1 0 ~  39.33 2.86d 43.70ab 

* I n  addition a l l  p lots  were sprayed with 0.56 kg/ha of paraquat. 
** Values followed by same l e t t e r  for  treatments within s m e  year are 
not s ignif icant ly  different according t o  Duncan's multiple-r-ange t e s t .  
s i lage yields  generally increased with increasing r a t e s  of atrazine - - 
i n  1970 with the exception of the 3.36-kg/ha ra te .  Yields ranged 
from 22.1 t o  64.7 t / ha  and were generally i n  proportion t o  the  re- 
growth of bromegrass sod. Hay yields  i n  1971 ranged from 2 t o  4 t / h a  
and decreased with increasing atrazine ra tes .  Even a t  the  highest 
atrazine r a t e  (4.48 kg/ha) bromegrass had appreciable regrowth. The 
1971 corn s i lage  yields  were nearly equal for  the  1.68- through the  
3.36-kg/ha atrazine ra tes .  Only the 3.92 and 4.48 kg/ha atrazine 
ra tes  produced higher yie lds .  In  1971, corn s i lage yields  were 



reduced by wind damage. I n  1972 tine hay yields  taken before 
planting corn show an increase f o r  the 1.68- t o  the  3.36-kglha 
atrazine ra tes .  One would nornally expect a reduction i n  bromegrass 
regrowth a f t e r  2 years of atrazine applications,  but  increased hay 
yields  were obtained a t  all but the  highest atrazine ra te .  Silage 
yields  of corn i n  1972 did not d i f f e r  s ignif icant ly  between the low- 
e s t  and highest r a t e  of atrazine. Sromegrass stand was excellent on 
a l l  p lots  a f t e r  corn harvest ,  in.licating tha t  a double-cropping 
system using bromegrass for  both hay and corn i s  feasible.  A t  all 
locations,  l i v e  bromegrass actual ly  stimulated the corn growth. 

Yields of Sudax planted i n t o  sods of three grass species as 
affected by paraquat treatments are  showj i n  Table 4. In  1969, 
yie lds  were small because s u d z  was not planted u n t i l  mid-August. 
However, suf f ic ien t  infomation was obtained t o  indicate the feas- 
i b i l i t y  of t h i s  productior, technique. Good stands of sudax were ob- 
ta ined i n  a l l  grass species, even when no paraquat was used t o  
suppress the  sod. SuSax yields  i n  fescue sod were highest without 
paraquat application. Sudax i n  orchardgrass sod produced the highest 
y i e ld  when 0.28 kg/ha of paraquat was applied. Yield of Sudax grown 
i n  timothy sod increased with increasing r a t e s  of paraquat. 

The two harvests of sudax made i n  1970 had comparable yields.  
Rates of paraquat had l i t t l e  or  no e f fec t  on t o t a l  yie lds  of sudax 
planted i n  anji of the three sod species. These data indicate t h a t  
good yields  of sudax interseeded i n t o  exis t ing sod, can be obtained 
providing t h a t  the  sudax i s  pleated soon a f t e r  grass i s  harvested t o  
avoid appreciable grass regrowth. Good regrowth of the  three sod 
species were obtained a f t e r  sudax was harvested. 

Other studies have been conducted i n  West Virginia on t'ne no- 
t i l l a g e  technique for  production of potatoes and tomatoes. I n  
general, both of these species have yielded s ignif icant ly  higher when 
the  no-tillage production technique was used as compared with 
conventional t i l l age .  More than 64 t / ha  of marketable tomatoes were 
produced where tomatoes were no - t i l l  planted i n  rye sod. Potato 
y ie lds ,  when no - t i l l  planted i n  rye sod, averaged more t h a  33 t / h a  
over a 3-year period. 

Table 4. Hay yields  of -~;dax interseeded i n  thre; sod species 
sprayed with three r a t e s  of paraquat,. Moz-gantown, West Virginia, - 

Sudax hay &elis 
1969% 1270. . , - 

Sod F i r s t  Second Total  
Species Paraquat Cuttine; htt  in^ -Ha?= 

kg/ha t l h a  
Fescue 0.00 1.8  5.3 4.6 9.9 

0.28 1.3  4.8 5-9 10.7 
0.56 1 . 6  5.0 6.2 11.2 

OrcharQrass 0.00 1.0 4.8 4.0 8.8 
0.28 1 . 9  5-0 4.2 9.2 
0.56 1 .7  5.0 4.2 9.2 

Timothy 0.00 0.9 5.4 5 .1  10.5 
0.28 2.2 5.4 4.0 9.4 
0.56 3.7 5.0 6.0 11.0 

LSD 0.62 N.S. N.S. N.S. - - -  - 
*Planted i n  August 
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ABSTPACT . 
After a discussion of homogeneity of soil structure with re- 
spect to mean pore space, pore size and oxygen diffusion rate, 
a soil rootability index is defined and an example of a roota- 
bility experiment is discussed. 

1. VARIABILITY OF TOTAL PORE SPACE. 
Soil structure is the mutual arrangement and binding of the so- 
lid particles. Soil structure homogeneity can be defined as the 
inverse of the smallest volume that represents correctly the 
whole (Kuipers a.0, 7966). Samples smaller than this represen- 
tative volume will show an increasing variability with a decrea- 
sing sample volume. In table ? samples of 80, 40 and 20 cc from 
a tilled and untilled heavy marine silt soil are compared. 

I \volume 1 standard deviation 

Variability of pore space of the tilled soil is clearly higher 
than of the more compact untilled soil. With both soils there 
is only a minor influence of sample size on variability. This 
indicates that sample size is not very critical in this range. 
Whereas 20 cc is already a rather unpractical small size for 
routine determination, samples of at least 100 cc are prefer- 
red for homogeneity determinations based on total pore space. 

table 1 

ploughed 

untilled 

On a tilled and a four years untilled fine textured river le- 
vee soil pore space and root dry weight in 100 cc samples ta- 
ken at the same distance from plant rows (peas at flowering) 
were determined (table 2). 

p.v. 
(v/v) 

45,7 
38,4 

In the second half of the arable layer there is a significant 
positive relation between root weight and pore space. Even in 
these cases variability in root weight is explained only to a 
small extend by pore space. 

80 

3221 

1.49 

table 2 

ploughed 

untilled 2-7 
12-17 

I 22-27 

root dry 
weight 
(mgr) - 
Y 

28,8 
17,5 
11,5 

40 

3.55 
1955 

depth 
(cm) 

, 2-7 
12-17 
22-27 

48,2 1 35,4 
4793 1390 
47,8 I 9,O 

20 

3,74 
1,67 

y = a x + b  

y = 0,2x + 20,7 
y = l,2x - 41,2 
y = 0,4x - 10,7 

p.v. 
(v/v) 

- 
x 

55,l 
5039 
50,9 

= Ilkx - 31,O 
7 = 2 , 3 ~  - 93,8 
y = 1.2~ - 50,l 

'a 
0172 
0,54 
0,47 

corr. 
coeff. 

r 

0103 
0,33 
O,l5 

1,22 
0-64 
0188 

0 ~ 1 8  
0950 
0922 



2. VARIABILITY OF PORE SIZE DISTRIBUTION. 
Larger pores are likely to be more susceptible to compaction - - 

than smaller pores. Nevertheless even in very compact soils ra- 
ther large pores may be present, be it in a small number (Boo- 
ne a.0. 1976 (1)). A procedure has been developed for measuring 
directly the number and spatial distribution of different pore 
size classes on large series of soil samples. Air dry undistur- 
bed soil saples are polished very gently, using abrasive paper. 
Loose solid particles that may cover pores are removed by air 
suction and a photograph is taken. With a scanner (Quantimet 
720) quantitative measurements can be made very fast (Jongerius 
1973). Pores down to about 9Opm are measured quite satisfacto- 
rily. It may be necessary to exclude parts with shrinkage cracks 
from measurement. On a heavy marine silt soil a 5 years untilled 
plot and a ploughed plot were compared. The relation between a- 
mount of pores over a certain size and pore space in the sample 
can be determined for both structures. It appears that these re- 
lations are clearly different for these two structures (fig 1). 

ploughed 

untilled 

On the ploughed soil nearly half the volume of pores 790 pm are 
pores >3000pm. On the untilled soil this is far less. At the 
same total pore space the untilied soil is containing a higher 
volume of pores between 90 and 3000 pm and especially in the 
range 90 - 500 ,urn. 
The standard deviation of volume of different pore size classes 
is higher the larger the pores are. In the ploughed soil sian- 
dard deviation of pore zolume for pores >3000 /um is 13C$ (-10,4), 
for pores 7500 pm 61% (-6,3) and for pores 390 p 43% (-4.4). 
The number, spatial distribution and continuity of the large po- 
res are very importznt in relation to the soil physical growth 
factors as well as rootability. It appears that if soil structu- 
re is to be characterized by large pores, homogeneity is likely 
to be less than if total pore space is regarded. 

3. HOMOGENEITY OF AERATION CHARACTERISTICS. 
Aeration of a wet soil depends to a large extend on continuity 
of the system of large pores. Mean aeration of total soil mass 
of an untilled soil is generally lower than of a tilled soil. 
This appeared very clearly on a heavy river levee soil where ac- 
tive gley was observed in the arable layer of the untilled soil 
:Bocne a.0. 1976 ('I)). Nevertheless rootgrowth needs not to be 



r e a l l y  haapered a s  long a s  s u f f i c i e n t  p l aces  with  an  adequate 
a e r a t i o n  e x c i s t .  Root volume w i l l  never be more than a few per- 
cen t  of t h e  volume of t h e  t i l l e d  l a y e r  even with  very luxur ious  
rootgrowth. Oxygen concent ra t ion  i n  t he  gasphase depends on the  
equi l ibr ium between supply and removal of oxygen. Both change 
cont inuously,  supply by changes i n  water conten t  and consumption 
by extension of t h e  roo t  system and by changes i n  microbia l  ac- 
t i v i t y .  Moreover a l l  t hese  a spec t s  depend l a r g e l y  on depth and 
even a t  cons tan t  depth t h e r e  a r e  l a r g e  l o c a l  d i f f e r ences .  
I n  s o i l  t i l l a g e  experiments i t  turned ou t  t h a t  v a r i a b i l i t y  i n  
oxygen conten t  is g r e a t e r  t h e  lower t h e  mean oxygen concentra- 
t i o n  is. Low mean oxygen concent ra t ions ,  wi th  a  high s tandard  
dev ia t ion  were observed e s p e c i a l l y  below r o o t i n g  depth i n  t h e  
f i r s t  s t a g e s  of crop growth. Var i a t i ons  i n  oxygen concent ra t ion  
t h e r e f o r e  a r e  p r imar i ly  r e l a t e d  t o  t he  oxygen supply. Lowering 
s o i l  water t ens ion  i s  accompanied by l o c a l  s t e e p  decreases  i n  
gasd i f fus ion .  These s p o t s  a r e  cha rac t e r i zed  by a r e l a t i v e l y  low 
number of continuous pores  f i l l e d  with a ir  at  t h a t  p a r t i c u l a r  
s o i l  water tension.  The ic te rconnec ted  p a r t s  of t h e  s o i l  wi th  a 
r e l a t i v e l y  high number of l a r g e  pores  w i l l  con ta in  most roo ts .  
So i t  seems l i k e l y  t h a t  t he  number of s p o t s  with a  good a e r a t i -  
on i s  a b e t t e r  c r i t e r i a  f o r  r o o t a b i l i t y  than the  mean a e r a t i o n  
s t a t u s .  
The oxygen d i f f u s i o n  r a t e  (O.D.R.) emphasizes t h e  oxygen d i f fu -  
s i o n  i n  t h e  t h i n  s a t u r a t e d  s o i l  l a y e r  around t h e  roo t .  The r o o t  
is simulated by a platinum wire with  a  l eng th  of about 1 cm, so 
l o c a l  condi t ions  a r e  very important  f o r  t h e  r e s u l t s .  I n  a  very 
dense s o i l  water conten t  by weight a t  f i e l d  capac i ty  is lower 

water con- 
t e n t  (w/w) 



4. SOIL STRUCTURE AS A RISK FACTOR. 
S o i l  e ~ v i r o n m e n t  i n f l u e n c e s  the l eng th  and p r o l i f e r a t i o n  of a  
r o o t  system, not  t h e  diameter of s i n g l e  roo t s .  Root diameter of 
even f i n e  rooted crops exceeds 100pm. S o i l  exp lo ra t ion  i s  i n i -  
t i a t e d  by r o o t s  of a  lower order  (e.g. main r o o t s ) ,  p r o l i f e r a -  
t i o n  mainly by r o o t s  of higher  order.  Re la t ive ly  t h i c k  r o o t s  a r e  
important  i n  t he  f i r s t  s t a g e s  of rootgrowth and a l s o  with  r e s p e c t  
t o  u l t ima te  e f f e c t i v e  roo t ing  depth. 
I n  a  homogeneous s o i l  with pores  sma l l e r  than r o o t s  (made by dry- 
i n g  a  puddled s o i l  t o  pF 2,O) reasonable  rootgrowth could on ly  
be obtained i f  t h e  water content  was kept  r i g i d l y  constant .  I t  
w a s  observed t h a t  on t h i s  occasion rootgrowth r a t e  of f l a x  a t  pF 
2,O was about h a l f  of t he  r a t e  obtained i n  t h e  con t ro l ,  wi th  a 
favourable  s t r u c t u r e .  I n  genera l ,  t h e  b e t r e r  s o i l  s t r u c t u r e  is ,  
the  l e s s  c r i t i c a l  water conten t  w i l l  be. Therefore s o i l  s t r u c t u r e  
should be judged i n  dependance of s o i l  water condi t ions  t o  be ex- 
pected (Boone 1976 ( 2 ) ) .  
Crop r e a c t i o n s  can be expected when t h e r e  i s  an unbalance between 
c rop  demands and a v a i l a b i l i t y  of water,  i o n s  and oxygen t o  p l a n t  
roo t s .  A sma l l e r  r o o t  system inc reases  t h e  p r o b a b i l i t y  of crop 
r e a c t i o n s ,  e s p e c i a l l y  under marginal condi t ions .  Therefore e a r l y  
s t a g e s  of crop growth a r e  more l i k e l y  t o  be in f luenced  (Finney 
and Knight 1973). For d i f f e r e n t  crops e a r l y  growth may be inpor -  
t a n t  f o r  d i f f e r e n t  reasons.  Spring ba r l ey  e.g. has  a  s h o r t  gro- 
wing season and f o r  sugar  bee t  da te  of crop c losu re  is important. 
I n  genera l  roo t  growth r e t a r d a t i o n  l e a d s  t o  a lower u l t ima te  
roo t ing  depth and/or lower r o o t  densi ty .  Two remarks should be 
made. Root dens i ty  is sometimes higher  than normal below a l a y e r  
with r e s t r i c t e d  roo t ing  (compensation), I n  t h e  second p lace  roota-  
b i l i t y  of s o i l  below t h e  a r a b l e  l a y e r  may be low f o r  var ious  rea-  
sons even i f  v i s u a l l y  s o i l  s t r u c t u r e  seems q u i t e  adequate. 
Heterogeneity of even very dense s o i l  s t r u c t u r e s  i n  t h e  f i e l d  is 
h igher  than i n  model research  with compacted aggregates.  This  com- 
p l i c a t e s  i n t e r p r e t a t i o n  of func t iona l  r e l a t i o n s h i p s  between s o i l  

than i n  a  loose  s o i l  (Kuipers 1961). This  i s  t h e  mean reason t h a t  
O.D.R. a t  f i e l d  capac i ty  i n  an  u n t i l l e d  s o i l  is almost a s  high a s  
i n  the  ploughed s o i l .  A t  t he  same time v a r i a b i l i t y  i n  O.D.R. i s  
higher  with lower t o t a i  pore space ( f ig .2 ;  heavy marine silt s o i l  
a t  pF 2.0). 
Espec ia l ly  i n  a  very dense s o i i  small v a r i a t i o n s  i n  pore volume 
and/or water conten t  have an  enormous impact on O.D.X. Variabi-  
l i t y  of O.D,R.  i n s i d e  undis turbed core  samples is  even higher  
than between samples. The perce tage of s p o t s  with a i n s u f f i c i -  -8 e n t  a e r a t i o n  (O.D.R. (20 x 10 g ~ ~ / c m ~ . m i n )  is  higher  i n  a  un- 
t i l l e d  s o i l  and t h i s  holds  a l s o  f o r  lower s u c t i o n s . ( t a b l e  3 ) .  

Table 3 

ploughed 

u n t i l l e d  

I t  can be concluded t h a t  homogeneity with  r e s p e c t  t o  a e r a t i o n  is  
not  l i k e l y  t o  be r e l a t e d  i n  a  simple way t o  homgeneity of pore 
space d i s t r i b u t i o n ,  because of the  sharp  r e a c t i o n s  observed by 
minor changes i n  pore space and moisture content  e s p e c i a l l y  i n  
a  dense s o i l .  

-8 2 .  
p.v. 

(v/v) 

O.D.R. (10 g 02/cm .rmn.) 

- pF2,O 

Y %<20 

46,0 1 57,4 

39.1 I 40.1 

- PFI 9 7  

Y %<20 

I 6 

43 

- PFI 9 3  

Y %<20 

36.3 
27 , l  

39 

53 

17,4 

12,k 

67 

82 



p h y s i c a l  f a c t o r s  and r o o t  growth. I t  may a l s o  o f f e r  new p e r s -  
p e c t i v e s  if a p h y s i c a l  d e s c r i p t i o n  o f  t h e  s o i l  and an  e m p i r i c a l  
r o o t a b i l i t y  d e t e r m i n a t i o n  a r e  combined. A r o o t a b i l i t y  i n d e x  can 
b e  d e f i n e d  as t h e  r e l a t i v e  r o o t  growth r a t e  o f  u n d i s t u r b e d  sam- 
p l e s  compared wi th  a  s t a n d a r d  s o i l  s t r u c t u r e  of  t h e  same s o i l  
w i th  a  known ve ry  h igh  r o o t a b i l i t y .  The r o o t a b i l i t y  can  e a s i l y  
be t e s t e d  when a very  h igh  number o f  r o o t s  i s  o f f e r e d  t o  .x t e s t  
s t r u c t u r e  d u r i n g  a c e r t a i n  time under s t a o d a r d  environmen:nl 
c o n d i t i o n s .  T e s t s  a t  d i f f e r e n t  s o i l  w a t e r  regimes  w i l l  g i v e  i n -  
f o r m a t i o n  on  maximum r o o t  growth r a t e  a s  w e l l  as on r o o t  growth 
f l e x i b i l i t y .  S o i l  s t r u c t u r e s  w i t h  a h i g h e r  f l e x i b i l i t y  a r c  r e -  
ga rded  t o  be  f a v o u r a b l e .  A s a f e  lower  l i m i t  o f  s o i l  s t r u c t u r e  
can be  found by comparing t h e  number, a r e a  and d i s t r i b u t i o n  o f  
t h e  s p o t s  t h a t  have a h igh  r o o t a b i l i t y  even under  ext reme con- 
d i t i o n s  wi th  r o o t  d e n s i t y  c o n s i d e r e d  n e c e s s a r y  a t  t h a t  t ime and 
dep th  i n  t h e  s o i l  p r o f i l e .  F o r  l e s s  f a v o u r a b l e  s o i l  s t r u c t u r e s  
risks i n v o l v e d  may be e v a l u a t e d  by such comparisons.  

5. TORE AND ROOT GEONE?RI'. 
On a  good s t r u c t u r e  t h e r e  a r e  more r o o t s  than  r e a l l y  needed. 
S i m u l a t i o n  (van  Keulen a.0. 1975) s u g g e s t s  t h a t  r o o t  d e n s i t y  
of  a c t i v e  r o o t s  need n o t  t o  be  high.  Root p a t t e r n  and d e n s i t y  
c a n  be  changed by modify ing  a r t i f i c i a l l y  t h e  number, di-men- 
s i o n  and d i s t r i b u t i o n  o f  t h e  l a r g e  p o r e s  i n  a ve ry  dense  s o i l  
( f i g . 3 ;  p o r e  s p a c e  33%; r o o t  d e n s i t y  (cm/cm3) a f t e r  f o u r  weeks 
( f l a x ) ) .  
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were found i n  roo t -  and sproutgrowth when a r t i f i c i a l  channels 
were introduced.  I n  order  t o  reach the  same root -  and sprout-  
growth q u i t e  a  number of a r t i f i c i a l  pores  a r e  needed. I n  t h i s  
r e spec t  s l o t s  a r e  a l ready  b e t t e r  adapted t o  t h e  r o o t  system than 
s i n g l e  v e r t i c a l  channels. Abrupt v a r i a t i o n s  i n  s o i l  s t r u c t u r e  
decrease roo t  ex tens ion  very much. Compensational r o o t  p r o l i f e -  
r a t i o n  t akes  p l ace  i n  t h e  s p o t s  with a high r o o t a b i l i t y .  La te r  
on when a v a i l a b l e  pot  volume i s  a  l i m i t i n g  f a c t o r  t h e  d i f f e r en -  
ce s  decrease but  do not disappear  even not  i n  sproutgrowth. 
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ABSTXACT 

The three-year comparative s t u d i e s  of d i f f e r e n t  wags of 
sedbed prepara t ion  f o r  maize i n  combination with mineral 
f e r t i l i z e r s ,  i n  t h e  condi t ions  of t h e  semi-numid c l imate  i r i  
t h e  con t inen t a l  p a r t  of Croa t i a ,  on l e s s i v k  brown s o i l  on 
sandy s u b s t r a t a ,  d id  not show any expressed ga in  f o r  maize 
y i e l d  i n  any of t h e  s tud ied  ways of seedbed prepara t ion,  
e i t h e r  by t h e  aggregate roller-cnltivator-roller o r  d i sc -  
harrow o r  combined implement. Even d i r e c t  sowing i n t o  t h e  
furrow appeared equal ly  scceptable.  F e r t i l i z i n g  had a  s ig-  
n i f i c a n t  e f f e c t  and was dominant i n  r e l a t i o n  t o  d i f f e r e n t  
ways of seedbed prepara t ion.  

Tne p r a c t i c e s  app l ied  i n  t h e  trial brought about p o s i t i v e  
changes of some chenical  and t o  a  smal ler  ex t en t  phys ica l  
p rope r t i e s  o f  t h e  s o i l ,  but  they were not  s i g n i f i c a n t .  

INTRODUCTION 

Recently,  new t r ends  have appeared i n  s o i l  t i l l age , a iming  
a t  a  reduct ion of t h e  c o s t s  and labour ic t h e  t i l l a g e  i t s e l f  
and a l s o  i n  o the r  p r a c t i c e s  i n  crop gowing ,  provided t h e  
sane o r  higher  y i e l d s  a r e  obtained. Thus, t h e  main ob j ec t i -  
ve i s  t h e  r a t i o n a l i z a t i o n  of t h e  >rofiuction process,  depen- 
ding on ecological  condi t ions  and crop requirements,  t h e  
l a t t e r  being t h e  dec i s ive  f a c t o r  f o r  t h e  scope of ra t iona-  
l i z a t i o n .  

Ra t iona l i za t i on  o r  minimization of s o i l  t i l l a g e ,  i n  gene- 
r a l ,  and a l s o  f o r  maize, up t o  i ts complete omission, has 
been t h e  sub jec t  of a  number of recen t  works (3 1 a 1c e  and 
A 1 d r i c  h, 1955; 1;: u s g r a  v e ,  1955 and 1956;P r e  e ,  
1960; P l a y e r  a n d d q i a n n e r i n g ,  1961; F r e e  e t  
a l . , l963;  S i n g h e t  al . , lS66;T r i p 1 e t t,1366;G r i- 
f i t h  e t  a l . ;  J o n  e  s e t  a l . ,  1968; 1 v a n o  v e t  
a1.,1971; S z i p  o  s z , 1 9 7 2 ;  B a k e  r m a n s  a n d d e  
V i t , 1 9 7 3 ;  V a n  D o  r e  n  a n d T  r i ~  I e t t ,  1973; 
I4 i 1 o j i 6, 1973; K a  p  o  s z  t a ,  1973 and o thers ) .  

There a r e  many f a c t o r s  which have t o  be considered when 
reducing t i l l i n g  p r a c t i c e s ,  so  t h a t  var ious  ways of seedbed 
prepara t ion  f o r  maize, e spec i a l l y  i f  t h e  compensating e f f e c t  
of f e r t i l i z i n g  is taken  i n t o  account, o f f e r  p o s s i b i l i t i e s  of 
reducing t h e  number or" opera t ions ,  3 a r t i c u l a r l y  on s o i l s  
with favourable physica l  p rope r t i e s ,  p r imar i ly  well  drained. 
Our i nves t i ga t i ons  should be taken as an a t t e n p t  t o  assess ,  
a s  ob j ec t i ve ly  a s  pos s ib l e ,  which system of t i l l a g e  i s  op t i -  
m a l  i n  given condit ions.  Thus, i n  case  of minimum t i l l a g e ,  
it i s  hard t o  be l i eve  t h a t  t h i s  s y s t e a  could be acceptable 
i n  our condi t ions  i n  i ts  t o t a l i t $ ,  but t h e r e  is no doubt, 
t h a t  it i s  not  only pcs s ib l e  but a l s o  necessary t o  reduce 



t i l l i n g  operations without adversely effect ing the  yield.  
This was taken as t'ne s t a r t i ng  point f o r  our investigations,  
a t  the  f i r s t  stage of which there  was only a ce r t a in  reduc- 
t i o n  of the  t i l l i n g  operations i n  the seedbed preparation 
f o r  maize, with complete omission of cul t iva t ion  i n  the  co- 
urse of the  growing period. These preliminary s tudies  were 
foilowed by more e x t e ~ s i v e  investigations,  including also 
the  no-tillage system, 

IhmTIGATION PETHODS 

The t r i a l  was s ta t ionary, lasted f o r  three years, and was 
carr ied out according t o  the  modified split-block scheme 
i n  four replications.  Four seedbed preparation variants  we- 
r e  studied i n  ccmbination with four f e r t i l i z e r  doses f o r  
naize, hybrid Bc-SK5A. The basic t i l l a g e ,  together with ba- 
s i c  f e r t i l i z i n g  with phosphorus and potassium f e r t i l i z e r s ,  
and pa r t ly  nitrogen f e r t i l i z e r s ,  was car r ied  out i n  autumn, 
a t  the  average diepth of 25 cm. The following ways of seedbed 
preparation were investigated: 

1. S o i l  preparation by the aggregate rol ler-cul t ivator-  
r o l l e r  ( I ) ;  2. So i l  preparation by disc-harrow (11); 3. So- 
wing d i r ec t l y  i n to  furrow (111); and 4. S o i l  preparation by 
combined implement (spring tooth harrow - bar rol ler)(IV).  

The seedbed preparation was preceded by pre-sowing ni t ro-  
gen f e r t i l i z i n g ,  which was accompanied by s t a r t e r  f e r t i l i -  
zing with com~lex f e r t i l i z e r s ,  sowing and herbicide appli- 
cation. 

The f e r t i l i z e r  doses, adjusted t o  the nutr ient  content i n  
the  s o i l ,  crop requirements and investigation character, we- 
re ,  besides check, the  following: low - N12* Ploo Kloo; me- 
dium - N160 P140 K1G0 "d high - Hzo0 %8o K200e 

INVXSTIGATION RESULTS 

A) Yield 

When analysing the  e f fec t s  of t he  investigated fac tors ,  
t h a t  i s  t i l l a g e ,  f e r t i l i z i n g  and t h e i r  combinations, it sho- 
uld be f i r s t l y  s t ressed t h a t  f e r t i l i z i n g  was highly s ign i f i -  
cant i n  all three  experimental yegrs (Table 1). The seeabed 
preparation w a s  s igni f icant  only i n  the f i r s t  year. 

I f  fur ther  analysis is made of t he  obtained r e su l t s  effect-  
ed by the t i l l a g e  i t s e l f ,  not taking in to  account the  border- 
l i n e  differences,  the  seedbed preparation with combined i m -  
plement was t he  best  i n  two of the  three experimental years. 
Howeyer, it should be mentioned t h a t  i n  the  second year, di-  
r e c t  sowing was the  best ,  which also i n  the  t h i r d  year ap- 
proached the best treatment. I n  the  f i r s t  year, all the  ot- 
her three treatments were s igni f icant ly  be t t e r  than d i r ec t  
sowing in to  the  furrow. On the  other hand, the t i l l a g e  with 
combined implement was s igni f icant ly  be t t e r  than t h a t  with 
disc-harrow. In  the  second and t h i r d  years, t he  t i l l a g e ,  a s  
already mentioned, was aot  s igni f icant ,  which i s  confirmed 
by the  borderline values, which are  given contrary t o  the  
usual practice.  Thns, i f  there  seems t o  be an advantage of 
any of the  studied t r e a t m e ~ t s ,  it is, accordingly, re lat ive.  

On the  other hand, under the  influence of f e r t i l i z i n g  the- 
r e  is a steady increase i n  the  y ie ld  pa r a l l e l  t o  increasing 



Table 1 - 3raia yield of maize, q/ha and some chemical 
and physical properties of soil 

Seedbed preparation 

Eertilizing 

Seedbed preparation x fertilizing 



f e r t i l i z e r  doses, par t icu lar ly  when changing from un fe r t i l i -  
zed t o  f e r t i l i z e d  variants.  I f  the  yields  are  analysed per 
years, t h i s  increase is s igni f icant  i n  the  f i r s t  year bet- 
ween the un i fe r t i l i zed  treatment and the  other three  f e r t i -  
l i z e r  ra tes .  There i s  a s igni f icant  y ie ld  increase of t he  
medium and high i n  re la t ion  t o  the  low f e r t i l i z e r  doses.In 
the  second year, there  i s  also a very s igni f icant  differen- 
ce between t he  unfer t i l ized  and f e r t i l i z e d  treatments.There 
are  no s igni f icant  differences between f e r t i l i z e d  treatments. 
I n  the t h i rd  year, a highly s igni f icant  difference appears 
between the unfer t i l ized  and f e r t i l i z e d  treatments, while 
within the  f e r t i l i z e d  treatments there  i s  a s igni f icant  d i f -  
ference only between the low and high f e r t i l i z e r  doses. 

The t o t a l  y ie lds  per years give a ce r t a in  ins ight  i n t o  the  
common effect  of the t i l l a g e  and f e r t i l i z i n g  treatments. A 
cer ta in ,  though not the  expected, degree of in te rac t ion  i s  
noticable. The best  combination of the  trial was t h a t  of t he  
seedbed preparation with combined implement and high f e r t i -  
l i z e r  dose. A s  a ru le ,  the  highest significance i s  recorded 
between the  f e r t i l i z e d  and unfer t i l ized  combinations,higher a t  
higher f e r t i l i z e r  doses. With the  fu r the r  increases of fer-  
t i l i z e r  doses, the  s igni f icant  differences between them are  
e i t he r  poorly expressed o r  non-existent. The differences i n  
yield,  i r respect ive  of treatments, i n  pa r t i cu la r  years are  
re la t ive ly  high, especially between the f i r s t  and t he  other 
two years. They can be explained by hydrothermal re la t ions ,  
and also by the  f a c t  t h a t  the  growing of maize i n  the  t r i a l  
was preceded by t he  annual growing of maize, which was pre- 
ceded by perennial growing of lucerne. 

I3) Applied mechanization 
The seedbed preparation implement were aggregated with a 

wheel t r a c to r  of i n s t a l l ed  engine power of loo HP. The aggre- 
gates rol ler-cul t ivator-rol ler  - planter  and disc-harrow - 
planter  can achieve the  working speed of 9 km/h, and u t i l i z e  
7096 of the  gross working time fo r  productive work. The work- 
ing performance o f  these aggregates with t he  b row planter  
i s  1.76 ha per hour of gross working time, and 2.65 ha with 
the  6-row p l a t e r .  The aggregate planter  uni t  with t i n e s  be- 
fore  the  seed opener has the  working speed of 7 km/h and 
u t i l i z e s  70% of t he  gross working time. The performance with 
the &-row planter  is 1.37 ha/h of gross working time, 2.06 ha 
with the  6-row planter ,  and 2.74 ha with the  8-row planter. 

The seedbed preparation with combined implement is carr ied 
ou-t as a separate operation, and so is the  sowing with the  
8-row planter.  The working speed of both operations is l o  km/h, 
and the u t i l i s a t i o n  of gross working time is 90% i n  seedbed 
preparation and 70% i n  sowing. The aggregate performance i n  
seedbed preparation is 4.50 ha/h of gross working time, and 
3.92 ha i n  sowing with the 8-row planter. 

C) Changes i n  the s o i l  

Expecting t h a t  t he  various mineral f e r t i l i z e r  doses,appli- 
ed i n  the trial, i n  combination with various ways of seedbed 
preparation could effect  some changes, primarily i n  the  che- 
mical s o i l  complex, detai led chemical analyses were made of 
the  s o i l  samples taken from the  experimental area, both a t  
the beginning and a t  the  end of the experimental period. It 



was kept i n  mind t h a t  the  experimeatal period was r e l a t i ve ly  
short  t o  determine the  changes with cer tainty.  This a lso  
applies t o  the changes i n  the  physical s o i l  complex. The 
r e s u l t s  a re  p a r t i a l l y  presented i n  Table 1. They basical ly  
indicate ,  t h a t  there  were mainly no s i g n i f i c a ~ l t  changes of 
the  chemical properties. There was a ce r t a in  e f fec t  of the  
f e r t i l i z e r  doses applied, while there  was no e f fec t  of the 
various ways of seedbed preparation and i f  it appeared i n  
combinations it was obviously the  r e su l t  o f  f e r t i l i z i n g .  
However, a t  the end of the three-year period, posit ive chan- 
ges were recorded i n  most of the  studied properties,  regard- 
l e s s  of the  treatment, which points t o  the  conclusion t h a t  
they were mainly due t o  the  applied agrotechoical measures. 
This i s p a r t i c u l a r l y  evident i n  the  increased contents of 
available phosphorus and potassium and higher base sa tu ra t i -  
on. 

Although t he  changes i n  other physical properties o f  the  
s o i l  (porosity, water and air holding capaci t ies ,  spec i f ic  
weight and current moisture) were followed i n  the t r i a l ,  
only the  r e s u l t s  of measuring the mechanical s o i l  res is tance 
are given (Table i). It was primarily influenced by t he  mo- 
i s t u r e  regime, dropping with t he  increase of current s o i l  
moisture and vice versa. The resis tance a lso  showed ce r ta in  
osc i l l a t ions  due t o  the  studied factors.  The e f fec t  of seed- 
bed preparation pract ices  was d i r ec t  here, while t h e  e f fec t  
of f e r t i l i z i n g  could have been only ind i rec t ,  f o r  instance 
through the  degree of t he  root system development, which can 
again influence t he  degree of s o i l  compactness. 

BISCUSSION AND CONCLUSIONS 
The obtained r e su l t s  confir; t h a t  it was correct  t o  choose 

maize f o r  t h i s  kind of investigations,  because of i ts econo- 
mic and other importance i n  t h i s  country and a very intensi-  
ve system of agrotechnical measures, which allows ce r ta in  
rat ional izat ion.  The r e su l t s  a l so  show t h a t  it is necessary 
t o  evaluate the  ac t i v i t y  and function of each member i n  the  
soil-plant-climate system. The climatic and edaphic condi- 
t i ons  of t he  region favour the  growing of maize, but i n  case 
of greater  cl imatic aberrations, which do happen, the  unity 
of the  mentioned system is disturbed, e i the r  by t he  indi rec t  
e f fec t  of t he  climate upon the plant ,  through t he  s o i l ,  or 
by i ts  d i r ec t  effect .  Such climatic aberrations were actual- 
l y  present i n  t he  course of t he  trial, pa r t i cu lmly  i n  i t s  
second year. This was, howevez, a good s ide  of the  investiga- 
t ions ,  f o r  t he  functioning of t he  applied pract ices  could 
be observed from a wider aspect. 

If the e f fec t  of the  investigated fac to r s  i s  evaluated, 
t h e  significance i n  s o i l  t i l l a g e  was incomparably l e s s  mar- 
ked than i n  f e r t i l i z i n g .  The obtained r e su l t s  s t i l l  give 
p r io r i t y ,  though not absolute, t o  the  seedbed preparation 
with combined implement. The yields  i n  the  other treatments, 
though varied, were more o r  l e s s  a t  the  same level ,  includ- 
ing  the  d i r ec t  sowing in to  the  Prsrow. It is an important 
f inding t h a t  the  d i r ec t  sowing in to  the  furrow is possible 
on t h i s  s o i l  type without greater  r i sk s  f o r  the  yield,  espe- 
c i a l l y  i n  case of good t i l t h  due t o  l o w  winter temperatures, 
probably w i t h  cer ta in  advantages i n  wet years. Taking apart 
the  technological-exploitative s ide of the  problem, all the  



four ways of seedbed preparation, or their combinations 
riith medium or high fertilizing, can be regarded as almost 
identical. This especially applies to the speed of sowing 
directly into the furrow, as a prerequisite for ensuring 
a uniform and optimal plant density of maize. Mention sho- 
uld be made of the very important fact, valid for all the 
nethods of seedbed preparation, that it can be successfully 
carried out in one run, thus increasing the efficency of 
the tillage and reducing unnecessary treading of the soil. 
If the possibility of a simultaneous performance of several 
operations (seedbed preparation, starter fertilizin , sow- 
ing, herbicide application and probably some others 7 is ad- 
ded to this, the advantages are evident. At the same time, 
the investigations point to the possible omission of all 
the practices in the growing period of maize without risk- 
ing a drop of the yield, but this requires separate investi- 
gations. 

The yield level was neither limited by the fact that it 
was actually monoproduction of maize. 

2he following conclusions can be drawn: 

1. In seedbed preparation for maize, grown on lessiv6 
brown soil on sandy substrata, there was no marked advan- 
tage of any of the investigated treatments. Lven direct 
sowing into the furrow is possible, as it ensures the same 
yield as that achieved by other ways of seedbed preparation. 

2. The effect of fertilizing was significant. In relation 
to the different ways of seedbed preparation, fertilizing 
was dominant, 

3.  The seedbed preparation by combined implement, in com- 
binatinn with medium or high fertilizer doses, seems to be 
the most acceptable for the practice. 
4. Effected by the complex of the performed zgrotechnical 

neasures, positive changes occurred, primarily in the pedo- 
chenical complex. 

5.A realistic evaluation of the obtained results should, 
by all means, take into account the fact that is a questi- 
on of exploiting anthropogenized soil reserves, which have 
been created throughout decades, even centuries, in the 
long run of agriculture. 
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DIRECT DRILLING (ZERO TILLAGE) AND SHALLOW CULTIVATION ON A UYGE OF 
SOILS I N  TIIE Uh?TED KINGDOM 

R.Q. CANNFlWL AND F.B. ELLIS 
Ag icu l tu ra l  Research Council ktcombe Laboratory, Wantage, England. 

ABSTRACT 

I n  the experiments i n  the U.K. here reviewed, d i rec t  d r i l l ing ,  
shallow o r  deep t i ne  cul t ivat ion and ploughing have resul ted i n  
similar yie lds  of spring barley and winter wheat on well structured 
s o i l s  where sui table  weed control  and agronomic procedures have been 
adopted. ESnphasis i s  now being given to  the e f fec t  of reduce6 
cul t ivat ion on clay soils and on those which are s t ruc tura l ly  weak, 
where grea te r  problems may occur. Although s o i l s  are more compact 
a f t e r  d i rec t  d r i l l ing ,  the development of surface t i l t h ,  increased 
aggregate s t ab i l i t y ,  cracking, greater  earthworm act ivi ty ,  and similar 
l eve ls  of oxygen i n  the s o i l  have been observed. 

Introduction 

When sui table  herbicides became available, especially paraquat 
in 1961(13), rmerous experiments i n  many countries were carried out 
i n  which d i rec t  d r i l l i ng  was compared with ploughing. I n  Br i ta in  
before 1970, about 60 comparisons of d i rec t  d r i l l i n g  and ploughing 
were made f o r  both spring barley and qyyr wheat, sometimes i n  
experiments which las ted  several  years . These experiments w e r e  
carried out mainly by Imperial Chemical Industr ies  Limited and by 
the Ministry of Agriculture, Fisheries and Food. I n  some the yield  
a f t e r  d i rec t  d r i l l i n g  was satisfactory,  but on average it was about 
10% l e s s  than a f t e r  ploughing. Usually the reasons f o r  lower yields  
were not known. More recently experiments have shown l i t t l e  
difference between d i r ec t  d r i l l i n g  and ploughing. The reasons f o r  
lower y i e ld  i n  the e a r l i e r  years included grass weeds, slug damage, 
problems with d r i  m n g  and probably lack of experience with the 4 1 newer techniques ( 5  

Thus the objective of our i n i t i a l  experiments which began i n  
1969 i n  co-operation with the Weed Research Organization was t o  study 
the e f fec t s  of a l te rna t ive  methods of cult ivation on the growth of 
spring barley and winter wheat on land which presented few problem 
when under normal cul t ivat ion (Table 1). The treatments were d i rec t  
d r i l l i ng ,  cul t ivat ion with t ined implements a t  7 o r  15 m depth, and 
ploughing. 

After sa t i s fac tory  r e su l t s  with d i r ec t  d r i l l i n g  on these so i l s ,  
and because the simpler methods of cul t ivat ion wer b 'ng 
increasingly used by farmers i n  the United Kingdom. fi1,8j it was 
considered appropriate a t  Letconbe t o  invest igate  the  f e a s i b i l i t y  
of reduced cul t ivat ion and the possible long-term ef fec t s  on s o i l  
conditions on s o i l s  which were more d i f f i c u l t  than previously used, 
e i t he r  through high clay content and r e s t r i c t ed  drainage, o r  
through s t ruc tura l  i n s t a b i l i t y  (Table 1). The poss ib i l i ty  of using 
reduced cul t ivat ion methods on such s o i l s  i s  of par t icu la r  i n t e r e s t ,  
a t  l e a s t  i n  our country, because the number of working days i s  
of ten m a l l .  



TABLE 1 SOILS USED I N  CULTIVATION EXPERlMENTS 

Argi l l ic  Orthic Luvisol Sandy loam Mainly well 1969-3' 
brown ear th  drained 

Soi l  group+' I U.K. I Texture 

Rendzina Rendzina Well drained 197035:- 

I 

General !Commenced 

Calcareous Verti-calcaro Clay loam Slowly permeabl 1972-x+:- 
pelo so l  gleyic  Cambiso well structured 

Argi l l ic  Orthic Luvisol S i l t  loam Well drained 
brown ear th  weak structured 

I I974 

\ ~ l a s s i f i c a t i o n  European Units Characterist ics 

Crop Establishment and Grain Yields 

On the well-stmctured s o i l s  the mean grain  yields  of s p r i r ?  
barley and winter wheat over the period 1969-75 were similar i n  all 
treatments (Table 2), although r a i n f a l l  and y ie ld  varied grea t ly  
between years. For example, on the sandy loam the s o i l  moisture 
d e f i c i t  a t  the  end of June varied f ron 0 to 90 mm, and i n  the autumn 
and winter of 1974-75 r a i n f a l l  was about 40% above average. When 
d i r ec t  d r i l l i n g  caused a lower yield  than ploughing by 5% o r  more, it 
was always i n  the f i r s t  year of an experiment and has been of ten 
associated with a reduction i n  plant population (Table 3). The 
reductions i n  plant population were not so great  t ha t  they would have 
been expected t o  have a la rge  e f fec t  on yield  with conventional 
cult ivation; i t  seems tha t  di rect-dr i l led crops may have a reduced 
capacity t o  compensate f o r  low plant density. 

' Stagnogley Verti-eutric 
Gleysol 

TABLE 2 RELATIVE GRAIN YIELD OF SPRING BARLEY AND WINTER T E A T  AFTER 
DIFFERENT CULTIVATION TREATMENTS, 1969-1975* 

++ Infromation from D Mackney, Soil  Survey of m l a n d  and Wales. 
+** Joint  Project with Weed Research Organization. 
+ These s i t e s  have been a r t i f i c i a l l y  drained. 

Clay 
(2 s i t e s )  

I 
Poor drainage+ 1974 

Yield of 
grain  a f t e r  
ploughing 

(t/ha) 

,-, ~ , 

4%:- An experiment-year i s  an inclividual year of each experiment. 

Winter 
wheat 

The d i f f i cu l ty  i n  establishing adequate plant populations with 
d i r ec t  d r i l l i ng  may be due t o  several  fac tors .  These may include 
the grea te r  compaction i n  direct-dr i l led so i l s ,  t o  which reference 
i s  made l a t e r ,  o r  the l imita t ions  of d r i l l i n g  equipment. 

Yield r e l a t i ve  t o  
t ha t  a f t e r  
ploughing 

Tine Direct- 
cult ivated d r i l l ed  

Deep SMlow 

Number of 
experiment-years+% 

S i l t  
loam 

Sandy over Clay 
loam chalk loam Total 

+:- Source of information references (4) (10). 

5.04 1.05 0.98 0.97 5 1 3 9 



Plant establishment may also be impaired when seeds germinate close 
t o  decomposing crop residues, especially i n  wet conditions. The 
recommended pract ice  f o r  successful d i rec t  d r i l l i n g  i n  the U.K. i s  to  
remove surface residues of the  previous crop; this i s  normally 
achieved by burning, but i n  wet weather complete removal may be 
impracticable. I n  the  wet autwnn of 1974 i n  some crops where the plant 
population was very low, it was fcund t h a t  seeds had been pushed in to  
the s o i l  by the t r iple-disc  d r i l l  i n  contact with unburnt straw. Seeds 
had usually geminated but died a f t e r  the  radicles  had emerged(l1). 
Laboratory studies show t h i s  was due t o  soluble decom os i t i on  products, 33 including ace t ic  acid, caused by microbial ac t iv i ty (1  . 
TABLE 3 PLANT POPULATION AND GRAIN YIELD AFTER DIRECT DRILLING 

RELATIVE TO THAT AFTER PLOIIGHING WHEN YIELD AFTER DIRECT 
DRILLING WAS REDUCED BY 5% OR MORE:+ 

Effects on Soi l  Conditions 

Our most detai led observations have been made on the d a y  loam; 
of the s o i l s  used i n  the  e a r l i e r  experiments t h i s  was most l i k e l y  t o  
present the grea tes t  l imi ta t ions  t o  successful d i r ec t  d r i l l ing ;  the  
comments which follow r e f e r  to  this s o i l  except when otherwise stated.  

Bperiment 

Sandy loam 

S i l t  loam over chalk 

Clay loam 

Silt loam 

Clay (Denchworth se r ies )  

1 c lay  (Rowsham ser ies )  

Compaction and Soil  Strength !feasurements of bulk density and 
resistance t o  a cone renetrometer, i n  the uDDer 20 cm. show tha t  the 
s o i l  was more compact i n  the d i rec t -dr i l l ed  treatment'than a f t e r  
ploughing; the  main changes occurred i n  the f i r s r :  year. Although 
ear ly  root growth was sometimes r e s t r i c t ed  a f t e r  d i r ec t  d r i l l i ng ,  the 
e f fec t  diminished within a few weeks. The bulk density and 
penetrometer resistance i n  the tine-cultivated areas were 
intermediate between d i r ec t  d r i l l i n g  and ploughing. 

crop 

Spring barley 
Winter wheat 

Winter wheat 

Winter wheat 
Spring barley 

Spring wheat 

Winter oats  

* Source of information references (4) (9) (10) (12) (16). 

Winter oil-seed rape 

.Soil Structure and S tab i l i t y  Friable surface t i l t h s  have developed 
p e n t ,  especially i n  the autumn. Although 

Direct-drilled 
re la t ive  t o  ploughed 
Plant 

population Grain yield  
0.92 0.85 
1.05 0.88 

0.94 0.94 

1.42 0.91 
1.02 0.89 

0.55 0.90 

0.71 0.82 

1.04 0.95 

- 
t h i s  self-mulching property i s  generally associated with s o i l s  
containing nontmorillonite clay, i t  i s  also influenced by other 
factors ,  including the organic matter content. The presence of the 
surface t i l t h  h s  favoured rapid germination of seed sown i n  autumn, 
and the t i l t h  may have been a s ignif icant  f ac to r  contributing t o  the 
success of d i r ec t  d r i l l i n g  on t h i s  so i l .  However, wet conditions lead 
t o  slaking of the  aggregates, which may almost disappear i n  a wet 
winter. An increased content of organic matter has been found i n  the 



upper 2.5 cm a f t e r  repeated d i r ec t  d r i l l ing ,  and t h i s  has been 
associated with increased s t a b i l i t y  of s o i l  aggregates i n  t h i s  zone. 
of the s o i l s  on which we are working, only the s i l t  loam which i s  
very weakly structured, and readily slakes has shown no tendency t o  
greater  s t a b i l i t y  of the  aggregates o r  t o  form a f r i a b l e  t i l t h .  On 
the sandy loam the development of t h i s  surface t i l t h  became 
par t icular ly  pronounced by the f i f t h  year of d i r ec t  d r i l l i ng .  

It i s  evident from the improvements of s o i l  s t ructure  of ten 
observed under permanent grassland(l4) t ha t  nmerous natural  
processes can lead t o  the improvement of s o i l  conditions when s o i l  
i s  undisturbed. Some of these are discussed by Russell and ~oss ( l7 ) .  
I n  the very dry sumer of 1975 cracking i n  the clay s o i l s  was much 
more pronounced than usual, exceeding 100 cm i n  depth i n  the direct-  
d r i l l ed  plots,  but t o  a l e s se r  depth i n  ploughed land. More earth- 
worms have been found a f t e r  repeated d i r ec t  d r i l l i ng ,  and the r a t i o  
of t o t a l  number on direct-dr i l led t o  t ha t  on ploughed p lo t s  has 
increased with time (Table 4), although the actual  numbers have varied 
between seasons depending on environmental conditions such as  s o i l  
moisture. I n  some s o i l s  increased numbers of continuous channels have 

accounted( f or  more rapid drainage of gravi ta t ional  water a f t e r  d i rec t  
d r i l l i n g  7 , and roots f r ee ly  grown down earthworm channels. 

TABLE 4 NiiERS OF EARTHWOWS I N  A CLAY LOAM AFTER DIRECT DRILLING 
AND PLQUGKTNG (Samples were collected i n  the autumn, 
before primary cul t ivat ion f o r  spring barley) 

Aeration These changes i n  s o i l  structure and earthworm ac t iv i ty  may 
account f o r  the f a c t  t h a t  i n  sp i te  of greater  compaction of the clay 
loam so i l ,  the oxygen content has usually been as  great  i n  direct-  
d r i l l ed  land as  i n  ploughed land, even when the rainfall pa t te rn  
varied considerably (Fig 1) .  

Nitrogen supply More nitrogen f e r t i l i z e r  o r  d i f fe ren t  time of i t s  
application i s  sometimes, but not always, needed f o r  maximum yie ld  of 
direct-dr i l led crops than those grown a f t e r  conventional techniques 
(2,5,18). However the reasons are uncertain, and d i f fe ren t  eqbnations 
are  l i k e l y  i n  dif ferent  circumstances. I n  our work on the clay loam, 
the n i t r a t e  content of the s o i l  was consistently lower (by a fac tor  of 
2 to  3) during a dry winter (1972-73) between December and March a f t e r  
d i r ec t  d r i l l i n g  than a f t e r  ploughing(6); the oxygen content of the 
direct-dr i l led and ploughed areas was then comparatively high (Fig I ) ,  
and there was no evidence of deni t r i f ica t ion .  Moreover, losses  of 
n i t r a t e  by leaching were probably insignif icant ;  i t  seems probable 
t ha t  the  lower n i t r a t e  content of the direct-dri l led treatment was due 
mainly t o  a decreased r a t e  of mineralization of s o i l  organic nitrogen 
(6). I n  the next year when rainfall was higher the lower n i t r a t e  
content i n  the direct-dr i l led s o i l  i n  ear ly  winter was associated with 
lower oxygen (Fig 1 )  and there  was evidence of greater  den i t r i f ica t ion  
(Table 5). I n  the  t h i rd  year (1974-75), when winter r a i n f a l l  was 
exceptionally high, the concentration of oxygen i n  the s o i l  declined 
rapidly i n  both cul t ivat ion treatments, and l i t t l e  n i t r a t e  was found, 
being presumably l o s t  by deni t r i f ica t ion .  

Ratio of direct-  
dril1ed:ploughed 

1.32 
1.58 
2.37 

After f i r s t  year, 1973 
second , 1974 

11 t h i rd  , 1975 

Direct- 
d r i l l ed  Plou hed 9 (numbers per m ) 

145 110 
345 218 
2 30 98 



FIGURE 1 OXYGEN CONCENTRATION AT TWO DEPTHS I N  A CLAY LOAM 
(EVESHAM SERIES) 

20. ..* ...*. 2.. 

15 - 

10. 

9 - direct-drilled 
P 5 .  - - ploughed 

Conclusions 

On well structured and drained s o i l s  a wide range of 
cul t ivat ion techniques can produce sat isfactory yields;  and 
simplified cul t ivat ion can save labour and energy. Furthermore, 
the shorter time required t o  sow a crop may r e su l t  i n  improved 
timeliness of sowing, and may make i t  possible t o  es tab l i sh  a l a rge r  
area of higher yielding autumn crops of cereals o r  oil-seed rape; 
when t h i s  i s  the case, reduced cul t ivat ion may be par t icu la r ly  
benef ic ia l  on heavy so i l s ,  but a t  present there i s  insuf f ic ien t  
information on the exact conditions when d i rec t  d r i l l i n g  w i l l  be 
successful. 

TABLE 5 CONCENTRATION OF NITRATE-N I N  SOIL WATER AND OF NITROUS 
OXIDE I N  THE SOIL ATMOSPHERE I N  A CLAY LOAM (EVESHAM SERIES)$' 
(For r a i n f a l l  see Fig 1) 

November t o  
December 1973 

January t o  
May 1974 
. 
* Source of information reference (3). 

~ ~ ~ t h  
(cm) 

15 
30 
60 

15 
30 
60 

Nitrate i n  s o i l  
water (g N ml-1) 
Direct- 
d r i l l ed  Ploughed 

34 ' 52 
12 13 
2 2 

32 32 
26 32 
4 9 

Nitrous oxide i n  s o i l  ' 
atmosphere (ppm) 
Direct- 
d r i l l ed  Ploughed 

7 1 
83 3 
78 8 
42 18 
29 38 
70 37 



It i s  obviously important tha t  the fac tors  limitirg the 
effectiveness of dif ferent  cul t ivat ion methods should. be properly 
identified. I n  much past experimental work i n  which t i l l a g e  methods 
were compared, the resu'rts ]!lay have been influenced by inadequate 
weed control, a problem wkich can be expected to  decrease with 
improved herbicides. From the paint  of view of s o i l  disturbance, any 
r ig id  d i s t inc t ion  between different  forms of reduced cul t ivat ion may 
be misleading, since the various techLques represent a continuum; 
the amount of s o i l  disturbace caused by d i rec t  d r i l l i n g  in to  a f r i a b l e  
s o i l  may not d i f f e r  great ly  from tha t  caused by shallow t ine  
cult ivation.  Direct d r i l l i n g  represents the most extreme form of 
reduced cult ivation,  and therefore i s  valuable f o r  research. The 
extect  t o  which it  can be eventually regarded as  appropriate i n  
practice w i l l  depend on many fac tors  which can influence i t s  
r e l i a b i l i t y ;  e f fec t s  cn s o i l  conditiocs are obviously of great  
importance. 

This paper has been confined t o  work with which we have been 
concerned i n  southerr. Pqland.  There are  mmerous important inputs 
by other i n s t i t u t e s  of the Agricultural Research Council, including 
the Weed Research Organization, by tLe Ministry of Agriculture, 
Fisheries and Food, by univers i t i es  and by commercial companies. 
Finally we acknowledge the valuable co-operation of M r  J.G. E l l i o t t  
o f  the Weed Researck Organization with whom we worked closely i n  the 
e a r l i e r  experiments. 
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INFLUENCE OF TILLAGE AND DRAINAGE SYSTEMS ON PHYSICAL 

CONDITIONS FOR LOAM-CLAY SOILS CULTIVATION 

G. Chisc i  

I s t i t u t o  Sper imentale  pe r  l o  S tud io  e  l a  Difesa  d e l  Suolo 

F lorence  ( 1 t a l y )  

ABSTRACT 

An experiment c a r r i e d  o u t  on loam-clay s o i l s  inCen"cra1 
I t a l y  t o  e v a l u a t e  t h e  i n f l u e n c e  of t i l l a g e  and dra inage  sy- 
stems on w i n t e r  wheat growth and y i e l d  has  shown t h a t  min& 
mum-tillage may reduce y i e l d  of g r a i n  i n  comparison t o p l o u  - 
ghing a s  a  consequence of an i n c r e a s e  of s o i l  compaction. 

Underground t y l e  d ra inage  seems t o  favour  a r educ t ion  
of runoff  wi thout  dec reas ing  water  s t o r a g e  t o  a  damaging 
l i m i t  f o r  w i n t e r  wheat growth and y i e l d .  

INTRODUCTION 

A l a r g e  ex tenc ion  of loam-clay s o i l s  i n  C e n t r a l  I t a l y  
a r e  o r i g i n a t e d  on P l i o c e n i c  marine sediments,  

They p r e s e n t  poor phys i ca l  c o n d i t i o n s  i n  r e l a t i o n  t o  
p l a n t  es tab l i shment  and growth, bes ide  an h igh  s u s c e p t i b i -  
l i t y  t o  s o i l  e ros ion  (mainly mass e ros ion ) .  

Some mine ra log ica l  and p h y s i c a l  parameters  of  t h e  
loam-clay s o i l s  o f  t h e  Era Val ley  ( P i s a )  a r e  r e p o r t e d  i n  
t a b l e  1. 

The presence of a  l a r g e  
/"*,,I_ "... .... I".i.IO"I..L LO.m. ...- ..a YI .h*.L..I ..I"-L... 

,h. p,'-".~ -..". .*,I. *, <h" c.. "..I., 
amount of expansive mine ra l s  

.-,.w 
i n  t h e  c l a y  f rac t ion ' (<0 .002  

x-;, mm) e x p l a i n s  t h e  h igh  poros i -  

"h,,d.w<. "k d.".l., Wil." t y ,  p l a s t i c i t y  and water r e -  
c,,,.>,, ,.m"op.~ -.,rte,"", < 
,,,,,~..n~~~~~~-,~o~L., I ,,,, t e n t i o n  c a p a b i l i t y  shown by 
c,o.,,. "-id , b i b ,  40 

cm~.s...v.~L~~,,.. p....Ac zt.aG , , 
vai- ~-,.~..-" , s9 

sm.i..-.i.ari.., ",,.I' A* 

z .p,,.,., -."...a. 1r.r -..la W d  

t h e s e  ' s o i l s .  
,5 
AS The i r  behaviour -  a s  r e -  

",' " V a t e d  t o  t h e  Era Val ley c l i -  
mate - ,  would be  c l e a r e d  by 

comparing t h e  mean p r e c i p i t a t i o n  sflmmarized i n  a  Bagnouls- 
Gaussen diagram, w i th  t h e  ETP montltlL;i. va lues  c a l c u l a t e d  by 
Thornthwaite formula ( f i g u r e  1).  

P r e c i p i t a t i o n s  a r e  concent ra ted  i n  t h e  autumn and 
s p r i n g  seasons ,  whi le  a  prolonged dry pe r iod  occurs  be t -  
ween May and September. 

S o i l  dehydra ta t ion  i n  t h e  dry p e r i o d  f avour s  volume 
c o n t r a c t i o n  fol lowed by cracking.  A t  t h e  same t ime  cohesiori 
and s o i l  impedance t o r o o t  p e n e t r a t i o n  would be enhanced, 



Cracking, however, would i n c r e a s e  macroporosiXy and 
reduce bulk dens i ty ,  mainly i n  t h e  upper s o i l  l a y e r  ( L u l l i  
& ~ o n c h e t t i ( 4 ) ) .  Sfa langa  & Rizzo (5 )  have shown t h a t  t h e  
d i r e c t i o n  of c rack ing  changes from v e r t i c a l  t o  h o r i z o n t a l ,  
pass ing  from s o i l  t o  paren t  m a t e r i a l .  

Macroporosity due t o  c rack ing  r e p r e s e n t s  t h e  pre fe ren-  
t i a l  way of water  recharge  i n  t h e  s o i l  du r ing  t h e  autumn 
season i n  undis turbed  s o i l s  ( s o d s ) .  

S o i l  water  recharge  i n  autumn is very important  f o r  the 
c u l t i v a t i o n  of t h e s e  loam-clay s o i l s ,  being r e spons ib l e  f o r  
wate r  s t o r a g e  t o  be u t i l i z e d  i n  t h e  
pe r iod  of r a i n f a l l  sho r t age  (as  corn - u ~ t i 1 i ~ . d ~ . 1 . ~  R .  rich.rp. 

s ,urolu, 
pared t o  ET?), beginning a ro~ ind  
middle Apr i i .  

To i n c r e a s e  water  s t o r a g e , t o b e  33. 
M 

m 
u t i l i z , ? d  by t h e  zcne comnon r o t a  - 3o 

"O E 
t i o n  represented.  by win t e r  wheat / 
mixed l ey ,  t h e  b e s t  system of til- 
l a g e  dev ised  up today is summer 
~ l o u g h i n a  up/down t h e  s l o p e  us ing  - - - ,  - 

I 
powerful l  t rac tors , somet ime i n t e -  J F Y I Y J J & S O U D J  

Fi0.1 bgnoui,-Cmurun diasram and Themfh. 
g r a t e d  by dra inage  s u r f  ace  channel= wit. ETP~.IU., .eVicar.i~~ .xpo.im.lt.~ - 

l r rm in the ~n vmilay o r  g r a s s e d  waterv~ays,normal t o  t h e  
s l o p e  l i n e ,  t o  reduce runoff  v e l o c i t y .  

N e v e r t h e l e s s , t h i s  k ind  of s o i l  management make t h e l a n d  
s u b j e c t  t o  mass e ros ion  and l a n d s l i p , d u r i n g  l a t e  autunn/ 
w in t e r  season,  i n  r a i n y  years .  

-4nother p e c u l i a r  c h a r a c t e r i s t i c  of t h e s e  loam-clay soils  
i s  self-mulching,  r ep re sen tedby  t h e  forntat ion of a l a y e r  of 
f i n e  agg rega t e son  t h e  s o i l  s u r f a c e ,  Self- in~lching-which co- 
u l d  a t t a i n  a  deepness from 1 t o  few cenbimetces--is probably 
causedby t h e  c o n s i s t e n t  v a r i a t i o n  uf temperature  and r e l a  - 
t i v e  humidity between day and night i n  t h e  summer per iod.  

I n  r e l a t i o n  t o  c rack ing  and self-mulching phenomenain 
t h e  Era Val ley,  it was hypot ized t h a t  w in t e r  wheat c u l t i v a -  
t i o n  wouldbe p o s s i b l e  wi thout  ploughing t h e  so i1 ,by  apply - 
ingnin imum-t i l l age  pra .c t ices ,  providing t h a t :  (i) water i n  - 
f i l t r a t i o n  and r e c h a r g e i n  t h e  s o i l  would be_%ranteedby 
c rack ing  po ros i ty ;  (ii) an a p p r o p r i a t e  seed-bed would be pro - 
vided  by summer se l f -mulching of t h e  s o i l ; ( i i i )  weeds con- 
t r o l  would be  p o s s i b l a  by t h e  u s e  of h e r b i r i d e s  t o  e l i m i -  
n a t e  e i t h e r  n a t u r a l  g r a s s e s  o r  l a r g e  l ea f  spec i e s ,  

For s o i l  s t a b i l i z a t i o n  a g a i n s t  mass e ros ion  and land- 
s l i p , t h e  use  of an underground t y l e  d ra inage  system was de - 
v i s e d  a s  t h e  b e s t  way t o  e i i m i n a t e  t h e  excess  of water  i n  
t h e  s o i l  Curing t h e  w in t e r  r a i n f a l l  su rp lus .  

EXPERIMENT LAYOCT 

To compare t h e  i n f l u e n c e  of d i f f e r en t  s y s t e n s  of soi l  manage - 
nen t  on wiriter wheat growth and y i e l d ,  a s  rela:&. -h -53. physical 



condi t ions ,  an experiment was c a r r i e d  o u t  a t  t h e v i c a r e l l o  
Experimental Farm i n  t h e  Era Val ley ( P i s a )  on loam-clay soils 
formed on P l i o c e n i c  marine s e d i m e n t s ( 1 ) .  

The fo l lowing  s o i l  t r e a t m e n t s  w e r e f a c t o r i a l l y  combined: 

T i l l a g e  t r e a t m e n t s  
( a )  Minimum-tillage performed by desherhage wi th  

Paraquat  f o l l o w e d  by d i sk ing .  

(b )  Ploughing of t h e  s o i l  i n  Summer fol lowed by d i sk ing ,  

Drainage t r e a t m e n t s  

( c )  Underground dra inage  wi th  PVC t y l e s  0.8m deep and 
8.Om apa r t .  

( d )  Absence of a  d ra inage  system. 

RESULTS AND DISCUSSION 

Hydrological  and Phys i ca l  s o i l  d a t a  ( t a b l e 3 1  show 
t h a t  t i l l a g e  and dra inage  t r e a t m e n t s  have i n f l u e n c e d  t o  a  
l a r g e  e x t e n t  s o i l  c o n d i t i o n s  i n  t h e  d i f f e r e n t  p l o t s ,  

Ploughing would i n c r e a s e  c rack ing  and reduce bulk den - 
s i t y  i n  comparison t o  minimum-tillage, Moreover, t h e  impe- 
dance t o  r o o t  p e n e t r a t i o n  is c o n s i s t e n t l y  h ighe r  i n  t h e  
mlnimum-tillage p l o t s  du r ing  t h e  Spr ing season whi le  t h e  
d i f f e r e n c e s  d i sappear  dur ing  t h e  Summer. 

Runoff is remarkably enhanced i n  t h e  p l o t s  wi thout  
t y l e  drainage.  Drain discharge on t h e  o t h e r  hand, is l a r g e r  
on minimum-tillage i n  comparison t o  ploughed p l o t s ,  

The p l o t s  r e c e i v i n g  t r e a t m e n t s  s, ad, b c  - and bdwere  - 
equipped f o r  t h e  measure of runoff ,  d ra inage  discharge and 
e ros ion .  

A d e t a i l e d  s o i l  survey by Lu l l i ,Ronche t t i  and T e l l i n i  
(3)aaknowledged t h e  presence i n  t h e  exper imental  p l o t s  o f 3  
s e r i e s  of s o i l  denominated "Pegol ina"  ( ~ n t i s o l )  , "Mattaione" 
( I n c e p t i s o l )  and '!Type C "  ( V e r t i s o l )  ( t a b l e  2 ) .  

The r e l a t i v e  a r e a s  of 
/ , / , . I .  :.,./ .,.,,. 1 ,,,, C,.," .., 1 .,.,,l..,.,,.,,...., 01, ,," ,.,,,., , ,.., .,.- *,,/ . , , ,  _ ,...... ... ... .#,. ..\ ,-........ , .. *. ..... ,,", ..,. ... ,.. ,,.. ,..,,.. . t h e  d i f f e r e n t  s o i l  s e r i e s  i n  

",.,,.~* ,,,., . ,,,,,. M8,,.u,,xb ptm.,,L,,A ,,,, , every p l o t  were mapped. 
/ j l l , X 1 ,  , I  ,,,I.V, I.,,, I Y  ..,,,.,,,, 

Sampling f o r  vegeta t ion 
f #.,, <a, , , , , ,>, , , , , ,  

.,,, ,,.,k,? .,,.,,:- 
43.; ,>.; 7 :,." :a,q I , .5  and y i e l d  measurements were 

s,, ..,,,, ,,,:,,, , ,,.,,=.: "., 
< , ~  *.,,,,, ,,,,, ,,.r . 
8 

\ .  

, x 
I . , . , .  

..,,,,,,,. .",,.< - - 
sown f o r  s e v e r a l  y e a r s  i n  

November and ha rves t ed  i n  J u l y ,  
Weeds c o n t r o l  was r e a l i z e d  uniformly on a l l  t h e  p l o t s  

by pre-emergence Tebur t in  (1ngram50) a g a i n s t  g r a s s  weeds, 
and post-emergence Ioxingl+MCPP ( C e r t r o l ~  f a g a i n s t  l a r g e  
l e a f  weeds. 

*.: >., >. , randomly performed i n  each 
<.: 
".: a rea ,  
". t ,  Tes t  crop, r ep re sen ted  
::.,, 

2.G 

U." 

a,,.: 

2.8 

rn.8 

a,,, 

a , , ,  

83.3 
".: "." i l_l, by cv "Funo" win t e r  wheat,was 



The year ly  amount of s o i l  eroded by runoff is general- 
l y  small, but evidently higher on t h e  ploughed plots .  

Soluble s a l t s  exportat ion by runoff appears t o  be re- 
duced i n  presence of t y l e  drainage. 

Winter wheat root  & shoot growth ( t a b l e  4 )  - on which 
some preliminary data have been previously publ ished(2)  - 
seems t o  be favoured by ploughing t h e  s o i l ,  i n  comparison 
t o  minimum-tillage. Moreover, small d i f ferences  ind ica te  

j .,,, 1,. 1. >,"r,,l,"l<rcic . , I  ,,,,..,.,, 1. ..,,,.. 111. "I,  ( T i l l t l . ~  *:, , .at  0lilllt - 
.,, t~i~~f...~~.llt -.t:ie.-. .,I' irowlli iar..r;l.c. o f  t w o  ?par-! 

* - , I ,  1 s .  f L L J 1  .' 2" p1arrt.r 

i 1 i - l i i l r r i r l c  *I.,CC is iround 110-I50 days from sowinc (20-30 Narc)>) 

121 -ll.t!hr-. i , , :  i. irolct>d 2.30-210 Day-. from .rovinc ( I  - 10 J u l y )  

- - . 

t h a t ,  i n  absence of drainage, root  and leaves  biomass i nc re  - 
aseg. while c u b  height decreases. 

Winter wheat g ra in  y i e l d  r e s u l t s  s ignif icantlyknhanced 
by ploughsng i n  comparison t o  minimum-tillage ( t a b l e  5) .  

Also,the presence of underground t y l e  drainage seems 
-to increase  t h e  winter wheat g ra in  y i e l d  more consis tent ly  
on t h e  Mattaione than on t h e  Pegolina s e r i e s  of s o i l  ( f igu-  
r e  2 ) .  

The wheat g ra in  y i e l d  i n  t h e  ploughed p1o . t~  dur ingd i f -  
f e r en t  years .of  t r i a l  r e s u l t s  almost uniform. I n  theminimum- 
t i l i a g e  p lots ,  instead,  t he re  i s  a l a rge  v a r i a b i l i t y  with a- 
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.o: c o n s i s t e n t  i nc rease  of y i e l d  from 

I 
t h e  f i r s t  t o  t h e  t h i r d  year  of 
c u l t i v a t i o n  ( f i g u r e  3 ) .  

It was hypot ized t h a t  weeds con- - 10 t r o l  by t h e  h e r b i c i d e s  may have been 

.. in f luenced  by c l i m a t i c  condi t ionpe-  
0 

. :.. c u l i a r  t o  each year ,  I n  any case , the  

.. .; ,.. .. , . . . controlmay have been b e t t e r  i n  t h e  
ploughed than  i n  t h e  minimum-tillage 

Fip.2 1nt.r.tic.n b*tr..n drainam .y.t.rn 
and soil series on rhea1 srain y idd  plotso 

Hydrological  v a r i a t i o n s  between 
t rea tments ,  and s p e c i f i c a l l y  ET d i f f e rences ,  do n o t  seem t o  
be respons ib le  f o r  t h e  d i f f e r e n c e s  of wheat growth and y ie ld  
observed i n  t h e  p l o t s  (F igure  4 ) .  

40; --------. . I n  f a c t ,  water  shor tage  begins  -. . , i n  middle Apr i l ,  s o  t h a t  t h e  amount 
? ro. - of water  s t o r a g e  i n  t h e  s o i l  appears 

t o  be s i i f f i c i e n t  f o r  ET requirements, 
- during t h e  f i n a l  s t a g e s o f w h e a t  ri- 

pening, e i t h e r  i n  t h e  ploughed o r  in - UI*,,""" TlLLIGE 
t h e  minimum-tillage p lo t s .  ---. PL0UG"I"G 

Clearly,minimum-ti l lage garan- 
torn t e e s  a s u f f i c i e n t  recharge of s o i l  

YO.., water  f o r  wheat c u l t i v a t i o n ,  t h ro -  
Fi9.3 inter*tion betreen tillage m d  years en ugh cracking  n a t u r a l  macroporosi~y~ 

-haat .rain yield 

Also self-mulching seems t o  pro - 
vide  a good n a t u r a l  seed-bed f o r  . . 
wheat germination and emergence of 
seed l ings ,  The da ta  of wheat growth 
a t  t h e  t i l l e r i n g  s t a g e  confirmwhat 
above, being no t  d e t e c t a b l e  differen 
-ces on wheat r o o t  & shoot  growth- 
a t  such s tage .  

! 
S t a r t i n g  from t i l l e r i n g  time, 

UINIUUY.T#LLAOE PLOUOMNC 

~ i g . 4  Intluanc. of €70" ~ h * . t  gr.in yield wheat p l a n t s  begin t o  s u f f e r  t h e  
a8 r.tat.d to tillage and drainage .ylt.m i n c r e a s i n g  s o i l  compaction caused 

by s o i l  dehydratat ion fol lowing reduced r a i n f a l l  and incre-  
ased ET. 



- 

,.;I r.li.t.nCo to pon.tr.tien drainagewould 
kgicm' proctam.thod 

.o, 2O So enhance t h e  

Root e longa t ion  appears  c o n s i s t e n t l y  impeded by the incre  
asine. s o i l  res i s tence  t o  pene t r a t i on  and bulk density(fig;ure 6): 

arerags bulk density kgilitrm Moreover, a l s o  wheat culms appear  
13  ,.a 7.5 is l.? 

u - ,me\ 
t o  b e s h o r t e n e d  by t h e  e f f e c t  of t h e  

0 Ploughin. . 
rn 

. . ..,. i n c r e a s i n g  s o i l  r e s i s t e n c e  t o  pene- 
5 . Yi"im"m.Ti,Y~. 

* .  . r,..i.., t r a t i o n  and bulk dens i ty ,  i n  r e l a t i o n  . ; tm. 
110.e . 

- \ 
to the d i f f e r e n t  t i l l a g e  and dra inage  

s :E t r e a t m e n t s  ( f i g u r e  5 )  . 
,z 
.P 9 ,  ..list.nc. to It appears  c l e a r l y  t ha t theenhan  - 
; i p.n.t..tio. kgism' 
E bei*r.en brackets 

ced s o i l  compaction - in  t h e  minimum- 
- 
3 

" (a) 
t i l l a g e  i n  comparison t o  ploughed 

F ; ~ . J  w.i.,in b.,~.." bvlr hn,it, .nd culmr p l o t s  - i s  t h e  more e f f e c t i v e  cause  
h.i9ht .t h..rcrting time of w in t e r  wheat g,mwth and g r a i n  yield 

av.r.9. bulk d.nsit)r kgilitr. 

g 1.3 5,. . 3,s ;., r educ t ion  ( f i g u r e s  7 and 8) .  

'h s t a b i l i t y  of the 

. = m ' 
c .- . - - qe  
E. : $ - ,,. 
5 
rn 
c 

- - ; '.' 

g iven  loam-clay 
s o i l s b v  t h e  

I B . ~  ,. , Conclusively,  it could be  s a i d  
+%---#6.e1 

\ 
t h a t  i n  t h e s e  loam-clay s o i l s  a con- 
s i s t e n t  decrease  of w i n t e r  wheat 

0 .I@"*hd"s .  LO..;^.^. growth and y i e l d  may be expec t edby  * Y!"h""m.Ttll.~. 
0 . - LD,.,~... t h e  a p p l i c a t i o n  ofminimum-tillagein 
r..i.t.nc. to comparisonwith  t h e  normal ploughing 
p.m.tntion kgism' 

*27.31 
b.t~..~ bracli.t. 

up/down t h e  s l o p e , m a i n l y  a s  a con- 
sequenceof  an i n c r e a s e  of s o i l  

a nIAtwAaE \* c o n t r o l o f  run 
E 

i O P ~ ~ ~ C I I ~ N O  o f f  and erosio;, - 30. e - & P I A I Y A C E  . . Y ~ U ~ ~ U Y  T~~~~~~ without  reducing 
>> 1. >, is 7.7 d I "  - 'D I I IMAOE 

.r.r... bulk d.n.01. keilitr. 
t h e  amount of 

RS.. R.I.~~.~ kt..." bulCd.nriB .nd compaction. 
root .ionpation at h.rw..tinp time I n  any case ,  so i lunde rg round  

. - 
01 

~ i ~ . 7  u.l.tion b.fw..n rh..t grain ri-ld and F ~ ~ . ~  R.lrti.n b.tW..n 
w a t e r r e c h a r g e  

roil bulk d.msity yield and soil r.sbt.nc. to p.o.tntion and s t o r a g e  a t  
an e x t e n t i n  which p l a n t  growth and y i e l d  may by n e g a t i v e l y  
in f luenced .  
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INFLUENCE OF ACTIVE I!t?Lf.'' :ITS ON SOIE PUYSICAL 
PROPERTIES OF SOILfS AND CROP YIELDS. 

I.Dechnik, St.Tnrkiewicz 

ABSTRACT 

The influence of the Polish plough-miller as an acti- 
ve oultivation implement on soil atrength,moisture, total 
porosi%y, bulk density and crop yields was studied. 

The studies were conduoted in the gears 1913-1975 on 
brow soil formed from loamy sand. Cultivation with the 
mould-board plough was taken as control.Experiments were 
perforned in four replicas with potatoes, spring barley 
and rye using trifield rotation. 

The use of the plough-miller was found to cause a de- 
osease in strength and an increasc in total porosity of 
the cultivated soil;however,it did not vary boil moisture 
oontent in comparison wkth cultivation with the mould- 
board plough.Cultivation with the plough-miller has a fa- 
vowable effect on the yield of the plants studied. 

INTRODUCTION 

Investigations concerning the influence of active on- 

Itivatlon implement oar ahysioal properties of soils and 

crop yields have been conducted in Poland for several 
years, Their purpbse is to determine the maximum use of 

these implements in basic soil cultivation, which lends 

to replaos the traditional cultivation implement0 of soil 

such BE mould-board plough, hasrow and cultivator. 

Aooording to some authors b,2,4, the use of aotive 
Implements should reduce the number of suplementary til- 

lage and,in oonsequonce,reduce soil compaction due to t h ~  
decreased number of tractor operations in the field. 

The problem, however,is whether the use of aotive im- 

plements does not worsen physical properties of soils and 
crop productivity. V6t\ 

Fig.1 The Polish 
plough-miller 
PFz-235. 
i.ahase skin cculter 
2.furrow openning 
body 

3.Pmffe scarifier 
4.81~0 coulter 
5 . cardan shaft 



Our studies aimed i l t  cvnlr~:tt.liorl r T  r \14 cnlt~lvation 

with the plough-millor n plotl,yll c~:>llinctl riith active and r 
static working elements]as compared w i t h  cultivation by 

using the mould-board plough as the standard [f ig.$ 

3ETUODS 

Experiments were conducted on brown soil formed from 

loamy sand, in the years 1973, 1974 and 1975  tab.^] . 
TABLE i. Mechanical composition, physical and 

chemical properties of the soil. 
,,-----r--------------------'T'-'-"--------------------"' 

I I 
1 Percentage of mecha- I Bulk I~peci-  specific Hu- 

liDepth!nical /I om "---+---------------- fractions in mmi densi-lfic surface I mus ; 
' tY I gravit> (area I I ' i.0-90,b- 10,02 10,002 1 g*cm-3; I 

il 0,iI 0.02, I I -3 I 2 -1 
I 

-----c----+-----+----+-----+--------- 1g.cm lm. g 7-------r----"-- f % f  . T---- 
10-30' 60 1 24 1 16 16 11,5i !2,6O I 16.8 1.1; 
h ,,,, 2,-,+ ----.---- ,- - - - - - - - - - - - - - - - - - - -  I 

The experiment design comprised comparison of stre- 

ngth,moisture,total porosity,bulk density of soil and crop 

yields in two combinations of cultivation[tab.~ with three 

variances of trifield rotation, in four replicas Ctab.31 . 
TABLE 2. Cultivation measures in combinations. 

D 
I  cultivated 
{plants 
I 
f - 
I 
I 
I 
I 
Potatoes 

I 
I 

I 

Spring 
barley 

D 
I 

I / Ploughing with plough-j~loughing with mould- I 
miller I board plough I 

1 ----------------------&----------------- -----I I 
cultivation lmonth 'cultivation :month j 

measures I I measures I ,-----------,---I-,--,L--------------~------ I 
I 1 

winter plough- I ! winter plough- l I 
I IX ing 28 crn deeg I 

I -- ing ---------- 28 cm d-2- -----, 3.-- ---------- 4 --,-,- f I 
--I 

fertilizing NPK; ! fertilizing NPK I ' v I 
harrowitig I V harrowing I I 
planting I I planting I 8 I ---,----------,+------e--,,-------------+----v 

I 
winter plough- XI I winter plough- XI i 
ing 24 cm deep ling 24 om deep I 

t 
-----,-----,---L--,,---L--------------A-----J 

7 

fertilizing NPK! :fertilizing NPK I 
harrowing I11 f harrowing I I11 I 

li sowing i i sowing i a I 

I 
- 

i first plough- I l first plough- I I 
- 1 

I 
I I ing 12-15 cm IVIII ing 12-16 om 'I VIII I 
I f deep I ! deep I I 
I -----,,-----&---,--~--------------*-----J 
I 
s f 

I ploughing for . 1 ploughing for i I ! 
8 I 
r  ye sowing 24 am , IX ,' sowing 24 om ; IX I 
I ! deep I I deep I I 
B ----------.--L,,----L-------------+------ 

8 
0 

I I d 
I sowing I sowing X 

t 
1 I harrowing harrowing I 
I I ! I 



11973 1 potatoes! spring r y e  
I I i barley I 
~-----9---------+---------+----------- / TABLE 3. 
11974 spring : rye I 1 potatoes 1 
I I barley I I 1 Crop ro ta t ion .  
e-----*---------*---------+--------* 
11975 1 rye potatoes(spr ing i , 
I I I 1 barley @ 
L-----O-----------------------------I 

Soi l  s t rength  was measured n i t h  a manual spring-pene- 
trometer every year , in  April,June, August and October. 
S o i l  moisture [ i n  $4 by weight] a d  bulk density [in g.om-j 
were determineal by the oven-dry method and t o t a l  porosity, 
by a i r  pioknometer. 

RESULTS 
So i l  s t rength and moisture content. .................................. 

Soi l  s t rength was higher i n  the summer months [ ~ m e ,  
August] under a l l  p lan ts  stufiied r e g a r d l e s ~  the  cult iva- 
t i o n  implements used Lfig.23. 

However, it was lower i n  the  s o i l  cultivated with the  
plough-miller i n  comparison with the  s t rength  of the  s o i l  
ou l t iva ted  with the  mould-board plough almost i n  all mon- 
t h s  [fig.:!].These differences  a r e  d i a t i n o t l y  higher i n  
the  soPl under oereals  than under potatoes. 

Fig.:! The influence of oompared culltivation measures 
on s o i l  s t rength [mean value of 3 years]. 

The d i f f e ren ta t ion  of s t rength of the  s o i l  s tudied is 
r e l a t e d  t o  changes i n  moisture oontent of t h i s  soi l ,par-  
t iou la ry  i n  the  vegetation period,?!he s t rength  of the  sofl 



Q 
@3 s 

$2 m 

: d 
R Q, 

El 
g- 
66) 
&&I 
Q bD 
S r l  
6 0, 
ss B 
rl 

gB 
'ek? : Fl m *  
a, 
8 - 
O c ,  

O!i! 
Bro 

f! 
g a .  3 E'g 
rle e r m ~ ,  
F:d h 

=Pi a 
8) 

El 0 
r a e r  
m o o  
m . 
U) 
d 
E 

6 ) 1  
rl 0 
m t 
!i! 1 
a I 

t 
Al I 
rl I 
I I 
PI  
a l 
I 
I 

hI 
+'I 
..-i I 
rn I 
0 1 
F4 l 
0 1 
at 

I 
rl l 

, (dl 
el 
0 1 
E4 l 



i n  t he se  per iods  were qui%e a7everaz,although t h e  variat ion 

of  th is  c h a r a c t e r i s t i c  w a s  n o t  s i g n i f i c a n t  i n  t h e  perLod 

s tnd i ed  [fige5] . 
0- plough-miiler 
PI- mouldboard plough 
potatoes barley 
A, 

V? , 

Fig,S The inf luence  of  
compared c u l t i v a t i o n  
measures on s o i l  bulk 
dens i t y  i n  g.cm-3 [mean 

3 va lue  of 3 years  e s  

A t  t h e  begining of  t h e  vege t a t i on  per iod t,ataP porosi- 
t y  of t h e  s o i l  c u l t i v a t e d  wi th  t h e  plough-miller was s l f -  
g h t l y  h igher  than t h a t  of t h e  s o i l  c u l t i v a t e d  with t h e  
mould-board plough. P a r t i c u l a r l y ,  s i g n i f i c a n t  differelnoes 
[ $1 were found under po t s toe s  a d  r y e  [fig.4] 

Pn autum, t o t a l  poros i ty  of t h e  s o i l  d i d  not  vary i n  
r e l a t i o n  t o  t h e  a u l t i v a t i o n  implements used. Consequently, 
t h e  inc rease  of t o t a l  poros i ty  of t h e  s o i l  caused by 
us ing theplough-mPller 3s shor t - l ived i n  r e l a t i o n  t o  
mould-board plough cu l t i va t i on .  The s o i l ,  being crunbled 
and ~ i x e d  b e t t e r  by t h e  a o t i v e  elements 0% t h e  plough- 

m i l l e r ,  depos i t s  i t s e l f  f a s t e r  during t h e  vege ta t ion  pe- 
r i o d  and i t s  t o t a l  po ros i t y  approximates t h e  l e v e l  of t h e  
po ros i t y  of t h e  s o i l  c u l t i v a t e d  with t h e  mould-board 

plough. 
Crop y i e l d s .  ------------ 

Crop y i e l d s  of t h e  s o i l  c u l t i v a t e d  wi th  t h e  plough- 
m i l l e r  were s l i g h t l y  h igher  than those of t h e  s o i l  c u l t i -  
va t ed  mlth t h e  mould-board plough i tab.4 . This  tendency 1 

TABLE 4. Crop y i e l d s  of. p l a n t s  i n  q . h ~ i q  ................................................. 
/ Cul t iva t ion  ; 6 Cult ivat ,ed ants I ------------------- P? ----*------- I 
I measure B I P o t i l t o c s  I Spr ing  bar ley  8 Bye 
1------,---,----&---------4---------------*------- 
I 8 I 6 
1 P l o ~ ; ~ ~ ~ ~ - ! ~ i l l ~ ? r  2 6 1  I 42 ,s  1 37,7 ' ,---------------,---------,------------------------! 



is aorrelated with more favourable physical properties of 

the soil cultivated with the plough-miller. This concerns 

higher values of total porosity and lower 

strength of the soil at th3 begining of plant growth. 

CONCLUSIONS 

i. The use of the plough-miller in basio cultivation 

causes a deorease in soil strength and an inorea- 
se in total porosity of brown soil formed from 

loamy sand in comparison with these properties of 
the soil cultivated by using the mould-board 

plough. 

2. Cultivation with the plough-miller as compared 
with mould-board plough cultivation did not vary 

the soil moisture content. 

3. The replacement of the mould-board plough by the 

plough-miller in basio cultivation has a favoura- 
ble effect on yields of potatoes, spring barley 

and rye of the soil studied. 

1. Pantera W. 1972. PamPetniki Pulawskie. 51: 5-16. 

2. Radomslia M. 1970. Postepy Nauk Bolniozyoh. 1/2: 

147 - 153. 
3. ~wietochoaski B. 1967. Post~py Nauk Rolniazych. 

2: 65 - 75. 
4, Walczak R., Orlowski R., Pukos A ,  1973. Polish 

Journal of Soil Science, vol.VI. 2: 

87 - 94. 
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T H E  IiiFLUENCE OF LONG - T E R M  REDUCED T I L L A G E  
IW T W O  CROP ROTATION ON T H E  YIELD O F  WHEAT 
A N D  M A I Z E  

Prof.dr P e t a r  Drezgid 
Faculty o f  Agriculture, University - idovi Sad, 
Y u g o s l a v i a  

A B S T R A C T  

A r e s e a r c h  i n t o  reduced t i l l a g e  has been l a s t e d  
f o r  t h e  t e n  years  i n  a  complex exper imen t .  T h i s  
paper w i Z Z  p r e s e n t  t k e  r e s u l t s  o f  reduced t i l -  
lage  e f f e c t ,  p loughing,  and, t h e  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 t h e  wheat and maize y i e l d  i n  
e i g h t  exper imen t -years  (1967-1974).  Ees ides  
t h o s e  r e s u l t s  t h e  l a s t  4 experiment-years '  r e s -  
u l t s  have been s e p a r a t e l l y  cons idered .  The r e s -  
u l t s  po in ted  t o  t h e  j o l l o w i n g  c o n c l u s i o n s :  
Ploughing i s  p r e f e r a b l e  t o  t h e  reduced t i l l a g e  
especiaZZy w i t h  maize under p r e s e n t  s o i l  and 
c Z i m a t i c  c o n d i t i o n s .  Ploughing i n  r e l a t i o n  t o  
reauced t i t l a g e  r e s u l t s  i n  h i g h e r  yieZd w i t h  
maize compared w i t h  wheat .  

The exper imen t  was e s t a b l i s h e d  i n  1 9 6 5 / 6 6  i n  

t h e  I n s t i t u t e  o f  AgricuZturaZ Research i n  Novi Sad w i t h  

t h e  f o l l o w i n g  e x p e r i m e n t a l  v a r i a n t s :  d isc-harrowing t o  

t h e  d e p t h  o f  5-10 em, ploughing t o  15 cm, 25, 35 and 4 5  

em, w i t h  4 f e r t i l i z a t i o n  v a r i a n t s :  check p l o t ,  low mine- 

r a l  f e r t i l i z e r  r a t e  - 170 kg/ha  N P K ,  medium - 2 5 6  kg/ha 

and h i g h  r a t e  - 342 kg/ha  N P K  pure n u t r i e n t s  i n  r e l a t i o n  

t o  71:59:40; 107:89:60 and 143:119:60. No h e r b i c i d e s  were 

a p p l i e d  i n  t h e  exper imen t  and t h e  weed c o n t r o l  was per- 

formed by hand. 

2'he p r e v i o u s  r e s u l t s  were pub l i shed  a  few t i m e s  

(Drezg i6  e t  a l l  1968, 1 9 6 9 ,  1972. 1 ,  2 ,  3 1 .  I n  t h i s  paper 

t h e  average  y i e l d  r e s u l t s  are  going t o  be presen ted  frotz 

e i g h t  exper imen t -years  and from t h e  l a s t  four s e a r s ,  e x e p t  

t h e  v a r i a n t  o f  placcghing t o  t h e  d e p t h  o f  4 5  cm. 

BASIC C L I M A T I C  AND S O I L  F E A T U R E S  OF T H E  
EXPERIKENTAL REGION 

According t o  long term m e t e o r o l o g i c a l  o b s e r v a t i -  

ons o f  t h e  e x p e r i m e n t a l  r e g i o n  ( t h e  n o r t h - e a s t  par t  o f  Yu- 

g o s l a v i a  - Vojvod ina)  t h e  c l i r c a t i c  d a t a  were as  f o l l o w s :  

t h e  average  annual t empera ture  from 10,9 C ,  average  a i r  

t empera ture  i n  J u l y  81,4 C, i n  January - 1 , 5  C .  Te average 

t empera ture  f z u c t u a t i o n s  between J u l y  and January from 



2 2 , s  C t o  2 3 , l  C .  T h e  t o t a l  a n n u a l  t e m p e r a t u r e  a t t a i n e d  t o  
s223' i. And a n n u a l  p r e c i p i t a t i o n  i n  1,049-1970 t o  601 mn:. 

T h e  e z p e r i m e n t s  w e r e  c a r r i e d  o u t  o n  m o d e r a t e  Zime- 

-cKernozem t ~ d p e  o f  s o i l  o f  t h e  f o l l o w i n g  p r o p e r t i e s :  t h e  

a a 2 t n  o f  A humus h o r i z o n  w e n t  t o  a  d e p t h  o f  50 cm. T h e  ho- 
v -  ...* - l , , n  AC was a t  a  d e p t h  o f  5g-80 cm, where  a s  u n d e r  i t  was 

l o e s s  r i c h  i n  Zime. A c c o r d i n g  t o  m e c h a n i c a l  t e x t u r e  A and  

A: n o r i z o n s  b e l o u n g e d  t o  c l a y  loam. 

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

a l k a l i n e  ( 7 , 7 3 .  From a  d e p t h  o f  20 t o  40 cm i t  c o n t a i n e d  

s v i a i l  q u a n t i t i e s  o f  Zime 0 - 1 5  Under  a  d e p t h  o f  40 

cr,? t h e  s o i l  was r i c h  i n  c a r b o n a t e .  Te c o n t e n t  o f  humus was 

n , o d e r a t e  (3-3,5!$I.i, and l i k e w i s e  t h e  o n e  o f  n i t r o g e n  ( 0 , l C -  

0 , : a x ) ;  a v a i l a b Z e  P 2 0 5  was 12-14 mg/100 g r  s o i l ,  and K20 

a b o u t  2 2  mg/lOO g r  s o i l .  I t  had s a t i s f a c t o r y  w a t e r - p h y s i -  

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

l 'he m e t e o r o l o g i c a l  c o n d i t i o n s  v a r i e d  a c c o r d i n g  t o  

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

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

on ~ n e  9 i e i d  i n  e a c h  e x p e r i m e n t a l  y e a r .  

RESULTS A N D  DISCUSSIO?4 
T h e  e r p e r i r n e n t a l  r e s u l t s  o f  t h e  m a i z e  a r e  r e p r e -  

s e n t e c i  o n  T a b l e  1 .  and g r a p h  1. 

I n  t h e  e i g h t - y e a r s  a v e r a g e  on t h e  c h e c k - u l o t  t h e  

p l o u g h i n g  compared w i t h  r e d u c e d  t i l l a g e  was more a d v a n t a -  

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

p l o u g h i n g  o n  t h e  g r e a t e s t  d e p t h  o f  35 cm amounted t o  19,C 

q / h a .  T h e s e  d i f f e r e n c e s  w e r e  g r e a t l y  r e d u c e d  b y  t h e  a p p Z i -  

c a t i o n  o f  f e r t i z i z e r s  and amounted  t o  10,64 q / h a .  o n  a v e -  

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

o f  m i n e r a l  f e r t i l i z e r s  on  t h e  y i e l d  h e i g h t  was c o n s i d e r a -  

LZy h i g h e r  a n u  i t  was 19 q on a n  a v e r a g e  f o r  aZZ c u l t i v a -  

t i o n s  a e p t h  and m i n e r a l  f e r t i l i z e r  r a t e s .  

Tide r e s u l t s  f o r  t h e  l a s t  4 y e a r s  showed ,  r e l a -  

t i n ?  t o  e i g h t - y e a r s  a v e r a g e ,  s i g n i f i c a n t  d i f f e r e n c e s  b e t -  

ween r e d u c e d  t i l l a g e  and p l o u g h i n g .  On t h e  c h e c k - p l o t ,  

t i z ece  d i f f e r e n c e s  v a r y  f rom 25 q / h a  t o  t h e  b e n e f i t  o n  t h e  

a e e p e s t  p l o u g h i n g  f rom 35 em. k'hen f e r t i l i z e r s  w e r e  added  

t h e s e  u i f f e r e n c e s  w e r e  l e s s  and amounted t o  14  q / h a  t o  t h e  

b e n e f i t  o f  t h e  d e e p e s t  p i o u g h i n g .  



The e f f e c t  o y  Zong-term r e d u c e d  t i Z Z a g c  (.S?,ii 1Zov) cti2ts:vn- 
t i o n ) ,  v a r i o u s  pZoug:c-Lng d e p t h  and i n t e i ? s i t ? ~  oJc f e r t i z i -  
e n t i o n  on t h e  y ieZd  o f  ma i ze  cnd u h e a t .  
Tab.1 Y i e Z d  o f  m a i z e  g r a i n  a v e r a g e  f o r  e i g h t  y e a r s  - 

2 9 6 7 - 1 9 7 4 .  

- - -- - - - - -- 
i i a t e  o ~ "  .',';-';. - % r e  ~ u t r i e n t s  - . . - - -2~-  -. 

Depth o;? Lvera~i.~ 
cu i t i va t ion  0 170 256 rill(i %r t& 7 /  'i 

i:rr 
u ,kc ,:iept;z nj' 

cuztiva- 

Dise-::mroz:i?ig 5-13 en? :!8,97 d i ? ,  2 3  >4,:?5 .i,> 7 2  <37, <1 
?Zoup$ii~? t o  I 5  cn 81,22 101,ai 1:22,32 i04,zC V ' 7  , ., Y .  ,. 

i: 25 en? ciu',28 l O L ' , d i  1O1,:R Zr,il,Ec' ~ 7 ,  aG 
35 em d7:73 130,74 ~. - -- .iJ,31 10YIJ1;7 J:?, ,7;i ~. 

kveraoe for .. " 
mInzraZ fer- 80,83 %?,6Z 93,J; 1U1,Sd $>,OJ 
t iZ iaers  -. . . . - -- - - .- - . . .. -- - .. - - - -- -- - - 

~'JicZJ oj' pai?z (ma-age j"or t;!~ Z a ~ t  few "CCTS 1271-1.;74i 
- ---- - 

pisc-;:m- 
ro~~ i ; zg  5-30 ~ 7 , g ~  2~ , ; ; '7  3z.23 C*L, .-.- u 3  81,:s 
'3Zoughin.q t o  1L criz i6,,S2 7 1.3 1 12;,4,5 $2, u c  

i t  2;  c 7 1 0 2 5  l00,72 25,SS 
;I 35 cn 2 1  7 38,;Y 101,75 $5:  ;; - -- - - - - - - - - - -- - - -- - - -. - -. 

Averace jCor 
mineral ,Fer- 
t i l i z e r s  - -. - - 7L, --- j7 - -S,(?; :8,.35 s ~ , 2 3  51,57 - - - - - - - - - - -. - 
TaE.2 Y i e Z d  o f  wheat  g r a i n  a v e r a g e  f o r  e i g h t  y e a r s  - 

1 ~ 6 7 - 1 9 7 4 .  

3 37Lj 2$a 
.&era96 

3a; for t:ie 
r:? k,- kg depth o;? 

cuZti- 



The  same r e s u l t s  p r e s e n t e d  o n  graph .1  w e r e  wor- 

a c  o ~ t  k? s q u a r e  r e g r e s s i o n .  :he.se d a t a  S ~ O L I  c l o a r l ~ : .  "ze 

t i i ; / z r e n c e s  b e t w e e n  r e d u c e d  t i Z l a g e  a n n  p l o u g h i n g  on g r e -  

s t e r  ~ e p t h ,  h o v e v e r ,  i t  i n c i c a t e d  t h a t  t h e  i n c r e a s e d  m i -  

zsru?. f e r t i l i z e r  r a t e s  d e c r e c s e a  rile e f y e c t  o f  plough in^ 

."F G "'. 
On tak.Le 2 t k e  e x ~ e r i m e n t a l  r e s u i t s  a r e  r e c o r d e d  

~ , : i t k  w i n t e r  ~ : h e c t .  The  F e a u Z t s  2 i t h   h heat a i f f e r  s i g n i f i -  
. , c a n t i $  From t h e  r e s u l t s  :,:t$,; ,n:zi:~e o v e r a i l  t h e  wireat was 

,vore a j - f e c t e d  3!3 t A e  i y ; t e > ? s i t ?  o f  j e r t i l i z a t i o n  t h a n  b y  

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

f e r e n c e  i n  t h e  y i e Z I s  h e t ~ : e e n  r e d u c e d  t i S Z a ~ e  and t h e  d e -  

e p e s t  p l o k g n i n g  on t h e  c L e c k - p l o t  &mounted t o  1 , 8 5  q/; ia .  

S o u e v e r ,  t h e  ~ l i e l d s  ;:era s l i g L t Z y  r e d u c e d  b y  g r e a t h e r  p l o u -  

3 h i n  t i e p t i  b y  u s i n , -  f e r t i l i z e r s .  

I n  t h e  l a s t  4 y e a r s  t h e  . s i c n i f i c a n c e  o f  t h e  p l o u -  

~ n i n , -  d e p t ~ i  h a s  b e e n  c Z e a r L y  i n c r e a s e s  o n  t h e  c h e c k - p l o t  

b u t  l e s s  b2 a d d i t i o n  o f  f e r t i l i z e r s .  0 n  t h e  check-o lot 
t h i s  d i f f e r e n c e  idas 4 , 3 2  q / i ~ n  t o  t h e  b e n e f i t  o f  d e e p e r  

~ Z o k g h i n g  s here as t h i s  C f f f e r e n c e  h a s  b e e n  r e d u c e 6  t o  

G , i 4  q / h a  b y  u s i n g  f e r t i l i z e r s .  

On g r a p h  2 bhe s a x e  r e s a l t s  a r e  worked o u t  b y  

s q u a r e  r e g r e s s i o n .  

YAe d a t a  o f  ; ' hea t  r e s p o n s  on p i o u g h i n g  d e p t h .  i n  

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

e z p e r i m e n t s .  The  r e s u l t s  o f  t k e  same e x p e r i m e n t  p u b Z i s h e 2  

i n  1.569 i n d i c a t e d  t o  t h e  s i g n i f i c a n c e  o f  c u Z t i v a t i o n  qua-  

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

s o w i n g  i n  two  c r o p  r o t a t i o n  z t  b:as c i f f i c u l t  t o  o b t a i n  

t e c a u s e  01 Late  m a i z e  h a r v e s t  2nd s h o r t  p e r i o d  f o r  s o i l  

p a n n i n ~  and s o x e  o t h e r  d i f f i c u Z t i a s  i n  s e e d  bed p r e p a r a -  
- -  &Lon.  U n i e r  s u c h  c o n d i t i o n s  t h e  d e e p e r  t h e  s o i l  c u l t i v a -  

t i o n  t f i e  p o o r e r  t h e  q u c l i t : !  hlas and t h e  number o f  s s e d l i -  

rigs u a s  r e a u c e d .  
,:I - ' n e s e  0 2 s e r v a t i o n s  w e r e  i n  a c c o r b a n c e . w i t h  t h e  

r e s k i t ;  o j  A . S t r a n a k  1<,5i, who p o i n t e d  t o  t h e  s i g n i f i -  

cai :cz  o f  s o i l  c o m p a c t i o n  f o r  c e r e a l s  y i e l d .  

On g r a p h .  3 t h e  p c r a l i s l  e s p e r i m e n t a ' s  r e s u l t s  rraZze 

on.;. ;>;!eat a r e  s h o ~ l n .  T h e s e  r e s u 2 t . s  f o r  e i g h t - y e a r s  a v e r a g e  

a,*(- f o r  t h e  l a s t  4 e x p e r i m e n t a i  y e a r s  a v e r a g e  p o i n t e d  t o  



cons ide rab l e  d i f f e r e n c e s  between t h e  two crop t y p e s .  

Reduced t i l l a g e  compared t o  ploughing r e s u l t e d  i n  b e t t e r  

wheat y i e l d  than  maize .  Our prev ious  i n v e s t i g a t i o n s  i n d i -  

cated  t h a t  reduced t i l l a g e  lead t o  s a t i s f a c t o r y  r e s u l t s  

w i t h  wheat a f t e r  sugar-beet  and maize under appropr ia te  

c l i m a t i c  c o n d i t i o n s .  However, ploughing had p r i o r i t y  over  

reduced t i l l a g e  w i t h  maize.  (Drezgid  e t  alZ.6-7).  Many 

f a c t o r s  have t o  be t aken  i n t o  c o n s i d e r a t i o n  for a  suc-  

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

c u l t u r e s  and i n  t h a t  regard we agree w i t h  E.W.Russe2 

( 1 9 7 4  1 8 ) ,  and o t h e r  au thor s  who examined t h a t  problem 

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

m a t i c  c o n d i t i o n s  and t h e  implements  app l i ed .  
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WATER UPTAKE BY WHEAT ROOTS I N  TILLED AND -UNTILLED LOESS 

SOIL 

W i l f r i e d  E h l e r s  

I n s t i t u t  f i i r  Pf lanzenbau und Pflanzenziichtung d e r  Uni- 

v e r s i t a t  G t t t i n g e n ,  von-Siebold-Str-8 ,  34 Go t t i ngen ,  

Germany- 

ABSTRACT 

The wa te r  up t ake  p a t t e r n  o f  wheat r o o t s  was i n v e s t i g a t e d  
i n  t h e  f i e l d  w i t h  z e r o - t i l l e d  p l o t s  and c o n v e n t i o n a l l y  
t i l l e d  p l o t s ,  I n  b o t h  t i l l a g e  t r e a t m e n t s  wate r  was ab- 
sorbed  mainly i n  t h e  s o i l  t o p  l a y e r s ,  where r o o t i n g  den- 
s i t y  was high.  But when t h e  t o p  l a y e r s  became d r y ,  t h e  
zone o f  maximum wa te r  up t ake  was s h i f t e d  t o  deeper  s o i l  
l a y e r s .  The a v a i l a b i l i t y  o f  wate r  was s t r o n g l y  dependent 
on s o i l  mo i s tu re  t e n s i o n  a l r e a d y  i n  t h e  low t e n s i o n  
range  ( .C  1 b a r  1. I n  t i l l e d  s o i l  r o o t s  absorbed less w s -  
t e r  from t h e  20-30 c m  l a y e r  w i th  a. smal l  p o r o s i t y  a s  
compared t o  a d j a c e n t  l a y e r s  w i th  h i g h e r  p o r o s i t i e s .  

INTRODUCTION 

The wa te r  up t ake  and t r a n s p i r a t i o n  o f  p l a n t s  w i l l  depend 

on t h e  m e t e r o l o g i c a l  c o n d i t i o n s ,  t h e  h y d r a u l i c  proper-  

t ies  o f  t h e  s o i l  and t h e  r o o t i n g  system o f  t h e  p l a n t s .  

From p r e v i o u s  i n v e s t i g a t i o n s  i t  was known t h a t  p o r o s i t y  

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

u n t i l l e d  l o e s s  s o i l  ( E h l e r s  and van d e r  P loeg  1976) .  

The re fo re  w e  expec ted  t h a t  wa te r  up t ake  p a t t e r n  o f  wheat 

r o o t s  might b e  i n f l u e n c e d  by t i l l a g e .  The aim o f  t h e  i n -  

v e s t i g a t i o n  was t o  show, from which s o i l  l a y e r s  wate r  

i s  e x t r a c t e d  by wheat p l a n t s  and how water  e x t r a c t i o n  

i s  i n f l u e n c e d  by r o o t i n g  d e n s i t y ,  by wate r  c o n t e n t  and 

wa te r  t e n s i o n  r e s p e c t i v e l y  and by t h e  p o r o s i t y  o f  t h e  

s o i l .  

MATE RIALS AND METHODS 

The exper iment  was conducted i n  1971 w i t h  w i n t e r  wheat 
on t i l l e d  and u n t i l l e d  g r e y  brown podzo l i c  s o i l  d e r i v e d  
from l o e s s .  On u n t i l l e d  p l o t s  t i l l a g e  had been o m i t t e d  
f o r  f o u r  years .  Within  2 m deep s o i l  p r o f i l e s  mo i s tu re  
t e n s i o n s  were recorded  d a i l y  and wate r  c o n t e n t s  were 
de te rmined  tw ice  a week. Root weight o f  wheat p l a n t s  
was determined a t  seven d a t e s  du r ing  t h e  v e g e t a t i o n  



per iod .  More d e t a i l s  on s o i l  and methods a r e  g iven  e l s e -  
where ( E h l e r s ,  1976a,  1976b). 
The theo ry  f o r  determinLng water  up t ake  by r o o t s  from 
d i s t i n c t  s o i l  l s y e r s  i s  p re sen ted  by E h l e r s  (1976b).  It 
i s  based on t h e  n o t i o n  t h a t  t o t a l  wate r  f l u x  w i t h i n  t h e  
s o i l  p r o f i l e  i s  composed o f  c a p i l l a r y  f l u x  and f l u x  
th rough  p l a n t  r o o t s .  T h e r e f o r e ,  f o r  e v a l u a t i o n  o f  t h e  
wa te r  f l u x  through r o o t s  c a p i l l a r y  f l u x  h a s  t o  be  sub- 
t r z c t e d  from t o t a l  wate r  f l u x  (Ogata ,  Richards  and Gard- 
n e r ,  1960) .  

RZSULTS AND DISCUSSICN 

T o t a l  wate r  f l u x  ( v  t o t 2 1  ) ,  c a p i l l a r y  wa te r  f l u x  through 

t h e  s o i l  m a t r i x  ( v  ) and water  f l u x  tinrough r o o t s  
c  aP 

( Vroo t ) a r e  p r e s e n t e d  i n  F igu re  1 ( l e f t  s i d e )  f o r  u n t i l -  

l e d  and t i l l e d  s o i l  and f o r  two p e r i o d s  i n  J u l y .  A t  J u l y  

2-5 t h e  s o i l  was s t i l l  mo i s t  because o f  h i g h  p r e c i p i t a -  

t i o n  i n  June.  T h i s  i s  i n d i c a t e d  by t h e  t e n s i o n  p r o f i l e  

a t  t h e  r i g h t  s i d e  o f  t h e  f i g u r e .  I n  40 c m  d e p t h  a  "wate r  

d i v i d e v  may b e  no t i ced ,wh ich  s e p a r a t e s  c a p i l l a r y  f l u x  

( v  ) i n  an upward f l u x  due t o  evapora t ion  and a  down- 
c aP 

ward f l u x  due t o  seepage. A t  t h e  s o i l  s u r f a c e  t h e  cu rve  

O f  V t o t a l  i n d i c a t e s  t h a t  t o t a l  e v a p o t r a n s p i r a t i o n  o f  t h e  

wheat p l a n t s  amounted t o  6  t o  7  mm p e r  day i n  bo th  til- 

l a g e  t r ea tmen t s .  Water up t ake  o f  r o o t s  was more o r  less 

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

(middle  o f  t h e  f i g u r e ) .  A t  J u l y  22-25 "-he upper  p a r t  o f  

t h e  s o i l  p r o f i l e  had l o s t  wate r  mainly due t o  evapotran-  

s p i r a t i o n  and t h e  l a c k  o f  r a i n f a l l  (compare t e n s i o n s  i n  

F igu re  1). E v a p o t r a n s p i r a t i o n  r a t e s  had dec reased  t o  

s b o u t  3.5 mm p e r  day and maximum water  up t ake  had s h i f t e d  

t o  30-60 cm s o i l  dep th ,  

I n  Table  1 t h e  cumula t ive  wate r  up t ake  by t h e  r o o t s  from 

d i f f e r e n t  s o i l  l a y e r s  i n  J u l y  i s  Compared w i t h  r o o t i n g  

d e n s i t y  a t  J u l y  13. Root d i s t r i b u t i o n  was s i m i l a r  i n  

t i l l e d  and u n t i l l e d  s o i l  and wate r  was mainly absorbed 

from t h e  0-10 and 10-20 cm t o p  l a y e r s  (Tay lo r  and K l e p p e ~  

19731, where 60 t o  70 % o f  wheat r o o t s  were concen t r a t ed .  

Only 15 t o  1 7  % o f  t h e  wa te r ,  which was evapo . t ransp i ra ted  

by t h e  p l a n t s ,  was taken d i r e c t l y  from l a y e r s  Selow 60 cm 

depth.  Although r o o t i n g  d e n s i t y  was s i m i l a r  i n  the 20-30 

cm l a y e r  o f  bo th  t i l l a g e  t r e a t m e n t s ,  wate r  up t ake  from 

t h e  l a y e r  o f  t i l l e d  s o i l  was o n l y  50 % o f  t h e  wate r  np- 

t a k e  from t h e  l a y e r  o f  u n t i l l e d  s o i l .  
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Fig. 1 - 
T o t a l  wate r  f l u x ,  
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a s  i n f l u e n c e d  by 
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t e n s i o n  ( 2  d a t e h  
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Table  1 - Water up take  by r o o t s  o f  w i n t e r  wheat from 
d i s t i n c t  s o i l  l a y e r s  ( J u l y  1-25) and r o o t  d i s t r i b u -  
t i o n  w i t h i n  t h e  p r o f i l e  ( J u l y  1 3 ) .  T i l l e d  and u n t i l l e d  
s o i l  

---- t i l l e d  ---- ---- u n t i l l e d  ---- 
Layer  Weuptake Root dens,  Weuptake Root dens,  
(cm) ( m m )  (%)  iq/m2) ( % )  (mm)  i%) (q/m2) ( % )  
0-200- 113 100 53 100 125 100 60 100 

0- 10 40 35 28 5C 35 28 29 49 
10- 20 24 2 1  8  15 21 17 8  14 
20- 30 6  5  5  9  13  10 6 9  
30- 00 13  11 3  6  14 11 4 7  
40- 50 7 6 3  5 1 4  11 9 n 6  
50- 60 3  3  2  4 10 8  3  5 
60-200' 19 1 7  4 7 18  15 6  10 
* Roots i n  0-100 c m  and 60-100 crn r e s p e c t i v e l y  



Water up take  r a t e s  w i t h i n  v a r i o u s  l a y e r s  o f  t i l l e d  and 

u n t i l l e d  s o i l  a r e  p r e s e n t e d  i n  F igu re  2 a s  a  f u n c t i o n  o f  

u n s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  and r e l a t e d  wa te r  

t e n s i o n s  and a i r  c o n t e n t s .  Fur thermore t h e  i n f l u e n c e  o f  

r o o t  d e n s i t y  a s  determined a t  seven d a t e s  d u r i n g  the ve- 

g e t a t i o n  p e r i o d  on wate r  a b s o r p t i o n  i s  shown i n  t h e  f i -  

gure.  The c u r v e s  were o b t a i n e d  by m u l t i p l e  r e g r e s s i o n  

a n a l y s i s  u s i n g  d a t a  on wate r  up t ake  r a t e s ,  r o o t  weight  

and h y d r a u l i c  c o n d u c t i v i t y .  I n  t h e  0-10 cm l a y e r s  o f  

b o t h  t i l l a g e  t r e a t m e n t s  up take  r a t e s  dec reased  s h a r p i y  

w i th  d e c r e a s i n g  c o n d u c t i v i t y  and i n c r e a s i n g  t e n s i o n  

and ~ v a i l a b i l i t y  o f  wate r  g o t  reduced a l r e a d y  a t  t e n s i -  

ons  l e s s  t han  1 b a r .  I n  l a y e r s  below 10 c m  dep th  o f  til- 

l e d  s o i l  and i n  t h e  30-40 c m  l a y e r  o f  u n t i l l e d  s o i l  wa- 

ter  a b s o r p t i o n  was smal l  a t  low t e n s i o n s ,  i n c r e a s e d  wi th  

i n c r e a s i n g  t e n s i o n s  and reached maximum v a l u e s  w i t h i n  t h e  

t e n s i o n  range o f  0.5 t o  1 b a r ,  A t  h i g h e r  t e n s i o n s  wate r  

a b s o r p t i o n  dec reased  again .  S i m i l a r  r e s u l t s  were repor -  

t e d  by Yang and de  Zong (197:). The t r a n s p i r a t i o n  r a t e  

o f  wheat p l a n t s ,  grown i n  a  s o i l  column o f  45  cm dep th ,  

was h i g h e s t  a t  abou t  1 b a r  t ens ion .  Reduced t r a n s p i r a -  

t i o n  a t  lower  t e n s i o n s  was a t t r i b u t e d  by t h e  a u t h o r s  t o  

reduced s o i l  a e r a t i o n ,  A s  a e r a t i o n  i s  3 d i f f u s i o n  pro- 

c e s s  dependin9 cn pat'n l e n g t h ,  i t  seems r e a s o n a b l e  t h a t  

i n  t h e  s o i l  l a y e r  n e a r e s t  t h e  s u r f a c e  wa te r  up t ake  de- 

c r e a s e d  c o n t i n u a l l y  w i th  an i n c r e a s e  i n  t ens ion .  

R e s u l t s  p r e s e n t e d  i n  Table  1 and F igu re  2  e l u c i d a t e  t h a t  

wa te r  up t ake  may b e  smal l  i n  t h a t  l a y e r ,  which comprises  

t h e  t i l l a g e  depth.  It seems obvious  t o  r e l a t e  t h e  a b i l i -  

t y  o f  r o o t s  f o r  wa te r  up t ake  t o  t h e  p o r o s i t y  and t h e  

po re  s i z e  d i s t r i b u t i o n  of  t h e  s o i l .  These d a t a  a r e  l is-  

t e d  i n  Table  2, 

Within t h e  t i l l e d  s o i l  t h e  20-24 cm l a y e r  had t h e  smal-. 

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

s o i l  d i f f e r e n c e s  were o n l y  s l i g h t .  On t h e  o t h e r  hand it 

was shown by E h l e r s  and van d e r  Ploeg (1976) t h a t  t h e  un- 

s a t u r a t e d  h y d r z u l i c  c o n d u c t i v i t y  i n  t h e  low t e n s i o n  range  

( ( 0 - 1  b a r )  was less i n  t h e  20-30 c m  la.yer o f  t i l l e d  s o i l  

a s  compared t o  a d j a c e n t  l a y e r s  and t h e  l a y e r s  o f  u n t i l l e d  

s o i l .  The same was t r u e  wi th  t h e  s a t u r a t e d  h y d r a u l i c  



- 

.x 18 28 29 n Y S O I I P ~ ~ ~ O I . . ~ . )  19 30 P 36 - ; 
l , l o ,  , , , , , , , , ":'""" 

R2=0 ,45nz  

,. .. 20-30cm -.---.. 
d2.>:.. 

0 3 0 8 2  5 Tmsionlb~O 025 W 2 5 
20 28 23 32 Sai lalrhd,%l 15 24 26 31 

OY 0 3  a 8  2 T ~ ~ ~ , ~ ~  ieqrl ou 025 0.8 2 
21 24 32 Y Soil ai(mI.7.) 20 23 30 33 

1 I 

10-2 lo4 10-6 10-8 1 loL 10" 10-8 
Hydmulie conductivity Icmldayl 

Fig. 2 - 
Water uptake r a t e s  
o f  wheat r o o t s  from 
10 cm l a y e r s  o f  un- 
t i l l e d  and t i l l e d  
s o i l  a s  r e l a t e d  t o  
r o o t i n g  d e n s i t y  and 
unsa tu ra ted  hydrau- 
l i c  conduc t iv i ty  , 
so i l  a i r  and water  
t e n s i o n ,  r e s p e c t i -  
v e l y  ( 7  d a t e s  from 
Apr i l  t o  August). 

L i. 

Table 2 - P o r o s i t y  and volume o f  pore c i a s s w  i n  va r ious  
l a y e r s  of t i l l e d  and u n t i l l e d  s o i l  

------- t i l l e d  ------- ------ cn . t i l l ed  ------- 
Layer P o r o s i t y  Pore c l a s s  ( p) P o r o s i t y  Pore c l a s s  ( p )  

>30 3-30 < 3  >30 3-30 < 3  

c o n d u c t i v i t y  ( E h l e r s ,  19751, W e  supposed t h a t  r e g u l a r  

plowing reduced t h e  c o n t i n u i t y  o f  pores  connect ing top- 

and s u b s o i l  ( E h l e r s ,  1976a). Such a  kind of  pore i n t e r -  

r u p t i o n  was demonstrated f o r  macrochannels b u i l t  up by 

earthworms ( E h l e r s ,  1975). The consequences of  restric- 

t e d  water  flow caused by t i l l a g e  may be seen from water  

c o n t e n t s  averaged from Apr i l  t o  August, which a r e  l i s t e d  

i n  Table 3  f o r  va r ious  l a y e r s  o f  t i l l e d  and u n t i l l e d  

so i l .  Water c o n t e n t s  were h igher  i n  t i l l a g e  depth o f  t h e  



Table  3  - Water conter i t s  averaged from A p r i l  t o  August 
i n  d i f f e r e n t  l a y e r s  o f  t i l l e d  and u n t i l l e d  s o i l  

t i l l e d  u n t i l l e d  
Layer  ( c m )  Water c o n t e n t  (weiqht  %) 

0-10 15.1 +7.0* 17.2 +6.2 - 
10-20 17.2 +5.8 16.3 54.4 
20-30 17.7 ;4-1 16-6 54.1 
30-40 17,7 - 73.2 17.3 53-8  - 

-- 

* Mean - + s t anda rd  d e v i a t i o n  
+ < ,  7 , A - ~ e d  p l o t  a s  compared t o  t h e  u n t i l l e d  p l o t  and l i m i t e d  

wa te r  f low caused t h e  h i g h e r  v a r i a t i o n  o f  wa te r  c o n t e n t s  

i n  t h e  t o p  l a y e r s  o f  t h e  t i l l e d  s o i l  ( E h l e r s ,  1976a). W e  

b e l i e v e  t h a t  l i m i t e d  water  up take  by roots i n  t h e  20-30 

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

t h a t  l aye r .  The s l i g h t l y  reduced p o r o s i t y  i n  connec t ion  

wi th  t h e  pore  d i s c o n t i n u i t y  might have caused  a e r a t i o n  

d e f i c i e n c y  on a  micro-scale due t o  h i g h e r  water  con ten t s .  

It seems t o  us t h a t  f o r  t h e  f i r s t  t i m e  water uptake  o f  

r o o t s  was shown t o  be  in f luenced  by a plow s o l e ,  even 

though i t  w a s  o n l y  a s  s l i g h t l y  manifested a s  i n  t h i s  ex- 

periment. 
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ABSTRACT: Reduced tillage can be beneficial to the semiarid regions 
where rainfall, wind, storm intensity and soil is highly variable. 
A reduced tillage system uses tillage to control weeds, conserve 
moisture, prepare the seedbed for rapid germination and development 
of the crop while protecting the soil from erosion. Fewer trips 
across the field means reduced energy, time and labor imputs with 
minimal reduction of vegetative residues and minimal soil compaction. 
Reducing tillage operations also rsually results in less runoff and 
evaporation which means more water for crop production. 

DISCUSSION: More than 50 percent of the earth's land surface is con- 
sidered to be in regions where annual precipitation is less than 50 
cm. In these regions, water is the major factor limiting crop pro- 
duction because rainfall is low in comparison to crop water demand. 
Dryland farming is the term generally applied to arable agriculture 
where irrigation water is not provided. A suitable system of land 
use management must enable production and provide means of control- 
ling water and wind erosion at an acceptable level. In many semiarid 
and arid regions, local topography is the result primarily of wind 
action. Windblown soils are commonly coarse textured and are very 
susceptible to erosion. Management directed at erosion control and 
moisture conservation is particularly important in these areas. In 
the semiarid and arid regions, the proportion of time devoted to crop- 
ping should be related to amount, effectiveness and reliability of 
moisture. Cultivation should be minimal and directed toward moisture 
and soil conservation and providing suitable conditions for seeding, 
germination and crop development. Developing satisfactory land use 
management practices is complicated by variations in climate and soils. 
Rainfall is variable within and between years and varies within small 
areas. Physical and chemical soil properties may also vary consider- 
ably in a relative small area. Land use management practices must 
stabilize crop production and soil erosion. A sound management sys- 
tem should have a stabilizing influence from year to year in spite of 
the variation in climatic and soil factors. Cropping practices may 
not take full advantage of favorable conditions but are necessary to 
adequately safeguard production during unfavorable conditions. 

The primary purpose of tillage is to control weeds, reduce wind 
and water erosion, increase moisture storage and nutrient release 
through fallow, and prepare a firm mellow seedbed. The energy re- 
quirement for plowing is high in relation to other methods of 
initial tillage. Each time a tillage operation is performed, moist 
soil is exposed and soil moisture is lost by evaporation. This soil 
moisture loss reduces the value of fallow. Reduction in surface 
vegetative cover leaves the soil more subject to wind and water ero- 
sion and lowers the infiltration rate. As wind erosion increases, 
pollution of the air by dust increases. As water erosion increases, 
the chances of sedimentation in lakes and streams increases. 

11:1 



A reduced tillage system uses tillage for the primary purpose of 
controlling weeds, conserving rYzter and preparing the seedbed for 
rapid germination while protecting the soil from erosion. Under- 
ground cutting tillage tools that do not expose moist soil may be 
used for weed control. Herbicides may be used for replacing all or 
part of the tillage operations. Weeds must be controiled in all 
phases of crop production to prevent further development of a source 
of weed seed. Several operations ray be combined into one operation 
to eliminate traffic over the soil. Many terms ere used for reduced 
tillage systems. They include cocservation tillage, minimum tillage, 
zero tillage, ecofallow, stubble mulch tillage, chemical fallow, till 
plant, stale seedbed, sod planting, disk and plant, chisel and plant, 
lister planting and slot planting--all of which involves reduced 
t~ ~dage. - 

Every system of tillage involves specific problems. Reduced til- 
lage allows more residues to be produced and. accumulate on the soil 
surface. Although residues are beneficial, the maintenance of resi- 
dues on the soil surface develops a physical problem effecting machine 
operations, especially planting. Tillage and seeding machines must 
have ample clearance to prevent clogging with residues. They must 
also develop sufficient agitation of the soil to control weeds while 
leaving a mulch on the soil surface. Placing seed firmly into moist 
soil without leaving residues over the row is frequently a problem 
with present planting equipment, especially with small grains. Resi- 
dues lower soil temperatures because of their insulating effect, in- 
creases reflection of radiant energy and reduction of surface evapora- 
tion (6). A wetter zone near the surface is usually encountered with 
residues on the soil surface. In medium to fine textured soils, the 
wetter condition makes weed control more difficult. However, under 
dry conditions, especially on the coarser textured soils, the wetter 
condition near the surface will be beneficial for planting and stand 
establishment. 

There is much evidence indicating that undisturbed soil is a 
satisfactory rooting zone. Root action, freezing and thawing, wetting 
and drying, tend to maintain favorable physical soil conditions. Com- 
paction caused by tillage implements constantly present problems in 
maintaining good soil physical condition. 

The requirements for effective conservation systems are evident 
from the principles of the wind erosion equatioa developed by Chepil 
and Woodruff (9). Vegetative residues on rhe land su:faco and a rough 
and cloddy soil surface reduce wind erosion. Fi.el.d widths along the 
prevailing wind direction need to be as short as possible and still 
permit reasonable efficient farming operations with machinery. The 
specific requirement for residue, cloddiness, roughness and field width 
vary depending not only on the influence of these variables on each 
other and their practicality, but also on the additional variable, 
climate. 

Woodruff and associates (8) have shown that the quantity, size, 
and orientation of vegetative residue covering the soil surface in- 
fluence the degree of wind erosion control. On an equal-weight basis, 
standing residues are more effective for wind erosion control than 
residues lying flat. As a general rule, to hold wind erosion to a tol- 
erable level of PO metric tonsj'na, about twice as much flattened resi- 
due is needed compared with standing residues. Fine-textured residiles 
produced by small grains are more effective than coarse residues pro- 
duced by sorghum (8). Coarse-textmed soils require more residue for 
soil protection than fine-textured soils. Approximately LO50 kg/ha of 
wheat residue is required to protect a silty soil and 2400 kg/ha for a 
loamy fine sand soil. 

l i : 2  



TILLAGE IMPLEMENTS: T i l l a g e  machines used f o r  s tubb le  mulching a r e  
of two types 1 2 5 :  (1) Those t h a t  s t i r  and mix t h e  s o i l  inc luding  
d i sks  (oneway d i s k ,  o f f s e t  d i s k  and tandem d i s k ) ,  c h i s e l  plows and 
mulch t r e a d e r s  and (2) Those t h a t  cu t  beneath t h e  su r face  without in- 
v e r t i n g  t h e  t i l l e d  l a y e r s  inc luding  sweep plows, rodweeders wi th  semi- 
c h i s e l s  and r o t a r y  rodweeders. 

STIRRING AND M I X I N G  IMPLEMENTS: 
Disk-type Implements: Disk-type implements have a gang of d i s k  b lades  
40 t o  65 cm i n  diameter,  spaced 20 t o  25 cm a p a r t .  They a r e  operated 
a t  an angle  t o  t h e  d i r e c t i o n  of t r a v e l  t o  g ive  a c u t t i n g  and tu rn ing  
a c t i o n  of t h e  s o i l .  The disk-type implement w i l l  bury from 30 t o  70 
percent  of t h e  r e s idue  on each t r i p  ac ross  t h e  f i e l d ,  depending on 
t h e  d i s k  type  and how i t  i s  operated.  Increas ing  s i z e ,  concavity and 
s p a c i n g o f  d i s k s  and depth of opera t ion  a l l  i nc rease  t h e  amount of 
r e s idue  bur ied  on each operat ion.  The disk-type implements g ive  good 
c o n t r o l  of weeds. They a l s o  can be used t o  reduce extremely heavy 
r e s idues  when necessary. 

Chise l  Plows: Chise l  plows a r e  heavy t o o l  c a r r i e r s  w i th  high c lear -  
ance shanks spaced 30 cm a p a r t ,  equipped wi th  5 cm c h i s e l s  o r  up t o  
46 cm shovel  sweeps. The purpose of t h e  c h i s e l  plow i s  t o  k i l l  weeds 
by p a r t i a l l y  i n v e r t i n g  t h e  s o i l  and seve r ing  t h e  weed roo t s .  Chise l  
plows a l s o  loosen t h e  s o i l  and l eave  t h e  su r face  rough with r e s idues  
f o r  e ros ion  cont ro l .  The percentage of r e s idue  r e t a ined  on t h e  s o i l  
su r face  wi th  t h e  c h i s e i  gene ra l ly  decreases wi th  increased  amount of 
r e s idues  bu t  i nc reases  wi th  g r e a t e r  he ight  of s tubble .  For more 
e f f e c t i v e  weed con t ro l ,  a r o t a r y  rod can be  used behind t h e  l a s t  row 
of shanks. The rod can be  ground, hydraul ic  o r  power take-off 
dr iven.  

Mulch Treaders: Mulch t r e a d e r s  a r e  a gang of  wheels with curved 
t e e t h  o r  curved c h i s e l s  protruding.  The wheels a r e  40 t o  50 cm i n  
diameter ,  spaced:20 t o  25 cm a p a r t .  They can be operated i n  tandem 
and a t  a s l i g h t  angle t o  t h e  d i r e c t i o n  of t r a v e l .  Mulch t r e a d e r s  a r e  
used a s  secondary t i l l a g e  t o o l  t o  improve weed con t ro l ,  e s p e c i a l l y  
when shallow-rooted weeds a r e  present .  

SUBSURFACE IMeLEMENTS: 
Sweep Plows: Sweep plows a r e  usua l ly  equipped wi th  75 cm o r  l a r g e r  
sweeps. Large sweeps a r e  o f t e n  r e f e r r e d  t o  a s  a V-blade. Sweeps 
range from 150 t o  180 cm i n  width. The b lade  width of t h e  sweep 
ranges from 15  t o  30 cm wi th  about a 37-degree p i t c h  f o r  s o i l  l i f t .  
The angle  of a V-blade ranges from 60 t o  100 degrees. The wide angle  
sweep pene t r a t e s  t h e  s o i l  b e t t e r ,  bu t  shedding of weed r o o t s  and res-  
idues  i s  f r equen t ly  a problem n e c e s s i t a t i n g  l e s s  angle.  The sweeps 
a r e  mounted on a heavy t o o l  c a r r i e r  wi th  s tandards  having a t  l e a s t  75 
cm c learance  between t h e  bottom of t h e  b lade  and frame of machine f o r  
r e s idue  clearance.  I f  widths of more than 360 cm a r e  needed, they 
a r e  f r equen t ly  designed t o  have each sweep f l e x i b l e  from t h e  o the r s  
f o r  uniform t i l l a g e .  To prevent  clogging of s tandards  i n  heavy r e s i -  
dues, r o l l i n g  c o u l t e r s  of a t  l e a s t  50 cm i n  diameter a r e  a necess i ty .  
The major disadvantage of t h e  underground t i l l a g e  t o o l s  i s  l a c k  of 
weed con t ro l ,  e s p e c i a l l y  when grassy weeds a r e  present  under moist 
condit ions.  V-sweep plows can be used f o r  most of t h e  t i l l a g e  
opera t ions  during fal low. Usually t h e  l a s t  t i l l a g e  opera t ion  p r i o r  
t o  seeding i s  done wi th  a r o t a r y  rodweeder. 

Rodweeder: The r o t a r y  rodweeder is a machine equipped wi th  a rod 



2.5 cm square that operates under the surface of the ground. The usual 
depth of operation is 5 to 7 cm below the soil surface. The rod ro- 
tates backwards to the direction of travel for trash clearance. A 
shank holds the rod in the ground. The rod is driven either with a 
ground wheel, power take off or hydraulic motor. It is an excellent 
secondary tillage tool to firm the soil and control small weeds, es- 
pecially prior to seeding the crop. Rodweeders reduce the residue 5 
to 10 percent for each tillage operation. Rodweeders can be equipped 
with a row of semi-chisels mounted directly above the rod. The semi- 
chisels are designed to penetrate firm ground. 

SELECTING TILLAGE TOOLS: (3, 7) No one set of tillage tools is best 
for all conditions. The Icind, quantity and quality of residues, num- 
ber, kind and size of weeds present, moisture conditions, soil texture, 
length of fallow and time of operation should be considered when se- 
lecting tillage tools. Speed and depth of operation, width of equip- 
ment, concavity of disks and width, pitch and angle sweep blades are 
all factors in residue retention and weed control. Height and length 
of stubble and positioning or orientation of residue also influence 
the amount of residue buried. 

TIL,LAGE SEQUENCE: Combinations of sweeps, disks, and rodweeders will 
be needed for particular situations. Choice of machines and sequenc- 
ing is based on the amount of plant residue present at the beginning 
of fallow, the amount of residue needed at seeding time, and the weed 
situation. If residues aftsr harvest are light (less than 2,300 kg/ha) 
sweep machines or rodweeders with semi-chisels should be used for all 
tillage operations except the last one, which should be done with 
plain rotary rodweeder. If the residues are medium (2,300 to 4,603 
kg!ha), the oneway, tandem or offset disks can be used as a first op- 
eration, followed by subsurface tillage equipment such as a sweep, or 
a rodweeder with semi-chisels. The last operations should be with a 
plain rotary rodweeder for seedbed firming and rdeeci control. If resi- 
dues are extremely heay (4,600 to 6,800 kg/ha), the disk-type imple- 
ments are best used for several operations, followed by chisel or 
sweep and finally, the rodweeder. Disk-type equipmen: has an advan- 
tage in a wet spring, when grassy weeds such as downy brome (Bromus 
tectorun L.) and volunteer wheat are a problem. 

M~ximum moisture storage efficiency and residue maintenance should 
always be considered when contemplating a tillage operation. Weeds 
must be controlled fo conserve moisture. Tillage is advisable when 
weeds are consuming more moisture from the soil than would be lost 
with a tillage operation. If there are only a few weeds in the 
stubble at wheat harvest, the stubble is usually left until spring. 
If weeds are present in sufficient quantity to utilize moisture or 
will set seed, tillage should be performed soon after harvest. The 
annual bromegrasses such as downy brome in the spring of the year must 
be controlled before they set seed. Soil must be in a tillable con- 
dition to control weeds. Poor weed control will result.and tillage 
layers may develop in the soil if tilled when too wet. The same gen- 
eral tillage tools described for fallow can be used for seedbed 
preparation for continuous cropping. Prior to planting, a firm mel- 
low seedbed needs to be developed that is weed free and has sufficient 
moisture to germinate the crop. 

ECOFALLOW (CBEMICAL FALLOW): (4) Ecofallow is a system of controlling 
weeds and conserving soil moisture in a crop rotation with a minimus 
disturbance of crop residue and soil. Weed control is obtained with 
herbicides or the combination of herbicides and subsurface tillage 



operations on fallow land. Each time a tillage operation is perform- 
ed, moisture is lost due to the tillage action on the soil. Pro- 
tective cover of residues on the land for soil protection is easier 
to maintain with no tillage or limited tillage operations. Each time 
the land is crossed with equipment, residues are flattened or incor- 
porated into the soil. 

Certain problem weeds such as downy brome and volunteer wheat 
would be easier to control with correct herbicides. Downy brome and 
volunteer wheat begin growth late in the fail or early spring and 
downy brome sets seed during the first part of May. When the spring 
season is late or wet, it is difficult to control grass weeds before 
they set seed, especially with stubble-mulch tillage equipment. Re- 
ducing the number of tillage operations not only reduces energy re- 
quirements but may also improve the physical condition of the soil. 

Recent studies indicate that where adequate weed control is ob- 
tained with herbicides, sloisture conservation and crop yields are as 
good or better than conventional fallow methods. 

The success of ecofallow will depend upon the development of a 
herbicide which will work under variable climatic conditions. The 
herbicide will need to be effective for a definite period of time, 
then break down rapidly so as not to interfere with future crop pro- 
duction. A preemergence herbicide that will remain active for 3 to 
4 months, then disintegrate rapidly, will he satisfactory for spring 
application on fallow land. Herbicides which remain effective for 
more than four months, but not to exceed 10 months, would be desir- 
able for fall application on fallow land. Preemergence herbicides 
will also need to have sufficient latitude to allow for error in appli- 
cation, overlapping of material during application and suitable over a 
wide range of soil types. An economical contact herbicide that would 
replace a tillage operation or could be used to kill existing weeds at 
time of application of a preemergence herbicide is needed. The herhi- 
cides must control a wide range of grass and broadleaf weeds without 
injury to the crop. Ecofallow is in the experimental stage and not 
widely used. Further development will fulfill many of the objectives 
of stubble-mulch fallow. 

SEEDING EQUIPMENT: Proper seeding equipment is essential for planting 
in residues. Seed must he placed firmly in moist soil with 2 to 5 cm 
of soil cover and with adequate protection from wid erosion. Seeding 
equipment should preserve as much residue as possible and securely 
anchor the residues in the ridges, leaving a rough, cloddy surface. 
Deep-furrow drills, equipped with hoe or shoe openers, are the most 
satisfactory drills for seeding close sown crops in soil with moderate 
amount of residue on the soil surface (3,400 kg/ha or less). Seeding 
in the soil under heavy residues, with and without tillage, requires 
planters which will place the seed into moist soil without clogging or 
placing residues over the newly seeded crop. To seed in heavy resi- 
dues, with or without tillage, requires cutting through the residues. 
The seeding equipment must have sufficient clearance between the 
openers, press wheels, and rolling coulters to prevent clogging and 
bunching of residues. Residues must be cut cleanly to prevent clog- 
ging and to leave an area over the newly seeded row free of residues. 
Seed must be placed firmly into moist soil for rapid germination ar.d 
seedling development. 



SUMNARY: Reduced tillage hzs the greatest potential benefits in the 
semiarid regions where rainfall, wind, intensity of storms and soil 
are highly variable. Crops grown in semiarid regions without supple- 
mental water are usually low value crops. Fewer trips across the 
field means reduced energy, time and labor imputs--all of which adds 
to the cost of production. Redxed tillage operations due to less 
tillage action or fewer trips across the field will result in less re- 
duction of vegetative residues and soil compaction. Good soil struc- 
ture and vegetative residues are important to reduce runoff and sedi- 
mentation from crop land--also a greater reduction in wind erosion 
which means soil loss and air pollution. Frequently tillage practices 
are needed on bare fields tc break the surface crust to control wind 
erosion. Effective use of herbicides could result in reduced tillage 
and losses due to weeds. Reducing tillage operations usually result 
in less runoff and less evaporation which means more water in the soil 
profile for crop production. Reducing tillage operations, storing 
more soil water an4 red~cing erosion will result in higher yields and 
lower unit cost of production. 
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The ef fec t  of s o i l  s t ruc ture  on d i r ec t  d r i l l ed  crops i n  the  U.K was 
surveyed in 150 f i e l d s  over a two year period. Successfully d i r ec t  
d r i l l e d  s o i l s  had many large pores (>low diameter). Low porosity 
in s o i l  surfaces was produced by smearing, slaking, compaction and 
t rash,  t h i s  caused poor gemination and emergence. Overcompadion 
lower down i n  the s o i l  p ro f i l e  caused drainage and/or rooting problems. 
Many s o i l  types under continuous d i r ec t  d r i l l i n g  maintained adequate 
porosity fo r  a t  l e a s t  5-10 years. Increasing the d i r ec t  d r i l l e d  
acreage w i l l  involve teaching fanners t o  carry out visual assessments 
of s o i l  porosity and t o  correct  any s o i l  problems before d i r ec t  
d r i l l ing .  

INTRODUCTION 

The success of crops sown by d i r ec t  d r i l l i n g  (zero t i l l a g e )  depends 
on the  physical conditions of the  soil .  During the l a s t  t en  years 
I C I  has developed guidelines on the physical conditions required f o r  
sa t i s fac tory  d i r ec t  d r i l l e d  crops (1). These a r e  used by farmers 
and contractors; thus they have been based on visual assessment of 
s o i l  s t ructure  plus a knowledge of its drainage characterist ics.  
Detailed measurements of a wide rh?ge of physical properties can aid  
our understanding of t he  re la t ionship between crop yield  and s o i l  
physical properties. However, they +re too slow ( s o i l  physical 
properties can change rapidly i n  the  f i e l d )  and expensive f o r  general 
use by farmers who have t o  make an 'on the spot'  decision a s  t o  the  
s u i t a b i l i t y  of s o i l s  f o r  d i r ec t  d r i l l ing .  

This paper discusses the  r e su l t s  obtained from a survey of the  
re la t ionship between s o i l  s t ruc ture  and crop success i n  150 d i r ec t  
d r i l l e d  f ie lds .  It a l so  discusses the  advantages and disadvantages 
of continuous d i r ec t  d r i l l i n g  on d i f fe ren t  textured soi ls .  

S i t e s  and Crops Studied 

Between December 1973 and May 1975, 153 d i r e c t  d r i l l ed  f i e l d s  were 
v i s i ted  a t  76 d i f f e r en t  s i t es .  Their d i s t r ibu t ion  was representative 
of the d i r e c t  d r i l l i n g  acreage i n  England and Wales. On 20 s i t e s  
a ploughed comparison was looked a t  which was e i t he r  pa r t  of o r  
adjacent t o  the  d i r ec t  d r i l l e d  f ie ld .  Fifteen s i t e s  were yield 
t r i a l s  and 11 had a t  l e a s t  two rep l ica tes  of each treatment. The 
crops being grown a re  shown below; a high proportion of f i e l d s  were 
d i r ec t  d r i l l ed  small grain  cereals (45%) and/or winter crops (54%) 



TAi3LE 1 Crops being grown on assessed soi ls .  (Total of 153 f i e lds )  

Methods of s o i l  s t ructure assessment 

The top 20-25an of s o i l  i n  a l l  f i e lds  was examined with a spade as 
described by Peerlkamp (3) but without any s t ructural  'scoring'. 
Soi l  was brought t o  the surface and each s p i t  was assessed f o r  overall  
s t ructure and porosity. Aggregates were then separated by hand and 
examined f o r  pores greater  than 10% diameter which are jus t  v is ib le  
t o  the  naked eye. About f i v e  o r  s i x  sp i t fu l s  of s o i l  were taken a t  
random from each f i e l d  and where variations i n  crop growth existed, 
samples of these were compared simultaneously. Excessively compacted 
s o i l s  from headlands and gateways were also examined. A l l  s o i l  s p i t s  
were photographed, hand textured, and samples taken f o r  laboratory 
analysis. An auger was used t o  sample subsoils f o r  texture deter- 
mination but i n  cases where a reason fo r  poor crop growth was not 
found in the  surface a deeper s o i l  p i t  was dug. The s o i l  p rof i le  
was considered in two parts;  f i r s t l y ,  the silrface 5an of s o i l  which 
af fec ts  the  d r i l l i ng  operation, germination, and early g r o m  and 
secondly, the s o i l  conditions deeper i n  the  s o i l  profile. 

Crop 

winter wheat 
winter barley 
spring wheat 
spring barley 
winter oats  
winter oilseed rape 
forage main crops 
maize, kale, turnips 
not ye t  dr i l led  

1. CONDITIONS IX THE SOIL SURFACE 

So i l s  were c lass i f ied  by hand-texturing and by mechanical analysis 
using the system i n  the booklet 'Cereals without ploughing' (2). 
About 43% of s o i l s  were Heavy s o i l s  - Group 1; 26% were Medium 
s o i l s  - Group 2; and 3% w e r e  Light s o i l s  - Group 3. About 30% 
of f i e lds  were in the 'winter crops on heavy land' category. 

Weather Conditions - 
Weather conditions during the two seasons were extremely contrasting. 
Autumn 1973 was the  fourth dry one in a row; Spring 1974 was d r i e r  
and colder than average; Autumn 1974 was abnormally wet creating 
problems f o r  autumn cultivation; Spring 1975 was a l so  very w e t  and 
late.  

% of t o t a l  

34 
8 
8 

15 
3 
8'5 

11 
12'5 

No. of f i e lds  vis i ted 

52 
12 
12 
23 
5 

13 

17 
19 

The first objective with d i r ec t  d r i l l i ng  is  correct seed placement 
and good contact with firm but porous soil .  Surfaces with gmd crumb 
structures a re  ideal because a s  the  t i n e  o r  disc  runs through the 
surface, s o i l  can flow back over the  seed. Such a condicAon is  
generated i n  most seasons by f ros t s  and wetting/drying cycles. 

I 

Less than ideal  d r i l l i ng  conditions were caused by the s o i l  being too 
wet o r  too compacted i n  the  surface; use of the Bettinson 3-9 t r i p l e  
disc  d r i l l  here resulted i n  an open slot.  I n  w e t  conditions the s l o t  
was open because of smearing by the  rear  double discs. I n  some cases 
t h i s  had no ef fec t  on the crop as i n  Diag.l(+) where s o i l  immediately 
below the s l o t  is reasonably porous. Here chain harrowing behind 



the  d r i l l  t o  break up s l o t s  and drag s o i l  over the  seeds was very 
effective. I n  a severely smeared s l o t  (Diag.l(b) such as was often 
seer  on heavy s o i l  types during the  wet autumn of 1974, the  effect  on 
emergence was severe. Seminal root  growth i n t o  the lower s o i l  was 
r e s t r i c t ed  by the  smeared s l o t  bottom and drainage out  of the  s l o t  was 
slow. On s o i l s  which were wet and compacted i n  the  surface water 
sometimes drained from areas between the s l o t s  i n t o  the s l o t s  them- 
selves. The significance of a loose surface 2an of s o i l  l ay  in i t s  
a b i l i t y  t o  a s s i s t  the drainage of excess water from the  immediate 
v i c in i ty  of the  seed. Even s o i l s  with some subsurface compaction 
maintained a good stand of winter wheat over t h e  exceptionally wet 
74/75 winter provided t h i s  loose surface layer  was present. This 
has increased the  in t e re s t  in tine-based d i r ec t  d r i l l s  which create  
more surface disturbance and may give be t t e r  r e su l t s  with winter wheat 
i n  a wet season. Tdlerance t o  smeared s l o t s  a l so  varied with cmp; 
wheat was reasonably k l e r a n t  while oilseed rape was adversely 
affected more often. 

Slaking, the  collapse of s o i l  s t ructure  due t o  the impact of heavy 
r a in  was not a problem which affected d i r e c t  d r i l l e d  crops presumably 
because of s o i l  s t ab i l i s a t ion  by the  previous crop. Crop f a i l u r e  
pa r t i a l ly  due t o  slaking was seen on only tw unstable so i l s ;  t h i s  
was accentuated by surface and subsurface compaction. A s  with 
smearing, slaking cut dobn t'ne porosity of the s o i l  around the  seed 

hence poor drainage became a p~oblem. I n  no case did slaking 
and consequent surface 'capping' a:Lone prevent seedling emergence. 

Excessive t rash  on the s o i l  surface sometimes caused disappointing 
r e su l t s  with d i r ec t  d r i l l i n g  i n  t h e  UK. This is due t o  pests  such 
as  slugs, and a l so  t o  toxic  extracts  from straw. Another cause is 
the mxlching ef fec t  of t rash  which prevents weathering of t h e  s o i l  
surface and development of a good crumb structure. It was noticed 
t h a t  when farmers were waiting fo r  the so i l  t o  dry out before d r i l l i ng ,  
the s o i l  beneath ' l a id '  straw and even between lona standinc straw was 
l e s s  f r iab le ,  wetter and more p l a s t i c  than s o i l  i n  trash-free areas. 

Many s o i l  surfaces can be eas i ly  ameliorated t o  qive improved resu l t s  
with d i rec t  d r i l l ing .  For exampl~ ro l l ing  a f t e r  sprinq and summer 
d r i l l i ng  of kale, swedes. and turnips can have a beneficial  e f fec t  on 
emergence. Not only wi l l  t h i s  close the s l o t  and prevent moisture 
loss ,  but it a lso  f i l l s  s l o t s  with crumbs and granules. Another 
widely and successfully used implement i s  the chain harrow which mini- 
mises surface disturbance but increases the coverage of the seed w i t h  
soi l .  I n  marginal s o i i  conditions, f o r  example when the top 5an of 



s o i l  have been compacted by harvestira,  it nxf be preferable t o  use a 
straight-t ine harrow, o r  a spring-tine culC&vator t o  d is turb  s o i l  t o  
t h i s  depth t o  a r t i f i c i a l l y  provide a su i tab ls  surface. Straight  t i nes  
have been used successfully before spring barley on heevy s o i l s  where 
it was necessary t o  provide s o i l  crumbs on the  surface but t o  leave 
larger  aggregates buried. Spring t i n e  cul t ivators  which have the 
opposite e f f ec t  may however be preferable on more unstable s o i l s  where 
slaking could occur i f  the surface aggregates were too fine. Some 
d i r ec t  d r i l l s  used i n  the UK, i n  par t icu lar  the International 511 
d r i l l ,  have spring-tines a s  s o i l  openers. 

2. CONDITIONS I N  T:G SOIL PROFILE 

It was found t h a t  although farmers an6 contractors recognised the 
surface conditions best  suited t o  d i r ec t  d r i l l i ng  and t h e  need f o r  
harrowing o r  rol l ing,  they paid l e s s  heed t o  underlying s o i l  con- 
di t ions,  such as  com~action. Typical symptoms of compaction were bad 
drainage o r  crops which emerged sa t i s f ac to r i ly  but l a t e r  declined i n  
vigour. Layers of compacted s o i l  in the p ro f i l e  res t r ic ted  drainage 
and root  growth because of the scarc i ty  of large pores. Winter crops 
died back through wa.terlogging, and spring and summer d r i l l ed  crops 
f a i l ed  t o  put down eeugh  roots t o  the  subsoil t o  ensure adequate 
water supply. Plant roots responded t o  overcompaction by becoming 
generally thickenee and stunted with extensive l a t e r a l  roqt  growth. 

Good natural  o r  a r t i f i c i a l  drainage indicates t h a t  a s o i l  has enough 
large pores f o r  adequate root growth. One exception, however, is 
coarse sandy s o i l  types with low organic matter. These s o i l s  a r e  
unstable and tend t o  'close pack'. When t h i s  occurs the  remaining 
pores a r e  still large enough fo r  f r ee  drainage; 69r diameter is the 
approximzte lMt for  the  movement of water under gravi ty  (4). How 
ever these pores a r e  too small f o r  growth of cexeal roots (5) .  Hence 
seedlings from d i r ec t  d r i l l ed  spring cereals,  which have limited 
penetrating power, a r e  unable t o  push t h e i r  way through a s o i l  which 
is drying ard hardening. Winter cereals establishing when the s o i l  
i s  moister and so f t e r  have been much more s u c c ~ ~ s s f u i  on these soi ls .  

Other unstable s o i l s  such a s  f i n e  sands and silts may be affected by 
natural s e t t l i n g  over the  winter period giving rise to a massive 
condition. Yields may -be affected i n  the  f i r s t  year of d i r ec t  
d r i l l i ng  and more so i n  tine second. 

Remedies f o r  more deep-seated s o i l  problems which should be carried 
out before d i r e c t  d r i l l i ng  should be based or, the  r u l e  'Do no more 
cul t ivat ion than is necessary'. A s  with ploughizg, moledrainers and 
subsoilers can be used t o  r ec t i fy  s o i l  problems. The indication is 
tha t  the  need fo r  these may &crease with continuous d i r e c t  d r i l l i ng  
once t h e  problems created by the  ploucjh have biten overcome. Sxcessive 
loosening of the s o i l  by c ~ l t i v a t o r s  before d i r e c t  d r i l l i ng  is 

I f  tine natural  s t ructure  of the  s o i l  can be retained, 
a s  with moling o r  subsoiling, then the  inherent s+xeng.th of t h e  s o i l  
makes it l e s s  l i ke ly  t o  compact under the  d r i l l ,  f e r t i l i z e r ,  o r  
herbicide applications o r  hsrvesting. Soil  disturbance i s  excessive 
when &ise l  t ines  o r  heavy f l ex i t i nes  a r e  used and should be avoided 
except i n  severely compacted soi l .  The problem of how to achieve a 
good sha t te r  i n  the 0-20an horizon where compaction can occur under 
d i r ec t  d r i l l ing ,  yet  leave an even surface is of great  current 
in te res t .  If t h i s  can be achievel many potential  acres on poorly 
structured s o i l s  would be open t o  continuous d i r ec t  d r i l l i n g  with 
possible benefits  i n  s o i l  s t ructure  imprsvement. 



CMGES I N  SOIL STRUCPURE UNDER CONTINUOUS DIRECT DRILLJXG 

Three character is t ics  existed i n  s o i l s  which had been d i r ec t  d r i l l ed  
fo r  up t o  ten years. These were; a gradation i n  colour down the 
prof i le ,  the  darkest s o i l  being on top; an act ive earthworm population; 
and a modified s o i l  structure. The colour changes were due t o  differ-  
ences in s o i l  organic matter added t o  the  surface i n  t h e  form of plant 
debris and ash from burning. 

TABLE 2. Percentage organic matter prof i les  i n  a range of soils.  

Soil  Calcareous Calcareous Loam S i l t y  clay 
texture loamy clay Loam 

sand loam 

No of years 10 10 6, kale,barley, 3 
d i r e c t  d r i l l ed  cereals  cereals grass rotat ion cereals 

0-2'5 an 4.6 2.8 6 -7  2.7 
2-5-5 an 4.1 2-5 6-5  2 -4  
5-10 am 3- 7 2-3 5.1 2-7 
10-15 an 3'7 2'2 4'4 2 '1 
15-20 an 3'4 2-3 3'5 

This colour e f fec t  was not pronounced i n  very dark chalky organic 
s o i l s  o r  on some heavy s o i l s  with only two o r  three years of d i r ec t  
dr i l l ing.  It has been reported t h a t  prof i les  of s o i l  organic matter 
can be reflected in aggregate s t a b i l i t y  by wet sieving (7). During 
t h i s  investigation such a correlat ion has not generally been found. 

I n  d i r ec t  d r i l l e d  s o i l s  the  earthworm population appeared t o  be high; 
up t o  f ive  times the nunber i n  cult ivated p lo ts  on the  same s o i l  have 
been reported ( 8 ) .  Their ac t iv i ty  was responsible f o r  much of the  
large pore space with burrows up t o  5 mm i n  diameter. These were 
darkened suggesting t h a t  earthworms were also redis t r ibut ing organic 
matter i n  the  soi l .  Earthworm charnels contributed t o  drainage of 
d i r e c t  d r i l l ed  s o i l s  and some farmers claimed t h a t  previously water- 
logoed f i e l d s  have been drained by t h i s  feature. Other benefits  have 
been the use of burrows a s  root  channels and improvement of surface 
t i l t h  by castinq species. 

The changes i n  s t ructure  associated with long tern d i r ec t  d r i l l i n g  
were more evident on clay s o i l s  than l i gh te r  limestone, chalky o r  
organic types. Clay s o i l s  tended t o  develop an apparently 'massive' 
structure, t h a t  is ,  the s o i l  p ro f i l e  was uniform with few individual 
s o i l  aggregates; these f i t t e d  together t i gh t ly  with l i t t le  loose s o i l  
between them. Tinat i s ,  below about 3 an the  s t ructure  possessed many 
of tine a t t r i h t e s  of c lay subsoils. However, a closer inspection often 
revealed t h a t  the 3-20 an soi l layer .  +Foucrh a ~ p a r e n t l y  massive, was 
r ea l ly  very porous. The extent cf the complex interconnecting pore 
system of earthworm burrows, old root chuuiels, f i s sures  and cradcs 
could only be seen by breaking t h e  s o i l  open by hand. As well a s  
beina porous such s o i l s  were also mechanically strong. The surface 
1-3 an of s o i l  usually had a s tab le  crumb o r  granular s t ructure ,  ideal 
fo r  fur ther  d i r ec t  d r i l l ing .  This type of modified s o i l  s t ructure  was 
comon on heaxy d a y s ,  s i l t y  c lay loans a f t e r  about three years d i r ec t  
d r i l l i ng ,  it was par t icular ly  charac te r i s t ic  of calcareous heavy s o i l s  
such a s  chalky boulder clays. It was aiso evident on l i gh te r  s o i l s  
with reasonable organic matter levels  ( >  2%) such as  Old Red Sandstone, 
East Anglian ' s k i r t '  s o i l s  and sone loams. Other s o i l s  which were 
poorly structured f o r  example coarse sands, f i ne  sands and silts often 
aave poorer r e su l t s  i n  the sec0r.d year of d i r ec t  d r i l l i ng  and were 



~ l o u n h e d  up. Because of t h i s  the  long t e r n  s f f c c t s  of d i r e c t  d r i l l i n c j  
could not  be evaluate6 or. s o i l s  which d id  not have an i n i t i a l l y  porous 
s t ruc tu re .  

Ir. t h i  long t e r n  success iwith d i r e c t  d r i l l i n ?  depends on 'Tactors such 
a s  s o i l  s t r sng th ,  s t a b i l i t y  of aggregates i n  wet weather, crecking i n  
t h e  summer and f r o s t  heave i n  t h e  winter ,  and a l s o  on b io log ica l  
f a c t o r s  such a s  qood roo t  growth and 8n a c t i v e  earthworm population. 
p .,&e - f a c t o r s  a r e  v i t a l  i 5  enough l a r g e  pores a r e  t o  be maintained 
w'en t h e  s o i l  i s  sub jec t  t o  compaction dur ins  cra- ing ,  harves t inq ,  
ar.d s e t t l i r ; . ~  under s r av i ty .  Visual assessments of s o i l  s t r x t u r e  a r e  
%ore s i g n i f i c a n t  than ~ h y s i c a l  measure~en t s  when considering s o i l s  f o r  
d i r e c t  d r i l l i n g .  It is of prime importance f o r  f a m e r s  t o  accpain t  
themselves with t h e  s t r u c t u r e  and d roper ties o f  s o i l s  and t o  t h i r k  
more c l o s e l y  about t h e  way t h a t  d i r e c t  d r i l l i n g  and mininum c u l t i v a t i o n  
techniquts  can be used advantageously. 
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The climate in Denmark  is humid, and the s o i l  types are  sand or 
sandy loam. About 50 per cent of the  t o t a l  agr icul tural  land is 
grown w i t h  spring sown barley. Ti l lage experiments show, that it 
in several  cases i s  possible t o  reduce the  nmbers of operations 
in autumn and spring. 

F ie ld  experiments w i t h  rotavating and hafiowing t o  a maximum 
depth of l o  cm have given a reduction in y ie ld  of 1.6-2.3 hkg bar- 
l e y  per hectare compared w i t h  ploughjng t o  20 cm depth on sandy 
loam. In resent ly  s t a r t ed  experiments the  problemwith ploughless 
farming i s  cornbinated w i t h  d d k i n g  of s t r a w  and use of green 
manure. 

TNTRODUCTION 

So i l  t i l l a g e  is mainly based on t rad i t ions  and experiences by the 
fanners, and tillage systems are  d i f f i c u l t  t o  change. So i l  tilla- 
ges have t o  be adjusted t o  the climate, the s o i l  type and the  
crop. About 50 per cent of the  s o i l s  in Denmark a re  sandy s o i l s  
and 50 per cent a r e  morain sandy loam. 

The climate is  temperated and humid. The mean annual tempera- 
t u r e  i s  7.8' C ,  the  mean annual precipi ta t ion i s  662 nnn and the  
actual  evapotranspiration is  400 mm in the period April-November. 
The sowing n o d l y  is carr ied out i n  A p r i l ,  and the grawing sea- 
son is  about 6 months, May-Nwember. In some years the  precipita- 
t i on  in the growing season is  insuf f ic ien t  f o r  optimal. plant  
growth.  In the  months December-March the  s o i l  i s  frozen f o r  peri- 
ods, and the precipitat ion falls as snow. In spring the s o i l  nor- 
mally is  saturated t o  f i e l d  capacity. 

A crop ro ta t ion  w i t h  grain, grass and fodder beets  in former 
times was  usual  in connection w i t h  mixed farming w i t h  c a t t l e  and 
pigs. The growing of spring sown barley has rapidly increased, 
and 1.4 mio. hectare o r  50 per cent of the t o t a l  agr icu l tu ra l  
land in Denmark in 1975 a r e  grown with spring sawn barley. 

One of the  m a i n  problems of s o i l  t i l l a g e  in Denmark is  haw t o  
grow barley. 

mmPOSE 

In s o i l  t i l l a g e  we have in view: 
1. t o  make weed control  and t o  mulch t he  stubble 
2. t o  change and t o  imprwe the  s o i l  s t ruc ture  and t o  make a good 

seedbed f o r  germination of the grain. 

In D a n i s h  fanning the i n t e r e s t  f o r  reduced t i l l a g e  is increased. 
One reason is t o  reduce the  costs in plant  growing, and a second 
reason i s  t o  get  a b e t t e r  s o i l  s t ructure  and preserve the organic 
matter. The requirement is,that crop y ie ld  must  not decrease, and 
the  var ia t ion  in the y i e ld  from year t o  year must  be small. 

Reducing the t i l l a g e  may take place in two ways: 
1. Reducing the  nmbers of operations. 
?. T i l l i n g  t o  a l e s s e r  dep?h. 
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Stubble treatments n o d l y  are carried out w i t h  shallm plough- 
ing or harrowing t o  10-15 cm depth af ter  harvest i n  August. 
Harrowings are repeated 2-3 times in the auttzm. The purpose is  
weedcontrol, mainly coach grass and mixing the stubble. 

In October-November nearly a l l  areas are ploughed by means of 
mouldboard plough to  20-25 cm depth. Seedbed preparation is car- 
r ied out in A p r i l  by harrawing 2-4 times t o  a depth of 5-10 cm. 
Sowing is carried art by drillmachine. By experiences the farmers 
h o w  how t o  use the different implements, and under which condi- 
tions they can be used. 

Changes t o  other systems or new implements r i ze  problems t o  
give the r ight  instructions in the use. 

EXPEKlXEKE ON REDUCED iXiEER2 OF OPERATIONS 

In f ie ld  experiments on different f- stubble treatments have 
been compared w i t h  plots without stubble treatments. The s o i l  is 
ploughed in October-November. Some resul ts  are shown in table 1 
and 2. 

Table 1 Stubble treatment (32 exp.) 

Yield Caracter per cent 
hkg barley (0-10) for ophiobolus 
per hectare coach grass graminis 

Untreated 38-7 4-3 8 
Stubble treatment 39.5 2-5 9 

Table 2 Coach grass control (59 exp.) 

Yield 
hkg barley Relative Coach grass 
per hectare shoots per m 

Untreated 32-5 loo 119 
Stubble treatment 37-9 116 43 
chemical 39.6 1.21 30 

The conclusion of these experiments is ,  that stubble treatment is  
llnnecessary except on areas w i t h  coach grass. On many areas the 
expenses f o r  stubble treatment can't be saved. 

In table 3 the resul ts  of experiments w i t h  seedbed preparation 
f o r  barley are sham. 

Table 3 Seedbedpreparation 

Yield Depth of Porosity 
hkg per Relative treat- per 
hectare ments,cm cent 

Sandy s o i l  (12 exp.) ---- 
2 s h a l l o w  harrowing~ 36.4 loo 4-7 - 49 
2 deep 35-0 96 9-5 51 
2 deep + 2 s h a l l o w  - 36-5 loo 8.8 50 

Sandy loam s o i l  (19 exp.) ------- 
3 shallow harrowing~ 45.6 loo 5-5 46 
3 deep - 45.1 99 13.3 52 
3 deep + 3 shallow - 45.2 99 8.6 49 



Seedbedpreparation by 2-3 times of harrowing t o  4-6 cm depth has 
given the highest y ie ld  and the best  resu l t .  Several times of har- 
rowing and harrowing t o  grea te r  depths have no effect  and is un- 
necessary. 

PIDUGHLESS GROWSNG O F  BARLEY 

Reduced depth of t i l l i n g  is  not  possible by use of the plough.It, 
requires new types of implements and new experiences how t o  use 
them. In Danish experiments the  rotavator i s  used. In tab le  4 the 
t r ad i t i one l  t i l l a g e  w i t h  ploughing t o  20 cm i s  compared w i t h  ro- 
t m a t i n g  t o  l o  cm depth. On an average of 3 years the ploughless 
treatment has given a reduction in y ie ld  of 1600 kg barley grain 
per hectare. 

Table 4 PlougkLng and r o t m a t i n g  (20 exp.) 

Yield 
Wrg barley Relative 
per hectare 

Stubble treatment, ploughing 20 ca, 38.0 loo 
Seedbedpreparation 

Rotavator 3 times, max. l o  cm 36.4 96 . 
Ekperiments w i t h  ploughless fmming have t o  run  f o r  a period of 
several  years in order t o  measure the e f f ec t  and var ia t ion  in 
y ie ld  and change in s o i l  s tructure.  

In 1968 exper imats  on 3 s o i l  types were started.  The t i l l a g e  
operations and some of the  r e s u l t s  a r e  shown in table  5. 
Table 5 Barley grawing without p l q h i n g  since 1968 

Yield, Wrg Relative Pores > 30 !Jm 
per hectare 

Stubble treatment, 33.5 42.3 44.7 l oo  loo loo 30.3 6.3 15.1 
ploughing, 20 a, 
seedbedpreparation 

Chemicalweedcontrol, 30.6 36.9 42.4 9 1  86 95 30.1 7.8 14.6 
Rotmating in spring, 
3 cm 
Rotavating in spring, 34.1 41.2 41.8 102 93 94 39.6 19.4 28.2 
l o  cm 

Stubbletreatment,  33.938.942.9 101 92 96 3 3 - 7 1 2 - 1 1 6 - 5  
seedbedpreparation, 
l o  cm 



In the plots without phugbing there h v e  been problems with 
coach grass and with lack of experiences for  the right time and 
the right way t o  use the implements. In plot no. 2 it has been 
difficult t o  drjll the barley seed. 

On the sandy soi l  the ploughless t i l lage has given the same 
yield as traditionel treatment, On the sandy loam anci the s i l t y  
loam the highest yield i s  obtained a f te r  plaugZling t o  20 m 
depth. ReCuced depth of t i l l i ng  has given a reduction on 1.1 - 
3.9 hkg grain per hectare. The volume of large pores (> 30 p) 
is higher af ter  the ploughless tillage. 

New series and experiments have been started ttLning the las t  
two years. In these experiments the problems of s h w  rmrlching 
and green manme are included in  combination with plougking and 
ploughless tillage. 

Rasmssen, K.J. (1973) Minimal j ordbehandling. 
Statens For~ogsvirksomhed i 
Plartekultcnr. 1104. medd. 

Rasmussen, K.J. (1973) Ikcvningsjntasitet ti1 byg. 
Tidsslaift fo r  Planteavl. 
77 : 443-47 o 

Fmsling contra plerjning. 
G-versigten wer  Pianteavlsforsog 
P- 52 
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Comparison of implements for secondary cultivation 

Hermann J. Heege, Institut fur ~andtechnik, 
Universitgt Bonn 

Abstract 
Secondary cultivation can be accomplished with imple- 

ments differing greatly in principal design. In this 

paper the power transfer, the mixing effect,and the soil 

relief left by several implements will be dealt with. 

The power transfer 

The power for soil cultivation can be transferred from 

the tractor to the implement by means of pulling or via 

the power take off (PTO). The power transfer by means 

of pulling causes slippage of the tractor tires and thus 

a loss of power and time. Consequently, tools driven by 

the power take off have been developed, e.g. the recipro- 

cating harrow, the reciprocating stars, the rotary harrow 

operating horizontally and the rotary harrow operating 

vertically. The percentage, to which the total power for 

these implements is supplied by the power take off, 

differs (Pig.1). The percentage of the power transferred 

to the implement by the power take off increases in the 
following order: reciprocating harrow, reciprocating 

stars, rotary harrow operating horizontally,and rotary 

harrow operating vertically. The reciprocating harrow 

still gets 32 to 46 percent of its power transferred by 
the tractor tires. On the other hand, the rotary harrow 

operating vertically did not need any power trartsferred 

by the tractor tires when the speed exceeded 2,6 km/h. 
Under these circumstances the power transfer to the rota- 
ry harrow operating vertically by means of the power take 

off was higher than the total power needed for the imple- 
ment, which means that the implement is pushing the trac- 

tor. 
The power transfer to the implement via the power take 
off should be uniform. High torque variations during the 

power transfer can result in vibrations of the imple- 



ment as well as the tractor and can accelerate the wear. 

The torque variations at the power take off increased 

in the order rotary harrow (both types about same rank), 

reciprocating stars, reciprocating harrow (Fig. 2). 

The mixing effect 

A high mixing effect of cultivation implements is des- 

irable when crop residues or fertilizer must be incorpo- 
rated into soil. Generally the mixing effect is de- 

fined as the ability to distribute particles lying on 

the soil surface uniformly within the working depth of 

the implement. This definition probably corresponds to 

agronomic requirements. However, this definition does 

not take into consideration the physical factors causing 

the incorporation of particles into the soil ( 3 ) .  

The mixing effect was determined by means of maize ker- 

nels, which were spread over the soil surface. The dis- 

tribution of the kernels in the soil within the working 
depth of the implement was measured by using a soil 

slicing unit according to Breitfuss (1). The mean kernel 

depth x as well as the standard deviation s of the ker- 
nel depth were determined. 

The evaluation of the results gave similarly directed 

tendencies for the mean depth x as well as the standard 
deviation s, however, the differences between the im- 

plements in the mean kernel depth x exceeded those in 
the standard deviation s. The Table 1 contains the rank 
of the implements according to the mean kernel depth x, 
which was obtained at three different sites. The high- 

est mixing effects were produced by implements employ- 

ing tools which rotate in a vertical direction, such as 
the rotary harrow (operating vertically) and the Finnish 

rotary harrow.Tools moving solely in a horizontal direc- 
tion gave low mixing, even if the8 were driven by the 

power take off. 



The soil relief 

An exact sowing depth of the seeds cannot be obtained 

with an uneven soil relief. Therefore, often roller 
tillers are attached to the implement for levelling 

the soil. However, in implement-combinations used for 

simultaneous secondary cultivation and sowing these 

roller tillers increase the space required between the 

cultivation implement and the drill. The result is a 

comparatively long distance between the tractor and 

the drill. Thus when mounted implement combinations 

are lifted, instability of the tractor can follow. 

The question arises whether the soil relief left by 
different implements used for secondary cultivation 

allows drilling without levelling by roller tillers. 

The soil relief was measured by means of a reliefmeter 

similar to the reliefmeter used in previous work of 

Kuipers (4). The standard deviation of the level of 
the soil surface was determined. The lower the stand- 

ard deviation of the soil surface level is, the more 
even is the soil surface and vice-versa. 

The Figures 3 and 4 show the results from two sites. 
In both cases the Danish cultivator left by far the 

most uneven soil surface. The reciprocating harrow, 

on the other hand, produced the most level soil re- 

lief. The order of the remaining implements is not the 

same on both sites and probably influenced by the 
physical soil properties. 

The differences in the soil relief are mainly caused by 

thetool paths. The Danish cultivator produces distinct 

furrows and.ridges in the direction of travel. The even 

relief of the reciprocating harrow is mainly a result 
of the considerable soil transport taking place in the 
direction of travel as well as perpendicular to the di- 

rection of travel. The soil transport in the direction 
of travel results from a soil ridge, which is carried 

along in front of the reciprocating harrow. The lateral 

movements of the harrow bar cause the soil transport 

perpendicular to the direction of travel. 



The preparation of an even soil surface also requires suffi- 

cient soil pulverization by the implement. In case the im- 
pleir~ent tools would not leave any furrows and ridges, the 

evenness of the relief would depend mainly on the size of 

the soil aggregates. However, the results in the Figures 7 
and 4 can only be explained to a very small extent by diffe- 
rences in the distribution of the soil aggregates. 
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Table 1 : Rank of implements in the mixingeffect , , , 
BONN 

Implement 

~ s i t e B ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ i ; ~  

site C 

Mean ,,,, 1.33 2.00 2,67 5.00 5.00 5.33 6.67 
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I. t L. -- Reciprocat. Reciprocat. -- Rot. Harrow Rot. Harrow 
BONN Harrow Stars - (horizont. rotation) (vert. rotation) 

Fig. 1: Power transfer to the implements 
Frequency of reciprocating tools: 9 Hertz 
Peripheral velocity of rotating tools: 3,6 m/s 

Reciprocating Harrow Reciprocating Stars  

Rotary Harrow 
(operat. horizontal.) 

Rotary Harrow 
(operat. verticai.1 

Fig. 2: Torque variation 
Forward speed of all implements: 2,5 km/h 
Frequency of reciprocating tools: 9 Hertz 
Circular velocity of rotating tools:175-186 RFP,!I 
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Fig. 3 :  Soil relief on site A 
(loamy sand, plowed 4 months beforehand, 1 7 , 3  $ 
w a t e r )  
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EFFECT OF TILLAGE AND FERTILIZATION OF DFJERSE TYPES 

OF SOIL ON Y I I Z E  YIELD 

R.Jovanovi6, F.KolEar 
Maize Research I n s t i t u t e ,  Beograd - Zenun Pol je ,Yugoslavia  

ABSTRACT 

Primary t i l l a g e  and minera l  n u t r i t i o n  a r e  n o t  

i s o l a t e d  c u l t u r a l  p z a c t i c e s .  The i r  e f f e c t  depends on t h e  

r e i a t i o n :  s o i l  - e c o l o g i c  p l a n t  c o n d i t i o n s  - complex of 

c u l t u r e  p r a c t i c e s - ' T h e r e f o r e ,  w e  have s t u d i e d  on cherno- 

zem, smoni tza ,  pseudogley,  Brown f o r e s t  s o i l s  and t h e i r  

combinations t h e  e f f e c t  o f :  t h e  dep th  and t ime of primary 

t i l l a g e ,  amounts of minera l  f e r t i l i z e r s  and t h e  plowing 

under of s t u b b l e  f i e l d s  on maize y i e l d .  



1. The effect of the depth of primary tillage and 

fertilization on yield 

Method 

Soil tillage was conducted at depths of 25 and 40 cm. 

Uuriny plowing soil moisture was found to be: on chernozem 18.39%, 

smonitza 17.54%, brown forest soil 18.48 and pseudogley 17.96%.The 

soil was medium moist during tilling, not sticky and suitable for 

tillage. 

Amount of fertilizer: 

a )  N-75 kg/ha, P205-60 kg/ha, K20-39 kg/ha - total 174 kg/ha 
b) N-120 kg/ha, P205-96 kg/ha,K20-60 kg/ha - total 276 kg/ha 
C) N-165 kg/ha, P205-132kg/ha, K20-82 kg/ha- total 379 kg/ha 

Ratio of fertilizers: 1.0:0.8:0.5 NPK 

: : j l ~ l u l  t:aneously with seedbed preparation in the fall 75% of pho- 

r:phor#s and potassium fertilizers were plowed under. The remaining 

,(l~anti:ty and 75% of the total nitrogen fertilizers was taken into 

tlie soil during pre-planting preparations. The rest of nitrogen fer- 

i.j.li.zer was used up during the vegetative period in the 5-6 leaf 

!?tTl<JC?.  

The investigation was conducted during 1971/1975. The 

Eol.l.owi.ng types of soil were studied: chernozem, smonitza, brown 

forest soil and pseudogley. 

The maize hybrid under observation was ZP SC 58C. 



RESULTS 

Depth of t i l l a g e :  

The s o i l  of a h e a v i e r  g r a n u l a r  composit ion l i k e  

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

of primary t i l l a g e .  On t h e  o t h e r  hand, t h e  t y p e s  of s o i l  ha- 

v ing  a. l i g h t e r  g ranula rcompos i t ion  as i n  t h e  c a s e  of cherno- 

zem and brown f o r e s t  s o i l s ,  no s i g n i f i c a n t  r e a c t i o n  occur?  

r e d  t o  deeper  primary t i l l a g e .  ( F i g . 1 ) .  

Chernozern s o i l  t i l l e d  a t  a  dep th  of 4 0  cm compa- 

r e d  t o  25 cm gave g r e a t e r  g r a i n  y i e l d  by 1.62 mc/ha (1.84%) . 
S i m i l a r  r e s u l t s  were ob ta ined  wi th  smonitza and brown f o r e s t  

s o i l s .  Smonitza s o i l  t i l l e d  a t  a dep th  of 40 cm i n  compari- 

son w i t h  25 c m  gave b e t t e r  g r a i n  y i e l d  by 1.68 mc/ha ( 2 . 2 2 % ) .  

The e f f e c t  of  a  g r e a t e r  dep th  of t i l l a g e  i n  t h e  ca se  o f  bro: 

wn f o r e s t  s o i l  was an  i n c r e a s e  i n  g r a i n  y i e l d  by 2.27 mc/ha 

( 2 . 9 6 % )  . 
An a n a l y s i s  based on t h e  LSD test  shows t h a t  d i -  

f f e r e n c e s  i n  g r a i n  y i e l d  i n f luenced  by deeper  primary t i l l a -  

g e  a r e  j u s t i f i e d  only  i n  t h e  c a s e  of pseudogley s o i l .  I n  t h e  

o t h e r  t ypes  of s o i l  t h e  d i f f e r e n c e  i s  n o t  s i g n i f i c a n t  f o r  5% 

and 1%. 

Minera l  n u t r i t i o n :  

The lowest  y i e l d s  i n  a l l  t y p e s  of s o i l  were ob- 

t a i n e d  when t h e  s m a l l e s t  dose  of mine ra l  f e r t i l i z e r s  was ap- 

p l i e d .  With i n c r e a s i n g  t h e  amount of f e r t i l i z e r s  a p p l i e d  i n  

a l l  t y p e s  of s o i l ,  y i e l d  was n o t  i nc reased  i n  t h e  same. ra -  

t i o  (Fig.2) . 
I n  t h e  case of chernozem, smonitza and brown fo-  

rest s ~ i l s ,  t h e r e  e x i s t s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  g r a i n  

y i e l d  between v a r i a n t s  174 kg/ha and 276 kg/ha of mine ra l  

f e r t i l i z e r .  Between t h e  v a r i a n t s  276 kg/ha and 379/kg/ha 

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

5% and 1%. On t h e  c o n t r a r y ,  on pseudogley s o i l  v a r i a n t  379 ' 

kg/ha compared t o  279 kg/ha of mine ra l  f e r t i l i z e r  i n f luenced  







y i e l d s  s i g n i f i c a n t l y .  An a n a l y s i s  of  pseudogley s o i l  based 

on t h e  LSD t e s t  shows t h a t  t h e r e  i s  a  j u s t i f i e d  d i f f e r e n c e  

i n  y r a i n  y i e l d  between t h e  v a r i a n t s  174 kg/ha and 276 kg/ha, 

a s  w e l l  a s  between v a r i a n t s  276 kg/ha and 379 kg/ha of mine- 

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

The v a r i a n t  276 kg/ha of mine ra l  f e r t i l i z e r s  com- 

pared t o  174 kg/iia gave i n  t h e  average a g r e a t e r  g r a i n  y i e l d :  

on chernozem 3.80 mc/ha (4.13%) , smonitza 3.28 (4.28%) , brown 

f o r e s t  s o i l  4.76 inc/ha ( 6 . 4 4 % )  and pseudogley 5.14 mc/ha (7.55%) . 
Between t h e  v a r i a n t s  379 kg/ha and 276 kg/ha of mine ra l  f e r -  

t i l i z e r ,  t h e  d i f f e r e n c e  i s  sma l l e r  and was founh t o  be a s  fo -  

l lows: on chernozem 0.66 mc/ha (0.7%) , smonitza 1.15 mc/ha 

(1 .43%) , brown f f > ~ - e s t  so i l  1.82 mc/ha (2.32%) and pseudogley 4.98 

mc/ha (6.80%) . 
Pseudcyley s o i l  i n  comparison t o  t h e  o t h e r  t y p e s  of 

s o i l  r e a c t e d  no teab ly  t o  g r e a t e r  doses  of mine ra l  f e r t i l i z e r s .  

I n  r e l a t i o n  t o  t h e  con ten t  of p h y s i o l o g i c a l l y  a c t i v e  subskances ,  

t h i s  s o i l  is  compared t o  t h e  o t h e r  t y p e s  of s o i l  v e r y  poor.This 

e x p l a i n s  i t s  s i g n i f i c a n t  r e a c t i o n  t o  mine ra l  f e r t i l i z e r s .  

2. E f f e c t  of s t u b b l e  f i e l d  plowing under and t h e  

t i m e  of  primary t i l l a g e  on y i e l d  of hyb r id  

maize ,of  t h e  FA0 500 m a t u r i t y  group 

Method -- - - 
The s tudy  was conducted on smonitza s o i l  du r ing  t h e  

per iod  1971/1975. 

- Thestubble  f i e l d  plowed under t o  a depth  of 15 cm 

imn~edia te ly  a f t e r  h a r v e s t i n g  wheat ,  primary t i l l a g e  c a r r i e d o u t  

i n  t h e  f a l l  a t  a  dep th  of 30 cm. 

- Primary t i l l a g e  c a r r i e d  o u t  i n  t h e  f a l l  a t  a dep th  

o f  30 cm wi thout  p r i o r  plowing under of s t u b b l e  f i e l d .  

S tubble  f i e l d  plowed under t o  a depth  of 15  c m  i m -  

in rd ia te ly  afbter h a r v e s t i n g  wheat ,  primary t i l l a g e  conducted i n  

t h e  s p r i n g  a t  a dep th  o f  20-35 cm. 



A s  it can be seen  from t h e  r e s u l t s  i n  t a b l e  1, 

t h e  g r e a t e s t  average  y i e l d  w a s  ob ta ined  by conduct ing p r i -  

mary t i l l a g e  i n  t h e  f a l l  a long  w i t h  p r i o r  plowing underof  

t h e  s t u b b l e  f i e l d  (82.71 mc/ha) . Provided t h e  stubbl-e f i -  

e l d  was plowed under fo l lowing  wheat h a r v e s t ,  y i e l d  proved 

t o  be  h ighe r  a f t e r  s p r i n g  primary t i l l a g e  as w e l l  (80.34 

mc/ha) compared t o  y i e l d  a f t e r  f a l l  pr imary t i l l a g e  wi thou t  

p r i o r  plowing under of t h e  s t u b b l e  f i e l d  (74.56 mc/ha). 

The d i f f e r e n c e  i n  y i e l d  between t h e  d i f f e r e n t  

t i l l a g e  v a r i a n t s  a.ccording t o  y e a r s  ranged between 4.57% 

and 20.45% (1972) . 
The i n v e s t i g a t i o n  was conducted i n  an  a r i d  c l i -  

mate r e g i o n ,  where t h e  y e a r l y  amount of p r e c i p i t a t i o n  cor- 

respo~lded  t o  206.9 mm (1971) ,  184.9 I& (1972) and 468.3 mm 

(1973) .  P r e c i p i t a t i o n  i n  t h e  f i r s t  t w o  y e a r s  of  t h e  inve-  

s t i g a t i o n  r e p r e s e n t s  t h e  l i m i t  i n  maize produc t ion  undermn- 

d i t i o n s  c f  d r y  farming.  A s  t h e  d i s t r i b u t i o n  of r a i n f a l l  was 

q u i t e  qood, y i e l d s  w e r e  s a t i s f a c t o r y , t o o .  

I n  our  e a r l i e r  i n v e s t i g a t i o n s  (KolEar, 1 9 7 4 )  and 

i n  s t u d i e s  of o t h e r  a u t h o r s  (Markovib,1968; Jovanovie , l969 ,  

1974; Rofib ,  1973) it was found t h a t  a t  e q u a l  s o i l  dep th  mo- 

i s t u r e  con ten t  i s  g r e a t e r  i n  t h e  case o f  deep f a l l  t i l l a g e  

a long wi th  p r i o r  plowing under of s t u b b l e  f i e l d  t h a n  witho- 

u t  it. This e x p l a i n s  h ighe r  y i e l d ,  because i n  t h e  a i r i d  c l i -  

mate a g r e a t e r  q u a n t i t y  of w in t e r  mois ture  i s  accummulated 

i n  t h e  s o i l  when t h e  s t u b b l e  f i e l d  i s  plowed under p r i o r  t o  

primary t i l l a g e .  

Tab.1.- E f f e c t  of  s t u b b l e  f i e l d  plcwing under and t h e  t i m e  
of  pr imary t i l l a g e  on maize y i e l d  

F a l l  t i l l a g e  1 1 5 y s ~  1 Year 

1 :::i 
I1 I 

/mc/ha / % I nc/ha  % rnc/ha 

85.28 
78.08 
84.76 / ;:2age, 82.71 

1 0 0  
100 
1 0 0  

I= s t i b b l e  plowed under 
11= s t u b b l e  n o t  plowed under 

100 / 74.161 9 0 . 1 4  

I 

76.041 89.16 
62.12 79.55 
85.53 330.90 

80.34 97-13 

82.11 
7 7 2 5  
81.65 

, 
96.28 
98.93 
96.33 

5.29 8 . 0 i  
2.96 3.92 
1.22 1 . 6 0  
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Tillage problems for cereal production with respect 
to different N levels 

by 

Prof. Dr. G. Xahnt, 7000 Stuttgart 70, Post Box a06 

Summary 

Nest to numerous advantages, deep tilling also implies 
a number of disadvantages. Herbicide residues and straw 
are worked in too deeply, still germinative weed seed 
is Cranported to upper soil layers and, following "good" 
preceding crops, what is too much N for cereals may be 
mobilized. The paper explains that shallow cultivation 
of cereal acreages will help to avoid these negative 
effects. 

I. Various effects of the ploughed forrow may be wholly 
or partially substituted by mineral fertilizers and 
herbicides. Reversing of the soil should, therefore, 
not generally be effected for each type of crop resp. 
following each preceding crop. Tillage of a weed- 
free, harvested silage maize plot e.g. transports 
still germinative weed seed from below tu upper soil 
layers so that new weed control operations become 
necessary the following year, which would not be 
required after shallow rotary hoeing. 

In the presence of sufficient soil moisture, straw 
decomposition is most rapid at a depth of 0-10 cm 
where we in general find the highest degree of bio- 
logical activity. Deep reversal of the soil would in 
this case not represent a purposeful type of culti- 
vation. This sort of intervention does, on the con- 
trary, increase the N supply from the soil. On very 
clayey or sandy soils with a small humus content this 
would not be appropriate, as the small quantity of 
humus available in the soil should be preserved. 
This can best be achieved by letting the soil rest. 
Intensive cultivation of a soil very rich in humus 
prior to cereal cropping may also be disadvantageous, 
as there is a possibility of too much N being mobi- 
lized. It is a well-know factthat the flow of ?I 
from the soil is influenced by 6 factors: 

1. climate 
2. weather conditions I hardly, if it ali, controllable 3. soil 
4. preceding crop only limited choice 
5. soil cultivation to a certain extent var. 
6. fertilization fully variable 

Regulation of the N supply from the soil, following 
the choice of the preceding crop, is, therefore, 



p o s s i b l e  on ly  by means of 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 ,  an  a d a p t a t i o n  t o  t h e  requi rements  of p l a n t s  
i t  , i i f l ' c ren t  growth s t a g e s  being i n  the  f i r s t  p l a c e  
: ~ c l l i e v a b l e  by mine ra l  f e r t i l i z a t i o n .  Seed-bed prepa- 
r a t i o n  does ,  however, r e i ~ u i r e  s o i l  c u l t i v a t i o n .  On 
the b a s i ~  of e x i s t i n g  soil c u l t i v a t i o n  and N f e r t i l i -  
~ ; : t i o r l  e .xperiments,  we c r i e d  t o  de te rmine  f o r  our  
l o c a t i o n  t h e  most f avourab le  d a t a  f o r  c u l t i v a t i o n  
&iep th  and N u t i l i z a t i o n  v a i i d  f o r  wheat w i th  maize 
i n d  r a p e  a s  p reced ing  c rops .  

1 . .  ii'e based o u r s e l v e s  on the consSde ra t ion  t h a t  i n  t h e o r y  
~ \ , i c h  decreasin;:; c u l t i v a t i o n  dep ths  a )  l e s s  N becomes 
p l a n t - a v a i l a b l e  i n  t h e  s o i i  , and b) t h e  scope of 
variations i n  t h e  p o s s i b l e  N f low i s  be ing  reduced 
(Table  1 ) .  T h i s  would imply t h e  p o s s i b i l i t y  o f  r educ ing  
the  r i s k  of loagj.ng, of cteseases and too  h i g h  p r o t e i n  
c o n c e n t r a t i o n s  i n  m a l t i n g  b a r l e y ,  and permit  t o  avo id  
y i e l d  depress ic ,ns .  The Cact t h a t  e x c e s s i v e ,  unvolunta ry  

Table  i T h e o r e t i c a l  Y supply  from t h e  s o i l  (kg/ha) 
depending on N a v a i l a b i l i t y  and c u l t i v a t i o n  
dep th  i n  t he  presence o f  a  humus decomposi- 
t i o n  r a t e  o f  I-';':!, 

'O S preaen t  co 1 t  vati ion d e p t h  
~n  s o i l  20 cin 5 cm 

N supply  from t h e  s o i l  may reduce t h e  g r a i n  y i e l d  be- 
came appa ren t  i n  1972 d u r i n g  a  s o i l  c u l t i v a t i o n  expe- 
r iment  made wi th  w i n t e r  wheat f o l l o w i n g  maize on para-  
brown e a r t h .  I n  t h e  p reced ing  y e a r  t h e  maize had been 
r e r t i l i z e d  a t  a  r a t e  of  250 kg of N/ha. Owing t o  d r y  
weather c o n d i t i o n s ,  t h e  N r e s i d u e  a f t e r  h a r v e s t i n g  
was c o n s i d e r a b l e .  I n  t he  c a s e  of ploughed fur row (25  cm) 
any N d r e s s i n g  of t h e  subsequent  w i n t e r  wheat l e d  t o  
reduced y i e l d s .  The same h e l d  t r u e  f o r  c u l t i v a t o r  
t i l l a g e  ( 1 2  cm) w h i l s t  sha l low r o t a r y  hoe ing  ( 4  cm) 
without  N m o b i i i z a t i o n  by s o i l  c u l t i v a t i o n  produced,  
i n  combination with  N f e r t i l i z a t i o n ,  a  y i e i d  i n c r e a s e .  
Even without  N a p p l i c a t i o n ,  y i e l d s  i n c r e a s e d  between 
2 5  and 12 c m  c u l t i v a t i o n  dep th  i n  o r d e r  t o  start  de- 
cl.eninp; n s  l'roni .I cm, 
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Ill. 1 Winter wheat yields 1972 following maize in the 

case of ploughed furrow (P), cultivator tillage 
(F) and shallow rotary hoeing (Fr) with N 
dressing of 0, 100 and 150 kg/ha. 

The experiments continued over a period of 3 years show 
that under the "normal" weather conditions prevailing in 
1973 and 1974 there were smaller quantities of plant- 
available N present in the soil so that the 

optimum cultivation depth without N application amounted 

to approx 30 cm, 

with 100 kg of N/ha it reached approx. 18 cm, 

with 150 k~ of N/ha approx. 8 cm (111. 2). 

Ill. 2 Optimum cultivation depth for winter wheat 
following maize in 1973 and 1974 with appli- 
cation rates of 0, 100 and 15.0 kg of N/ha. 



A very hypothetic Curve through the 3 iritersections of 
maximum yields and optimum cultivation levels would show 
that a maximum yield would have been achieved at a rate 
of approx. 200 kg of N/ha without soil cultivation. 

In i 971 /72  with dry autumn weather and a mild winter 
with lFttle rain, on the contrary, the masimum yield 
would have been realizable without N dressings following 
a soil cultivation depth of 10 cm only and in theory 
the maximum yield would already have been achievable with 
150 kg of N and zero tillage (111. 3). 

Ill. 3 Optimum cultivation depth for winter wheat 
following maize in 1972 with application rates 
of 0, 100 and 150 kg of N/ha. 

In the absence of soil cultivation or following shallow 
cultivation, there is a smaller amount of N supplied from 
the soil. Depending on the humus content of the soil, 
this means that the plant will receive a sufficient dose 
of N or khat the N supply is too small (vide Table 1). 
As long as the fertilizer rate is in line with the achie- 
vable yield level, high N dressings should, therefore, be 
better convertible into yields in the presence of small 
N supplies from the soii than if the flow of N from the 
soil is too high. 

Our experiments confirm that the difference between the 
N quantity determiced in the yield/ha.znd the amount of 
N absorbed on the zero N plot, which may be considered as 
utilizable fertilizer N, is bigger following direct 
drilling than after ploughed furrow. Following ploughed 
furrow, the N utilization rates resulting on our type 
of soil reach 45-j0$ only, in the case of direct drilling 
the corresponding figures are 75435% (111. 4). 



111. 4 Utilization of 100 resp. 150 kg of fertilizer 
N by winter wheat in the case of different 
cultivation depths (P = 25 cm, F = 10 cm, 
DS = 4 cm). 

Minimum soil cultivation following "good" preceding 
crops, e.g. rape maize, grass-clover, sugar beet or 
field beans, does also have a number of economic 
advantages and labour-saving effects: 

1. Less expenditure of time and energy for soil 
cultivation and drilling 

2. Reduced or no expenditure for chemical weed 
control if the preceding crop was weed-free 
(trough herbicides) 

3. aetter utilization of fertilizer N 

4. Harvesting facilities by reduced lodging 

5. Possibility of growing the higher-yielding 
winter cereals even after late harvesting 
of preceding crop. 

At present the problems of minimum cultivation still 
reside, a.o., in the fact that the seed-bed is often of 
insufficient quality. In small-scale experiments the 
field sprouting of winter wheat was deternined for the 
moment t (111. 5), this for various aggregate sizes, 
degrees of water saturation of the soil, drilling depths 
and temperatures. Under the given soil and test conditions, 
a high degree of field sprouting, almost independent of 
drilling depth an soil moisture, was obtained only with 
aggregate sizes between 1-3 mm e( (111s. 6 / 7 ) .  In the 
case of more finely divided soils, high soil moisture, 
low temperature and higher drilling depths, however, 
field sprouting amounted to approx. 25% only. On a dry 
soil and following very shallow or very deep drilling, 
shooting again reached no more than 30-40%. 
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Concequently, minimum cultivation is more indicated 
following good preceding crops on soils with a satis- 
factory crumb structure, resp. on sandy soils or soils 
rich in humus than on clayey acreages insufficiently 
prepared by bad preceding crops. 

1975 

Literatur : 

Bausch, R., Auswirkungen bodenphysikalischer Kenn- 
Kahnt, G., groessen auf den Feldaufgang von Getreide. 
Koeller, K.: (~ffects of soil physical parameters on 

field sprouting of cereals). 
Review "Landtechnik", 1975 edition. 

Baeumer, K., Zero tillage. 
Bakermans, "Adv. in Agronomyn, Vol 25, 1973. 
W.A.P. 

Kahnt, G. : Ackerbau ohne Pflug. (Crop farming without 
plough). Publishers: Verlag E. Ulmer, 1976. 

7 3 %  ,, 
5 0 %  ,, - -  

dlometer of crumbles l m m i  

<1 lb15<3 3b85<5 5bts<20 <1 l b l s ( 3  3 b # s < 5  5bis<ZO 

crlr~rir for enalyais of nmarCnnm 

Ouwerkerk, Grondtroggen en minimale grondtbewerking in 
C. van: Westctuitsland on Oostenrijk. 

Inst.v.Bodemvruchtbaarheid, Haren-Gr. 
Rapp. 9, 1972. 

D 023 

5FB 1 4 0 - A 2 (  



The 7th Conference of the Internat ional  3 2 i l  TiLlage Research 
Organization, Sweden, 1976. 

Grassland renovation 

Ing. J.J. Klooster 
In s t i t u t e  of Agricultural Engineering, Mu?sholtlaJX 10-12, 
Wageningen, The Netherlands. 

ABSTRACT 

In  laboraty- and f i e ld t r i a l s  the germination of grass seed was studied 
i n  re la t ion  with sowing-depth and s o i l  compaction. 
Sowing a t  a depth of 2 - 3 cm i s  t o  prefer  above super f ic ia l  sowing. 
So i l  compaction has some posi t ive  e f f e c t  a f t e r  super f ic ia l  sowing. 
So i l  inoisture content however is the most important factor  for  
germination. 



RESULTS 

Laboratory experiments 

0 
Under conditioned circumstances (temp. 2 15 C, r e l a t i ve  a i r  humidity 
40 - 60%) experiments were done i n  three repe t i t ions  with d i f f e r en t  
s o i l  types (clay, sand arrd pea t ) ,  two sowing-depths (0 and 2 cm) and 

2 
with moke or less  s o i l  compaction (exp9riment I: 0, 1, 2 and 34 kg/cm 
and experiment 11: 0, 'i, 1 and 2 kg/cm ) ;  no water or  nu t r i t ions  matter 
was applied. The r e su l t s  are  shown i n  f i g .  1. We see that :  
a )  a sowing depth of 2 cm i s  be t t e r  than 0 cm. 
b) So i l  compaction a t  a sowing depth of 2 cm has a negative e f f e c t  on 

the germination. 
C )  On the objects of 0 cm sowing depth compaction has a poss i t ive  

effect ;  more pressure gives a be t t e r  r e su l t .  Probably the contact  
between seed and s o i l  i s  be t t e r  due t o  compaction and the young 
plant can ge t  more water. 

d) on clay the germination i s  no t  so  good as sand and peat. Without 
s o i l  compaction the contact between seed and s o i l  i s  ra ther  bad 
and with compaction the mechanical res is tance may be t o  high for  
germination. 

FIELD EXPERIMENTS 

In the fzeld about the same experiments as  i n  t he  laboraty were done t o  
see the reaction of germination under p rac t i ca l  circumstances. 
On a sandy s o i l  the  seedbed i s  prepared with a plough and a cu l t iva tor  and 
with a special rotary t i l l e r  (buryvator, reverse rotat ion,  see  the paper 
of Mr. U.D. Perdok: Multi-powered s o i l  t i l l a g e  implements). 
With a sowing machine the seed i s  placed super f ic ia l  (0 cm) and a t  a 
depth of 2 - 3 cm. After sowing the s o i l  i s  compacted with a pressure 
of 0, 1, 2 or  3 kg/cm2 by using a f l a t  r o l l e r  (bal las ted with water- 
f i l l e d  containers) . 
The results ,  shown i n  f i g .  2 ,  are: 
a )  the sowing depth of 2 - 3 cm i s  much be t t e r  khan supe r f i c i a l  sowing 

(as in  the laboratory experiments) 
b) superficial  sowing on the plough objects gives more sprouts than 

on the buryvator objects; on the rugged posit ion of the ploughed 
surface the seed depth is about 1 cm ins tead of 0 cm (special ly  
a f t e r  raining) 

c) s o i l  compaction has some e f f e c t  on the ploughed objects with 
superficial  sowing and perhaps on the buryvator objects with 2 cm 
sowing depth. On the other objects compaction has hardly any e f fec t .  

Other f i e ld t r i a l s  showed the difference i n  sowing-depth between the 
various machines used f o r  grassland renovation ( f ig .  3 ) .  
The well-known machine, Brilldon, sowed i n  the upper layer (0 - 1 cm). 
A flax-sowingmachine ( w i t h  pipes) can place the seed a t  a depth of 
2 - 5 cm. 
A special  machine for  grassland renovation is the sowing-buryvator. 
I n  this machine the operations are  combined. The buryvator is  equipped 
with a sowing mechanism for  grass seed and with a ro l l e r .  This machine 
i s  sowing a t  a depth of 0 - 2 cm. 
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R c l c t i o n  between S p c c i f i c  Energy en? C i o i - S i z e - L i s t r i b u t i o n  7? 

6 Ro ta ry  T i l l e r .  

Kzrry K n i t t e l .  
L ~ h r s ' c u h l  f iJr  F f l anzenbzu  unti r f l anzcnzEch tung  
TU Fignchen-Weihenstephcn 
ZCSC F r e i s i n g ,  Germeny 

A b s t r ~ c t  : 

Energy r e q u i r e m e n t  f o r  t i l l i n g  snd t i l l i n g  e ? F e c t  a r e  c r i t i c e l  

f a c t o r s  f o r  a  s o i l  imp1emen.L. P n  a t t e m p t  t o  Cevelope a  r e l a -  

t i o n s h i p  between energy  ane  d e g r e e  of pu ;ve r i zz t fon  u a s  v e r y  

c l o s e .  T h e r e f o r e  we can u s e  t h e  q u c t i e n t  of bo th  e n e r e y  and 

e f f e c t  a s  a  c h e r s c t e r i s t i c  c f  an ir;iplement. I t  i s  porposed  t h e  

new index  t o  be nened ' s p e c i f i c  e n z r s y  of p u l v e r i z a t i o n " .  

1. Problem of s a i l  t i l l z g e  

P r e p a r i n g  an a p t i m e l  s e e t - b e e  is t h e  main o b j e c t i v e  of s o i l  

t i i l s ~ e .  En t h e  one henc c l ~ d  s i z e  c ; i s t r i b u t i o n  c o n t r c l s  t h e  

g e r n i n ~ t i o n  on t h e  o t h e r  harcc' t h e  s o i l  m o i s t u r e  c o n t ~ n t  i n f l u -  

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

t i l l i n g  E f f e c t  t o  t h e  c o n ? i t i o n s  c f  s o i l .  The b e s t  implements 

f o r  va ry ing  t h e  t i l l i n g  e f f e c t  e r e  powereti m ~ c h i n e s ,  e.g. r o t ~ . r y  

t i l l ,  o s c i 1 l e t ; n c  o r  r o t a r y  tiarrowe. 

k l t h a u g h  ue czn very  t h e  e r f e c t  cT ?owerec implement b y  chancing  

t h e  r o t ~ t i o n  s p e ~ d  01. T D Y ~ , I Z Z C '  ve lnc . i ty ,  t , h e r s  a r e  many f e c t c r s  

i n f l u e n c i n ;  t h e  t i l i i r , g  E ~ T E c ~ .  T h e . i n i t i . 2 1  e o i l  c c n t i t i o n s ,  

rspeci?l:y t h e  s o i l  x o i s 4 ; u i e ,  nay l z r y e l y  s e t ~ r c i n e  both  how 

w e l l  it i s  hrclken up snr! t h e  p?CEr rcnui re :nent .  Eut t h e s e  twr 

f a c t o r s  e r e  t o  be r e s p e c t , e i ,  ir ~n i r f i p l e a ~ n t  s h o u l e  t e  cherec:e- 

T ? Z E L ~ .  

r c r n c r l y  energy  r e q u i r ~ n c n t  mi till in^ e f f c c t  s e r e  measure t  
( ,,--,, ,.,,e c n l y  or,e t n  t r y  -kc ~ c z t l ! , ~  scy?rz tec! .  Gz:I.o~it,? ,I:: ,.: L ~ C  +I- 

c r ~ n n e c t .  t h e  t v c  c r i t i c c l  f'2r:tr-rs. i i r .  f o c n t  E- n e z r l y  h i n e a r  

f ~ r i c t i n r ,  ~ ! h i r t i  . ~ # r . c l i '  L:  lo^' v c i n ~  tii:c q u o t i a n t  a s  e  c h e r z c t c -  
. . , ri5"c.i~ a f  r s e l l  i .mp lc i~~r r t .  ii i8:rr nn:.i; i n  t h e  i e c t  ye2 r s  .tiei: i ,  
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I ! ! ) ,  i ' i C t ! i  (1.) :nc' fn~i~.:..-:i vcl.c:cj.i.y ($3. The  pol:!e~ ( ? )  i c  t k e  
" 

: ~ i ~ o i : i ~ ~ i t  o r  eni.r&i' (':',> F ~ L '  tii;ie i t : .  
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I ! .  I . J : : ~  of t ' . i ?  q ~ n t i e n t  3:; t l !e  o n l y  c i ~ z r a c i . c r i r t i c  n.: implement 

. c  -:nLy t l ? : ~ ~ e i  a t  conctzr l t  i : ! . l i i n c ~  e f r c c t .  P i ;  c i C f e r e n t  clcci 

sir:. ~ i r ~ t r i h u t i o n s  i t  ic n ~ c r s e ~ r y  t , ~  r e s p e c t  ti-ie r iecree of p u l -  

ve<zc4~:on .  

The  2 c ~ r ~ e  37 p u : v e r i r ~ t i r > r !  (i?! Is L ~ E c ~  on t h e  n ~ a n  u e i ~ h t  
. . .. . , . 

T (I..bC) Eccc?,:.in:: t c  \ ? n  t.:!cl ( 1 ? 5 C ) .  I t  i s  t h e  r e z i -  
. . -. - , A ,  .- >.., . , . . ~ , L  int;.x zi '  i'VL (l-:r:i.L k ~ l ,  V 7 5 )  : 

i ' A : :  cc1i1'.":1nm :;;i;:t tJ,c ~ ~ 1 7 1 . . L z ~ i ; l ~ n t  CF rpec:.?ic e n z r ~ y  is pro-- 
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1 ;  I . ? . '  , h e  . i ! we can ca;c::lp,te an i n -  
-, , . 1, !::I cI?ai?;.c+crizr: ci: ' .nn.lo:,ci:  : ,?c T a l l n i . ! ~ :  



Four t i m e s  d u r i n g  two weeits a  sandy lcam htes till=< b y  F ~ o t q r y  

t i l l e r .  The m o i s t u r e  of  s o i l  became l e s s  by  ciry c l i m r t e .  Si 't 

~ : a ;  ? c s s i h l c  tr? b:or!i e t  c i i f f e r ~ n t  c;;nter>t t f  s c i l  ~ t ~ t ~ r .  Tti' 

til:irl:, E-Ffci;.t k!cr E ~ ~ E C !  I;\: rc:ru?~Ci ~ c : n c f t y  fr::~;! 0.7 t o  
,. ? . . :.i/r: :,t cor , s tan t ,  r o t e t l c n  ~ ; 3 e ~ r !  o? I C Y  fiprl. The :~nc ; th  L '  

p l t c : :  u s  t:eti,~een 11.: ancl L : : .  1 c!n. 

T L  1 '  c [1~wcr  was ne?surec; a:,  ti!^ 1 ~ 1 1 : c r  -.:.~il<c, P P L : ~ ~  tc 

:ir:v~ t h ~  ? , a t o r  a t  t h e  ~ O L ; E I .  trl:e-off (Zfl tncr: ,  1$ '1? ) .  The 

r i c ~ s u r c ; :  EnErl;.y - s i d m  of d r m  ~ i i c  ? ~ i t z t < o n  voL8:er - 1,:i.s s p e n t  

only  f o r  t : i c  p u i v e r i z s t i c n  S y  t l : ~  t c c l s  o: i r p l o n s n l .  

T::c c..lc:,i: s:.zr i ' i ; t r i k . t ; L i f i n  ~ ; : s  i c t c y n j . n ~ f  by siesv,inc_ a i r  

c r i e r :  c!.cis szmpic.r! s t  cnce  ~ T t c i .  :.lil:nc (I ' initte: . ,  1975). 

3. R e s u l t s  

Z.1 I n f l u e n c e  of  t i l l i n 5  p i t c h  on t h e  cloc! s:ze C i s t r i S u t i n n  

 en^' pot.!er r c q u i r e n e n t .  

>.he  4.: . - - . l n g  1 ?  . p i t c h  her5 a  g r e e t  effect on t h ~  d e g r ~ ~  c: ~ u l v e r i -  

z e t i c r  p ro~ iucnd  by  v ~ r i z t i c n  uT fcrb.!arC v c l o c i t y  a t  c c n r t ~ n i  

rctat3.cn speed .  In  t h o  Tence from 11.3 t c  42.1 cn F r ' c g r e r s ' ~ ; c  

- , ,  ; ,netion ~:iar: .FocnL (FZ.5.1:.They e r a  z t ~ t i r " , i . c a l l y  ? , : . r r . i f i c ~ r . ? .  

I t  s h ~ t e t i  t h a t  ~ ~ c r e s s i n g  v c l z c i t y  s n ~  p i t c h  r s s u l t ~ ~ !  i n  a  

l o u e r  t e c r e e  c f  p u l v e r i z a t i o n  c?, ich f ~ l l  on n cnnstrz~; : ,  l s v s i ,  

uhen t h ~  t l l i i n i ,  p i t c h  E X C C ~ C E C :  72 c:li. 
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;I-ir ~ ' i f f e r e n t  l e v e l  u a r  ceuser! b!; ~ ! ! ~ S f e r e n t  s o i l  m o i s t u r e  c o n t e n t  
:.I , ':':-,. , , -,.,,. . T!ic f i n e s t  c ln i '  s i z e  Cistrj.k,i:!:icn I!\RS qrcduceri a t  

. . . .  . ,  
. . 

-1  :: 3: Is./, ::. ( ~ , / c j .  171. :~:  r:;: /h?.~i121. cnl: m o i s t c ~ e  d e p r e s s e l  
. , 
: . i  :‘feet c f  t ; l l ? g ~ .  The in:'?.ucnc.s c f  s c i l  mc ic t i l r e  c c n t ~ n t  on 

" ' 7 ;  
' I : ..;-rr_ c f f ~ r t .  1.1i1.l b c  pu?lj.ct;er: i n  :1:2+;:~r b ~ ~ r l i .  

. :;t~c z::i;le Ccnr-Li~r l  ti!?:: T I . ; L ~ ~ c '  f~1. t h e  ~-r.L?:.inn~.hip between 

: , I  ; :: c  cnei.gi, ::n~! t i . l ? - : n ~  7 - i ; ~ :  :Fig, . ;>.  Ti;:! z p c r i f f c  energy  

I I : -$EL t:- 2 cnns-L;n.l L~vc: . ,  ::l;cr -!'!?.i.ns p i t c l ?  i n c r e a s e i .  
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; IF. , 1nf:ilcnce of -:.i.l:.in~ p j t c l i  n r  t l ia c ~ e c l f i c  ene rgy  

(Accnrbing t o  i e l t n e r )  
, . ' rrsr?r% ( ? 9 4 0 ) ,  t c o  sti;cxcrl t i : 2  c p c ~ i f i c  energy  as E f u n c t i o n  of  

1. : ., . . ' p i c  i d  n '  t h ~ :  :.?r,ie ~ ~ ' ~ i ~ l t ,  t i i ~ t  i n c r e s s i n 5  p i t c h  
. r t ,  2. 

. - 
. . - ..i."n ?.?!!,,er r E q L  L:. ci;~cni- ,cf e r - ~ ~ r g y .  

- ,. 2 .  1 ~ ~ l l . j p ~ : E  :!.I:~ '.;L.I .I'~','--~.I ,.,,,,,-or%, t h e n  ~ e  ren s e e  c s i m i l a r  i n -  
. .  . _I , ,:,I: -,,.. 

L - A - . , . ~ , , ,  p i k c  :-.on L t i ~  deg ree  c f  puiver iza i ; i i ;n  an? spe-  
, . ... 1:: r.r;c;.;-:,. - .  I t l c  :, lr!r.S.cr3. c i e ~  t n  c c r r e l ~ t e  t he  tub  i n l i c e s .  

. - .  -. 
. : ?  ; ; r - .  .: I h c r e  ;: si.r~:!i, a c ? r ' ~ i  c . ; i i ~ l e t j . o n  of h i ~ h  s t a t i s t i c ~ l  

rir-:.:.?ici;r;cp ( 2  :: C.:?, t, = '" . -. " ,, n = 70). I t  i z  2 l i n e a r  func -  
l i  

, . 
: I!?:'. ;. ;cr:.!:i',~ :;.q7e a n t  <oar- t h r o u ~ i  t h e  p o i n t  of zezc .  

, : .,?: < ; ' . - 4 .  ' ." - , ,  ,, ., . r f f ; . c t  vI.11 i ~ c r e n s e  w i t h  i n c r e ~ s i n ~  

I J I  ;" ri.3 I : ~ c ? L ~  is s p e n t ,  t h e r e  oS.li t>e no  

I i r ; ?  t ic !  ~ y u ? t . j  31: ( 5 )  1.1: i ~ ,  p n s s i h j ~  ti; c ~ l c u l a t e  t h e  spe-  
. . .  r.-n-, , , . , , , , - L ~ ~ ~  zf pul \ :z r lze t i : r  fr-.rl t i?e . ? u ~ c t i a n  (rig.:>. 
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Fig.:, T h e  r e l a t i o n  b e t s e e n  s p e c i f i c  e n e r g y  a n d  c ! e ~ r e e  of 

pulverization cf E r o t e r y  t i l l e r .  

T h e  ne l ;~  i n d e x  (PspeC, ' - ,  i r c l u t e ~  t u o  i m p o r t c ~ t  f a c t o r s  t o  c h a -  

x e c t e r i z e  zr, i m p l e m s n t  of  s o i l  t i l l s ~ e .  It s h o w s  he!' much 

e n e r p y  i s  r e q u i r e 6  t o  p r c d u c e  o n e  d e g r e e  o f  p u l v e r i z e t i o n  

p e r  u n i t  o f  s o i l  v o l u n e .  

4. C c n c l u e i c n  

9, d e s i r e d  c l o l  s i z e  r ! i e t r iDu t ion  c e n  b e  n c h i e v e c '  hy  v e r y i n g  

t h ~  t i l l i n 5  p i t c h  r j f  r o t a r y  t i 1 l e . i .  C u t  t h e  f i n e r  t h e  c l o d s  
-, s h - l l  b c ,  t l i c  m o l e  gcwcr. i s  r e q u i r c c ' .  t i? :  power  r s q u i r e m e n t  

5s p ~ o ~ o r t i c n e l  t c  t h e  degree ;lf p u l v e r i z t t l c n .  It was s u r -  

p r i s i n g  t l i o t  t h e  r u n c t i o n  L,IF$; i n t e p - , n c : ~ n t  caf s c i l  m o i s t u r ~  

c o n t e n t .  T h i s  f ~ c t  i n d i c e t e s  ; c l o z e  conr7ec t i cn  O e t u e ~ n  

~ :n i l : t " . l i , t y  c ? s c c L l ,  ~ f f e c - i  o f  t i l l i n r  an$  pnwer  requiz.er ; ;er ; t  
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?. I : n i t t e l ,  H . :  Aurwirkunpen d e r  P ' i n ime lbes t e l l t echn i !<  auf  phy- 
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I l e  7th Conference of t h e  In terna t ional  S o i l  T i l l a g e  Research 

r ' rganizat ion,  Sweden, 1976. 

lletermination of  t h e  Upper T i l l a g e  L i m i t  f o r  sp r ing  t i l l a g e  by a  l a b .  

t e s t .  - 
F . F . R .  Koenigs. Laboratory of S o i l s  and F e r t i l i z e r s .  Agr i cu l tu ra l  

S t a t e  Universi ty.  Wageningen. Netherlands. 

Abstract .  

A method i s  described imi t a t ing  t h e  e f f e c t s  of sp r ing  t i l l a g e  on a  

micro s c a l e .  By t r e a t i n g  a  s e r i e s  of samples with increas ing  moisture 

content ,  observing t h e  r e s u l t s ,  t h e  c r i t i c a l  moisture content i s  

found. The grading is done by observat ion and can be quan t i f i ed  by 

measurement of t h e  p u l l  of a  s p a t u l a  and by s i ev ing  a f t e r  drying.  

Acetone drying and s i ev ing  d id  agree b e s t  with observat ion.  The method 

was c a l i b r a t e d  aga ins t  t h e  moisture content a t  sp r ing  t i l l a g e  of 20 

f i e l d s  belonging t o  20 experienced farmers 

In t roduct ion .  

I n  Holland t h e  spr ing  t i l l a g e  has t o  provide r e s u l t s  which can be use$ 

a t  once. Often t h e  s o i l s  a r e  t o o  wet f o r  successfu l  t i l l a g e  but post- 

ponement of  seeding can r e s u l t  i n  a  deccrase of y i e l d  up xo 1 percent  

per  day, Wind 1960. The farmers t r y  the re fo re  t o  prepare t h e  seedbeds 

as  soon as  poss ib l e .  The r e s u l t s  of t i l l a g e  a r e  consequently l imi t ed  

by t h e  smearing and puddling occurr ing  when a  s o i l  i s  too wet and s o f t  

t o  be worked and driven over .  Though most farmers a r e  q u i t e  ab le  t o  

chose t h e  r i g h t  moisture content some need of ob jec t iva t ion  e x i s t s ,  

e s p e c i a l l y  with a  view t o  fo recas t ing  t h e  r i g h t  moment of sp r ing  

t i l l a g e .  

Yethod. -- 
In order  t o  be appl icable  a t  a l l  t h e  method must be cheap n e c e s s i t a t -  

i ng  only a  small  quan t i ty  of s o i l ,  e .g .  1 kg. The l a s t  condit ion 

implies  t h a t  t h e  dimensions of t h e  model f i e l d  must be small  a l so .  Tk.e 

small  dimensions of t h e  f i e l d  e .g .  7 cm imply t h a t  only small  

v e l o c i t i e s  can be used, cm/sec in s t ead  of m/sec. The instrument f c r c e :  

which ac t  c h i e f l y  i n  a  ho r i zon ta l  d i r e c t i o n  a r e  s u b s t i t u t e d  by a  f o r - :  

with a  l a r g e r  compressive component a l s o  t h e  a c t i o n  has t o  be r epea t ,  1. 



!'13inciple. 

?ep l i ca t e  s o i l  samples forming a s e r i e s  of moisture contents  a r e  

vorked i n  a  s tandard way. The r e s u l t s  a r e  evaluated by s i g h t  and may 

be quan t i f i ed  by p u l l  measurements and s i ev ing .  The moisture content  

1 % below t h e  moisture content a t  which t h e  aggregates  a r e  enlarged 

and t h e  p u l l  i nc reases  sharp ly  i s  regarded a s  t h e  maximum moisture 

content f o r  sp r ing  t i l l a g e ,  t h e  9 p e r  T i l l a g e  - L i m i t .  

? repara t ion .  

The aggregate f r a c t i o n  2-4 mm i s  s ieved  o u t ,  a f t e r  f r eez ing  and 

drying i f  necessary. Six t o  10 por t ions  of 20 g a r e  f i l l e d  i n t o  pre- 

weighed s t a i n l e s s  s t e e l  d ishes  7 cm wide, f i g .  1. The aggregates  a r e  

tapped i n t o  a  t i g h t  packing with t h e  a id  of a  t i g h t l y  na i l ed  plank o r  

flower p r i cke r .  A s e r i e s  of  moisture contents  i s  e s t ab l i shed  covering 

t h e  range from pF 4 t o  - 2  o r  1 .5  i n  s t e p s  of 2 %. The water i s  appl ied  

evenly and dropwise from a 1 0  m l  p i p e t t e  graduated t o  t h e  t i p .  The 

d ishes  a r e  covered and l e f t  t o  e q u i l i b r a t e  overnight  i n  a  s a t u r a t e d  

atmosphere. 

: reatment . 
.s t o o l  i s  used a  200 g hammer with a  beveled head, s ee  f i g .  1. The 

!-:eight of t h e  hammer pivoted 20 cm from t h e  head i s  180 g ,  i t s  c r o s s  

sec t ion  a rea  i s  3.58 cm2 and t h e  pressure  50 mbar. This hammer i s  

dragged 80 t imes ac ross  t h e  d i sh ,  ha l f  way with r e spec t  t o  t h e  f a r  
0 

end; each time t h e  d ish  i s  r o t a t e d  a  160 . Care i s  taken not  t o  apply 

any e x t r a  compressive force .  The v e l o c i t y  i s  about 1 cm/sec. Adhering 

s o i l  is scraped o f f  a t  t h e  inne r  s i d e  of t h e  d ish .  Af ter  t h e  t e s t  t h e  

moisture content  i s  determined using t h e  d i sh .  Changes i n  s o i l  s t r u c -  

t u r e  during t h e  t e s t  a r e  recorded. 

C l a s s i f i c a t i o n .  

The aim of t h e  t i l l a g e  being t o  break up clods t h e  r e s u l t i n g  s t ruc -  

t u r e s  a r e  c l a s s i f i e d  according t o  aggregate s i z e .  0 means nothing has 

;hanged, e .g .  dry c lay  s o i l .  This mark goes up t o  +5 according t o  t h e  

,ercentage having a  diameter  2 o r  l e s s  than  t h e  o r i g i n a l .  When t h e  

: o i l  is g e t t i n g  t o o  wet an increas ing  por t ion  adheres t o  t h e  bottom 

~ n d  t h e  marks a r e  lowered accordingly passing through zero. I f  a l l  of 

.he s o i l  has been converted i n t o  a  s t i f f  shiny mass t h e  mark i s  -5. 



Q u a n t i f i c a t i o n ,  supplementary. 

The r e s u l t s  can be quan t i f i ed  by measuring t h e  p u l l  o r  t h e  s i z e  

d i s t r i b u t i o n  by s i ev ing .  A s  t h e  l a t t e r  method i s  r a t h e r  time consuming 

t h e  information gained w i l l  not  always warrant t h e  expenses. 

I. Pul l .  - 
With moisture contents  above t h e  U.T.L.  on working t h e  f i n e  fragments 

of  t h e  aggregates  a r e  s tuck one t o  another  and t o  t h e  bottom of t h e  

d ish .  The p u l l  then  inc reases  abrupt ly  with increas ing  moisture.  The 

p u l l  is measured with l i t t l e  cos t  us ing  t h e  s e t  up p i c tu red  i n  f i g .  2 .  

A r ec t angu la r  s p a t u l a  0.9 cm wide i s  pushed v e r t i c a l l y  i n t o  t h e  s o i l  

where t h e  th ickness  corresponds with t h e  average. The spa tu la  i s  then 

pushed away from t h e  balance and t h e  gram f o r c e  i s  recorded,  s e e  

f i g s .  3  and 4 .  Conversion of p u l l  i n t o  shear  s t r eng th .  The p u l l  of 

t h e  s p a t u l a  can be converted i n t o  shea r  s t r eng th  us ing  Mann's formula 

(1974) ( a l s o  Payne 1956) .cs = g. f . /4 .04  d ,  where d  = th ickness  of t h e  

s o i l  l a y e r  i n  cm. The l a t t e r  i s  measured with a  ca l iphe r .  

11. Size  d i s t r i b u t i o n .  

To ob ta in  a  s o i l  which can be s ieved  it has t o  be d r i ed  f irst .  During 

drying small  fragments a r e  of ten  cemented t o  l a r g e r  ones. To prevent  

t h i s  cementing t h e  water  can be replaced by acetone before  drying. 

11.1. Cheap s i ev ing  procedure. 

The aggregates  a r e  divided i n t o  t h r e e  c l a s s e s :  unal tered-smaller-  

l a r g e r .  A s  smal l  changes i n  form allow a  s i eve  f r a c t i o n  t o  pass  

through t h e  lower l i m i t  s i e v e ,  t h e  range of "unal tered" has been en- 

la rged  t o  1-4 mm. The e f f e c t  of acetone drying a s  shown i n  f i g .  3 is 

not  s t r i k i n g .  The method does not  r e g i s t e r  f u l l y  t h e  changes a s  

observed, upper p a r t  graph 3.  

11.2. Complete s i ev ing  a n a l y s i s ,  - Rela t ive  - Clod Surface Area. - - 
t 0 

The s o i l  is s ieved  through a  range of s i e v e s  from 10 mm down 0.05 mm. 

A s  permeabi l i ty ,  v e l o c i t y  of base exchange, a c c e s s a b i l i t y  t o  p l an t  

n u t r i e n t s  and s t r e n g t h  depend p a r t l y  on t h e  s p e c i f i c  e x t e r i o r  sur face  

a r e a  of t h e  aggregates ,  t h e  l a t t e r  is chosen a s  parameter. 

The Clod Surface Area is found by m u l t i p l i c a t i o n  of t h e  weight of t h e  

s i z e  f r a c t i o n s  with t h e i r  s p e c i f i c  e x t e r i o r  su r face  a rea ,  d iv id ing  

t h e  sum of t h e  a reas  by t h e  sum of t h e  weights. The s p e c i f i c  e x t e r i o r  

su r face  a rea  of  a  s i z e  f r a c t i o n  with diameter d  and dens i ty  p i s  
2 3  C 

S  = 6d /p .d (cubic  form), so Sc = 3.33/d. The mean diameter of a  
C C 

s i eve  f r a c t i o n  i s  assumed t o  equal  t h e  lower diamete- p lus  1 /3  of 

t h e  range. A s  t h e  assumptions a s  t o  form and dens i ty  may not hold ,  



tne Rela t ive  Clod Surface Area may be a  b e t t e r  parameter,  i . e .  t h e  

: a c t o r  by which t h e  sur face  area  of t h e  o r i g i n a l  s i eve  f r a c t i o n  has 

.'sen changed. 

1 .sample. 

Tn f i g .  3  t h e  v i s u a l  observa t ion  t h e  p u l l  and t h e  cheap s i ev ing  of 

i o i i  20, 32 % c l a y ,  5 % humus, 2.1 % lime a r e  p l o t t e d  aga ins t  t h e  

moisture content .  The agreement between observat ion and s i ev ing  i s  

only f a i r ,  t h e  top  a t  21 % not  showing with t h e  l a t t e r .  The r e s u l t s  

d e t e r i o r a t e  between 23 and 25 % and t h e  p u l l  r i s e s  sharp ly  t h e r e ,  

t he re fo re  t h e  c r i t i c a l  value i s  24 % and t h e  U.T.L .  l y ing  1 % below 

equals  23 %. When t h e  pF curve is a v a i l a b l e  it i s  of advantage t o  p l o t  

the  da ta  aga ins t  t h e  pF value a s  i n  f i g .  4.  Both l i m i t s  l i e  c lose  t o  

TF 3 ,  which rneans t h a t  some sharp drying has t o  occur before t h e  s o i l  

can be t i l l e d .  The X.C.S.H. a s  determined with acetone agrees b e s t  

v i t h  t h e  observa t ions .  

J a l i b r a t i o n .  - 
'?he number of draws of t h e  hammer was found a s  fol lows.  Twenty 

samples were co l l ec t ed  by U . D .  Perdok with t h e  moisture contents  a t  

spr ing  t i l l a g e .  The c lay  content  ranged from 14-48 % and t h e  humus 

content  from 1 .4  t o  5.4 %, a l l  were calcareous young polder  s o i l s .  The 

samples were prepared a s  described.  The moisture content  of one sample 

was brought t o  1 % above t h e  t i l l a g e  moisture and t r e a t e d  with t h e  

hammer. I t  proved t h a t  with 80 draws of t h e  hammer a  dense s t r u c -  

t u r e  was obtained.  This number was applied t o  a l l  s o i l s  with t h e  r e -  

s u l t  a s  shown i n  f i g .  5 and equat ion 1. 

U.T.L .  = 0.86F t 3.61 r = 0.904 P ( r  > 0.59) = $ % 

(F = f i e l d  moisture a t  t i l l a g e ) .  

That t h e  r e l a t i o n  is s l i g h t l y  askew i s  caused by t h e  first 7 samples 

from Flevoland, t h e  youngest polder .  The r ipening  had not come t o  an 

end i n  t h e  polder  but  d id  s o  during drying i n  t h e  l a b .  This  explana- 

t i o n  i s  corroborated by Perdok (1976) who us ing  an U . T . L .  determina- 

t i o n  based on a i r  permeabil i ty  a f t e r  s tandard compression found U . T . L .  

= 0.86 F t 3.17, t h e  same Flevoland samples ly ing  t o  t h e  r i g h t  of t h i s  

r e l a r ion .  The r e l a t i o n  of t h e  U.T.L.  t o  t h e  composition of t h e  s o i l  i s  

U . T . L .  = 0.34 ( %  c lay  + 4.55 % humus) rZ.xy = 6.913 
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MechanLical properties of precompacted soil as affected by the 
moisture content at precompaction. 

A.J. i(oolen,Depaxtment of agricultural Xngineering,Tiilage Labora:o- 
ry, Agricultural University,I.iageningen,The Netherlands 

ABSTUCT 
Compaction at seed-bedpreparation affects the resistance of the 
soil to furt:ler com2action at inter-row cultivation and harvest, as 
well as the energy needed for tillage to loosen the soil after the 
hamest. These interrelations are not yet fully understood.The 
present paper is intended as an introduction to the problem, offering 
a basis for soiutions and providing information on the strength of 
compacted soil as affected by the moisture content where compaction 
occurred. 

INTRODUCTION 
At the start of a growira season, the soil is compacted by field 

operations. During inter-row cultivation and harvest, the soil may 
be additionally coqacted. Mter the hamest, energy is applied to 
loosen the soil again. To make cropping as optimal as possible(i.e., 
to reach maxirum profits), it is necessary to know how these three 
sets of operations influence each other. Tihis paper is intended as 
an introduction to the problem of how the soil moistwe content 
prevailing at the start of the compacting seed-bed operations 
(precompaction) influences firstly any further compaction occurring 
during inter-row cultivation and harvest, and secondly the amount 
of energy needed for soil loosening after hararest. 

KSLXYMuT K5CmICAL P20PmTIES OF SOIL 
Soil loosen* by a plow and soil compaction under wheels are 

processes depending on: properties of the plow and wheel; system 
properties such as working depth, travelling speed, etc.; and 
mebhanical properties of the soil pertinent for the process in 
question* The ways in which the processes in question depend on 
these properties form a subject formally called soil dynamics in 
tillage and traction. 
Many methods are available for measuring the mechanical properties 
of soil, including tensile strength determination, the unconfined 
compression test, the tri-axial test, the uni-axiaj. compression 
test, and the compaction test applying hydrostatic pressure. 
Indications have been obtained that the unconfined compression test 
is preferable for soil-loosening processes and the mi-axial 
compression test for compacting processes. 
Uni-axial compression test. In this test a piston which madually 
compresses soil in a cylinder is used(fig.la). 
BY measuring the mean Dressure on the oiston( d) and tne soil 
~rosity(~)~continuous~~ during the test, a j;;":~ relationship can 
be detemined. The lateral strain is zero and the q/c  ratio is 
about 0.5. From the stresses within a soil mass under a whsel, the 
largest principal stresses T' can be estimated with reasonablk 
accuracy, but the ~7/? ratios are not known. Eowever, our 
calculations on data measured in tri-axial tests by other authors 
(1,2) indicate that the pr-P relationship is not greatly affected by 
the -7 / .< ratio. Therefore, the $ -P relationship measured in a 



uni-axial test can be considered valid for compaction under wheels. 
This test has the acivantage of being relatively simple to perfom. 
Unconfined compression test. In this test a soil cylinder(height 
10 cm, diameter 5 cm) is failed by two pressing plates(fig.lb), and 
both failure stress % and failure strain F are measursd at the 
moment of failure. f 

cylinder 
piston 
soil 

fig. la 

transducer s 
top plate 

, .. . .- . . . . 
::::x:::: 

, . .. . .. . . . . soil 
, . . . . .. . .. . , . . . . .. . .. . , . . . . . . . . . . 

bottom plate 

I 
I 
fig. 7b 

For a small curved blade operating in several types of soil, the kina 
of soil failun(shear-plane failure, steady cutticg, or openirack 
formation) could be predicted from and E+ (3). In scale model 
research with earthnoving equipment, "scaling" of soil strength was 
quite successful on the basis of and Ed ( A ) .  The unconfined 
compression test too is relatively simple. On the basis of these 
findings it is concluded that: compaction invoived in seed-bed 
prepcaration can be simulated by uni-axial compression of initially 
loose soil, uni-axial compression of precompacted soil &nul.ates 
further compaction at inter-row cultivation and harvest, and soil 
loosening after harvest can be simulated by the unconfined compression 
test. 

D~~IPJATION OF TBE m E C T  OF THX ~fOISTtlB C O ~ ~  AT PRECOMPACTION 
The moisture content(m.c.) at precompaction affects the strength 

of precompacted soil via two phenomena; 1) the n.c. at precompaction 
influences the degree of compaction reached at precompaction, and 
2) the m.c. at precompaction influences the micro-structure of 
prccompacted soil. 

Since the first of these phenomena has been investigated 
extensively, but the second much less, the following is confined to 
strength effects of the m.c. at precompaction to the extent that 
strength effects were measured in precompacted samples having equal 
porosities and eaual moisture contents at the time of testing. The 
data derive in part from +he literature and in part from research 
done in our laboratory. For the sake of completeness, these data are 
not confined to uni-axial and unconfined tests. .. . . . . - -- 
Moisture content is expressed as a percentage of dry weight. 
P.2.Day and ~.~.~olmgren(5): In this work portions of aggregates 
?size fraction 1 to 2 mm) moistened by adding crushed ice, were 
precompacted to obtain soil blocks. These blocks were allowed to dry 



under roca conditions until equilibrim was reached, after which the 
resistance .to crrmbiing was estimated by manual crumbling of the air- 
dried blocks(see Table 1). 
morecht Gerlach(6) Portions of sieved Cry loam soil were ~oistened 
by mist spraying, and t h m  co~npacted to form soil briquets. After 
this precompaction, the desired changes in moisture content were 
obtained by adding water op by drying under room conditions. The 
tensile strength of the briquets was the= neaswed by bending tests 
(see Table 2) .  .- - , - 
H. Kuipers and 3. Kroesbergen(7): Almkerk silty clay passing thro-zgh 
a 10 mn screen, was moistened by the addition of water. After 
precompaction,the m.c. was chan,;ed by adding water or by drying under 
room conditions. 30th the m.c. at precompaction and the m.c. at 
testing were varied. Testing consisted of measurement of the shear 
strengths st zero norm1 load in a torsion shear apparattls(fig. 2). 

2 -3 
shear ?*., 
strength 
( bar ) 

0 9 

B at testing 45 % 
5.c. at precompaction, % 

26.87 

20 21 22 23 24 25 26 

m.c. at testing, % + 
fig. 2 

Uni-axial conpression tests 
a) A given amount of aggregates of ~.&&erk silty clay(size fraction 
2 to 3.4 mm, m.c. 1%) was divided Lito two parts, on of which was 
moistened by the addition of water to obtain a m.c. of 25.6% and the 
other dried under room conditions to obtain a m.c. of 18.3;. After 
being precompacted to reach 5Wb porosity, both soils were dried 
under room conditio~s to about l'@ m.c. before bebg subjected to 
further compaction to determine the uni-axial compaction pressures 
needed to reach 4% porosity(f ig. 3) .  
b) One part af a given amount of hiagenicgen silty clay loam which 
passed a 3 mm screen and had an initid m.c. of 20fi was moistened to 
27$ m.c., precompacted, and dried to 2@$. Several degrees of 
precompaction were applied. Testing consisted of further compaction in 
uni-axial compaction tests. The second porticn was both precompacted 
and tested at 2%maic. The necess&y changes in m.c. were effected by 
addine crushed ice or by dryiqg under room conditions. No effect of 
the m,c. at precompaction was found for any of the degrees of 
precompaction applied, In these tests the level of compaction 
pressures was lower th?n in the tests mentioned under point a. 



Table 2 

Soil type 

Silty clay loam 

Clay loam 

I 

Table 3 

N.c. at 
precompactioa 

25.s 
16.7 

25.6 
19.5 

N.C. at 
precompaction 

7% 
14~; 

7% 

bulk density 
at testing 

1.22 gms/cc 
~t 

0.85 

Changes in m.c, between 
precompaction and 
testin&& 

none 

dryiz:~ to 7$ 
moistening to 3.4$, then 
dry* to 72; 

J 

soil 
strength 

we& 
firm 

weak 
very weak 

m.c. at 
testing 

7% 
7% 
7b 

. 
tensile 
strength 

0.25 bar 

1.00 

0.50 
- 

i 

no. 

1 
2 
3 
!L---, 
mean 

5 

m.c. at 
testing 

m.c. at 
precompaction 

27% 
27 
27 
27 

27 

20 

porosity 
at testing 

6 
17 

20 20.07 1 50.2 
20 20.34 I 50.2 

Oe49 
0.49 

-----------------.-------- 0.41 
0.47 

2.0 
2.5 
2.7 

2.4 

% 
19.26% 50.5-h 
19.79 50.5 
20.12 50.5 

......................................... 3-9-84 50.5 

9 
10 
11 
12 ---- 
mean 

13 
14 
15 
16 

mean 

' &BE 
0.89 bas 
0.87 
0.82 
0.89 

0.87 

0.47 

19.75 

8 20 4 -------- 20.66 -50.2 

2.5% 
2.2 
2.5 
2.7 - 
2.5 

2.3 

50.5 

meac 

19 18.91 1 50.6 0-47 2.2 
19 18.61 1 50.6 0.43 2 . 1  
19 18.94 / 50.6 2.0 
19 18.98 50.6 2.2 

1 

19 
I 

18.86 50.6 , 0.47 1 2.1 

20.08 50.2 

20 20.28 1 50.2 

13 
13 
13 

............................. 13 
13 

18.78 
18.60 

50.4 I 0.22 4. 1 
0 21 4.1 

18.49 
18-73 4 I -------- $" 1 0:" 0.22 4.2 4.0 

18.65 50.4 0.22 1 4.1 



a, needed 1 
ta compact 
t o P = 4 5 %  -I0 m .  at preconpaction, % 
I bar 1 

9 

8 18.5 

7 25.6 

14 15 16 ?? I 8  19 
m.c. at testing, % --+ 
fig. 3 

Unconifirled compression tests 
a) Water was added to Wagenhgen silty clay loam which passed a 3-mm 
screen and had an initial m.c. of 1 ,  to obtain two samples, one 
having a m.c. of 27% and the otiier 2@. After both parts had been 
precompacted, the wettest soii was dried under room conditions to 
obtain a m.c. of 2076. Testing was performed by trimin@; soil cylin- 
ders and meamring the .* and t ' ,  in them. m e  results are shown in 
Table j(numbers 1-6). I: f 

b) A certain amount of Wageningen silty clay lorn which passed a 3-mm 
screen and had an initial U.C. of lY$ was divided into two parts, one 
of which was moistened to 1% with crushed ice, precompacted, and 
tested. The other part was compacted before being moistened to 1% 
with ice. (see Table 3, numbers 9-16). 

DISCUSSIOX 
The results of these studies indicate that the effect of the m.c. 

at precompaction is maxim1 in tests that subject soil samples to a 
minimum degree of confining pressure, thus in tests in which it is 
primzsiQ +he bonds between soil particles that deternine the test 
results. In tests where the results are dominated by soil bands, a 
higher m.c. at precompaction results in g-reater soil strengths, but in 
tests including further compaction the opposite seems to hold. Day 
and Eolmgren0s measurements on Yolo silty clay lorn form an exce?tion 
to this, and fig.&shows a rznge of precompaction moisture contents 
in which there is no effect at all. It should be noticed that the 
effect of the precompaction m.c. is hardly distingaishable from the 
effects Mnerent in drying and moistening processes occurring between 
precompaction and testing. According to Gerlachrs results, these 
drying and moistening processes do influence the measurements. The 
unconfked compression tests indicate that $he precompaction m.c. may 
or may not affect failure strain E . 
It is clear that a physical model 2 s needed to provide insight into 
theinterrelations between precompaction, changes in m.c. and testing. 
This model should be based on strength factors, for instance: the 
number of soil particles in a unit of volume, which is the coml~lement 
of porosity; the distribution of soil particles in space, which is 
related to pore-size distribution; the vo1umei;ric moisture content 
(cm3/cm3); soil-water distribution within the soil; the bonds at points 
of contact between solid particles not arising from soil moisture 
tension; and the distribution of these bonds. 
In addition the model should include: 
1) how the strength factors alter when soil is precompacted, 
2) what alterations occur in the streqth factors auc to drying or 

wetting,etc., between precompaction and testing, and 



3) how the results of mi-axial compression end unconfined coqsession 
tests depend on the strength factors. 
A contribution to the third problem is given in fig.4, which shows 

the results of tests on samples having &he same total moi~turce contents 
(2C$), but consisting of parts with various moisture contents. 

6: Q 'tff 
(bar) (bar) (% 

Wageningen silty clay loam 
Porosity = 50 % 
Mean m.c. = 20 % 

unconfined 
compression 

A---@j-B 

uniaxial 
compression 

difference in m.c. - between A and B ( % ) 

In this figure, is the pressure needed to reach 5@ porosity in a 
uni-axial compression test in which the m.c. of the upper  half(^) of 
the sample differs from that of the lower idf (A). $ and fd were 
obtained in unconfined compression tests on samples whose central 
parts(d) have moisture contente differing froni those of the outer a d s  
(B). It is cleaz. f m  these fhdings that unconfined compression tests 
can be WghIy susceptible to local dEffermc~s in m.c. wit- the 
sample. 

Attempts to elaborate a physical model on the baais of the dafa in 
the literature raise mnqy questions which can only be aswered by 
further research. 

5 )  Bailey,A.C.;VsnaenBerfi,Z.E. YieldLng by compaction and shear in 
unsatPrated soils.~s.h.Soc.wic.~s.1968 11 ( 3 )  337 .- . - 
2) Donlap,W.H.;Weber,J.P.. ~om~&i;ion of & unsaturated soil under a 
general state of stxess.Trans.h.Soc.agric.Zngmf 1971 14 (4) 601 
3) Ko01en~A.J. Failure patterns in different soils produced by a 
c w e d  blade with a d l  angle of approach.I'roc.Subject Day on the 
mechanical behaoiour of agricultural soil. Bcp.7,natn.Inst.agric. 
E$gng.Silsoe,l973. 
4) Carpenter,T.G. Utilization of artificial soils for earthmoving model 
studios.Ph.D.Thesis,Mississippi State Univcrs i ty ,S~~i11e9Misse1969  
5) Imy,P.B.;Holmgra,G.G Microscopic changes in soil structure during 
compression.Soi1 Soi.Soc.kmer.Proc.,l952 16 (1) 73 
6) Gar1ach.A. Physikalische Unterauchungen Zber die zwischm den Boden- 
teilchen wirkendan L-ffffe.Gs~gn.d.Landtechn,,1953 Eeft 5 81. 
7) Kuipers,E.;Kroesber@;en,B. The sigificance of moisture content, 
pore space, metho3 of sample preparation and type of shear annulus 
used on laboratory torsional shear testing of soils. J.Terramechanics, 
1966 3 (4) 17. 
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Landapplication of liquid .- manure, funda~ental 

miren;ents -- and new techniques 

R. Krause, C. Sommer, Y. Zach +) 

The main objections against the landapplication of 

liquid manure are olor enissiones and the danaer of 

water pollution. To prevent these dangers should he 

the aim of each farmer not only because of a general 

sanitation but because evissiones, leakage and run off 

are losses of costly nutrients at the same time. To 

succeed in this effort manure has to be covered with 

soil immediately xfter spreadin5 to prevent odor and 

gaseous losses and to be distributed and mixed very 

intensively with soil for optimal storaae and plant 

nutrition. Different techniaues suitable to combine 

optimal utilization of nutrients and concerns of 

environment control are discussed. 

+) Dr.-fna. E. Krause, Dr.-Inu. C. Sommer and Dip1.-Icg. 

M. Zach are research enqineers in the Forschunqs- 

anstalt fiir Landwirtschaft in Braunschweig-Valkenrode, 

F.R. Germany. 



Landapplication of l i q u i d  manure, fundam~nta l  requirements 
and new technicues 

Introduct ion 

Liquid manure has induced a l o t  of publ ic  discussion and 
a c t i v i t i e s  i n  research a s  w e l l  a s  i n  l e g i s l a t i o n .  Two mair. 
po in t s  a r e  discussed: 

1. Odor and water po l lu t ion ,  t h a t  means environmental 
con t ro l ,  

2. s u i t a b l e  and optimal app l ica t ion  i n  p l a n t  production. 

The t r a d i t i o n a l  technique of app l ica t ion  has t o  be adapted 
t o  t he  changing s i t u a t i o n  i n  animal and p l a n t  production. 
a s  w e l l  a s  t o  t he  publ ic  i n t e r e s t  i n  general  s an i t a t i on .  
The more expensivemineral f e r t i l i z e r s  become t h e  e a s i e r  
the  environmental problems can be solved, e spec i a l l y  f o r  
animal holdings with no o r  not  enough land t o  spread t he  
manure, because of t h e  increas ing market f o r  manure, an6 
t he  decreasing pressure t o  look f o r  p o s s i b i l i t i e s  t o  Get 
r i d  of t h i s  product. 

Regarding landapplicat ion of l i u u i d  manure the  s o i l  has 
t o  f u l f i l l  t h r ee  main tasks :  To be 

1.  s t o r e ,  f i l t e r  and reac to r  f o r  t h e  l i q u i d  and s o l i d  
phase of manure including a l l  n u t r i e n t s  and o ther  
contents ,  

2. seedbed with optimal p l an t  n u t r i t i o n  an2 micro 
cl imate a s  w e l l  a s  anchorage, 

3 .  roadway f o r  t r a c t c r ,  tanker  and implement. 

Functions of t he  s o i l  

1. The s o i l  a s  s t o r e ,  f i l t e r  and reactor :  

Odcr and water po l lu t ion  a r e  t h e  makn objec t ion  t o  t he  
landapplicat ion of manure. Odor emissions can be reduced 
comparatively easy by regarding weather, d i r ec t i on  of 
wind, d i s t ance  of l i v i n g  and rec rea t iona l  areas ,  t i m e  of 
day, season, spreadin9 equipment and techniques and soon 
incorporation. Measurements with t h e  olfactometer  show 
t h a t  emissions can be prevented immediately and more o r  
less t o t a l l y  independent of t he  procedure by covering 
l i q u i d  manure with a t  l e a s t  a t h i n  l ayer  of s o i l ,  bu t  t h a t  
odor emissions can be reduced already remarkably by a f l a t  
curve of t h e  manure stream c lose  t o  t h e  su r face  ins tead 
of t he  s tandard procedure. 

More se r ious  i s  t he  problem of water polPution and l o s se s  
espec ia l ly  applying high r a t e s  of l i q u i d  manure. Trying 
t o  f ind  t he  maximal t o l e r a b l e  app l ica t ion  r a t e  w e  have 
t o  separa te  t h e  hydraul ic  capaci ty of t he  s o i l  ( t he  water 
holding o r  f i e l d  capaci ty)  and t h e  chemic capaci ty 



(mainly exchange c a p a c i t y ) .  Both. l i m i t s  should n o t  be 
exceeded. 

Besides  t h e  s p e c i e s  o f  p l a n t ,  t h e  r o t a t i o n  and some l o c a l  
f a c t o r s  a s  soi l  type ,  s o i l  cond i t i on ,  b i o l o g i c a l  a c t i v i t v  
and a c t u a l  f e r t i l i z i n g  t h e  deqree  o f  l eakage  o f  n u t r i e n t s  
depends a l s o  on t h e  mechanical t r ea tmen t  o f  t h e  s o i l .  The  
oxygen supply,  corresponding t o  t h e  pore  space ,  which 
aga in  mainly depends on mechanic and c e n e t i c  compaction 
and loosen ing  and t h e  temperature  i n  t h e  s o i l  t h a t  means 
a l s o  t h e  dep th  of i nco rpo ra t ion ,  i n f l u e n c e  t h e  s t o r e ,  
f i l t e r  and r e a c t o r  c a p a c i t y  of s o i l .  But even more 
r e s p o n s i b l e  f o r  t h e s e  func t ions  i s  t h e  a c t u a l  i n n e r  
s c r f a c e  o f  t h e  s o i l  and t h e  chance o f  l i c u i d  manure t o  
meat such f r e e  s u r f a c e  - t h a t  rreans s o r p t i o n  complexes - 
by i n t e n s i v e  mixing o f  l i c u i d  rranure and s o i l .  The b e t t e r  
t h e  d i s t r i b u t i o n  o f  l i q u i d  manure i n  t h e  upper t i l l e d  
hor izon ,  t h e  s m a l l e r  i s  t h e  danger o f  i n f i l t r a t i o n  and 
run o f f  . 

2. The s o i l  a s  seedbe l  

I f  an i n d i v i d u a l n u t r i t i o n o f  d i s c r e t e  p l a n t s  i s  n o t  
p o s s i b l e  w e  should t r y  t o  reach  a very c o n s t a n t  d i s t r i -  
b u t i o n  o f  f e r t i l i z e r  a l l  over  t h e  seedbed t o  guaran tee  
ill1 t h e  p l a n t s  t h e  sane  amount o f  f e r t i l i z e r  a t  t h e  same 
t i m e .  There should  a l s o  b e  a  s u i t a b l e  v e r t i c a l  d i s t r i -  
b u t i o n  t o  make t h e  n u t r i e n t s  a v a i l a b l e  f o r  t h e  r o o t s .  

Because t h e  t i r e  of  a p p l j c a t i o n  is  d e c i s i v e  f o r  t h e  
e f f i c i e n c y  o f  f e r t i l i z i n q  w e  should t r y  t o  a p p l i c a t e  
a s  hiqh an amount o f  t h e  manure as p o s s i h l e  j u s t  b e f o r e  
o r  du r ing  v e g e t a t i o n  t o  p reven t  h iqh  l o s s e s  d u r i n s  w i n t e r  
t i m e .  But t h i s  is  a problem of s t o r a s e  a s  w e l l  a s  o f  
t iming.  

3 .  S o i l  a s  roadway 

The t r a f f i c a b i l i t y  o f  s o i l  i s  i n  c l o s e  c o r r e l a t i o n  w i t h  
t h e  t i m e  o f  a p p l i c a t i o n  and c o n d i t i o n  o f  t h e  s o i l  on one 
s i d e  and t h e  s i z e  o f  t anke r  and t h e  t e c h n i c a l  eauipment 
i n c l u d i n g  t ires on t h e  o t h e r  s i d e .  There a r e  l i t t l e  
problems wi th  t h e  l a n d a p p l i c a t i o n  be fo re  o r  durir .9 
s t u b b l e  mulch, when t h e  s o i l  i s  d rv  and hard.  But 
t r a v e l l i n g  on sur face-spread  manure f o r  i nco rpo ra t ion  
i n  t h ' e , ' t r a d i t i o n a l  way causes  an inc reased  compaction 
and s l i p p a q e ,  t h a t  means danage o f  s o i l  s t r u c t u r e .  DeeD 
t r a c k s ,  e s p e c i a l l y  i n  s ~ r i n g  cause  d i f f i c u l t i e s  i n  seed- 
bedprepara t ion .  D i r e c t  i n j e c t i o n  b e h i n l  t h e  t a n k e r  i s  
an e v i d e n t  improvement, b u t  a l t e r n a t i v e  s o l u t i o n s  a r e  
d i scus sed  i n  t h e  fo l lowing .  

The techniaue  o f  i nco rpo ra t ion  - 
Three d,emands cen be deduced. from t h e  p rev ious ly  s a i d :  



I .  Covering of liquid manure with soil as soon as 
possible to prevent odor emissions and run off, 

2. even dissemination and intensive mixing of manure 
and soil to prevent losses by infiltration and surface 
run off as well as for optimal plant nutrition, 

3. landapplication at an optimal time concerning the 
demand of the plant and reqarding the trafficability 
of the soil. 

The most popuiar inplement of the new generation for the 
landapplication of liquid manure is the tine injector 
consisting of a beam with several small tines behind the 
tanker. The manure is pumped through distributor and tubes 
into the ditch 1ef-t behind each tine. Normalljr the odor 
problem can be solve6 with this implement but with small 
tines about 5C cm apart as usually the distribution of 
liquid manure in the soil is poor (figure 1). 

1 G 8 8 tubes 
$ injector 

0 0,5 1,O 1.5 rr 2.0 
width 

Fig. 1: Theor. pattern of distribution of liquid 
manure incorporated with a tine injector 

To improve the distribution and takins into account the 
power requirement and the well known progressive increase 
of soil resistance with depth we have to incorporate 
manure as shallow as possible and over tine total width of 
the impleqent. Goose feet shares as used by IMAG Wage- 
ningen coald be one step ic this direction. But in prin- 
ciple all tillage implements furnished with distributors, 
tubes and possibly splash plates at the ends of the tubes 
are suitable for the incorporation of manure (figure 2). 

An optimum concerning distribution and mixing is the incor- 
poration of manure by active - pto-driven - implements. 
Injecting liquid manure in the soil flow behind the rota- 
vator total covering as well as a sufficient mixing arid 
vertical distribution are possible (figure 3). 

The wanted horizontal distribution depends on the spacing 
of the tubes and on the pattern of distribution caused 
by splash plates at the end of each tube (fiaure 4 ) .  
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Landapplication systems 

Three different systems are investigated at the moment: 

1. Two tractors going side by side (tandem) one carry- 
ing the mounted implement mouldboard or dise plow, 
rotating plow, chisel plow or rotavator) with the 
distributor, the second with the trailed tanker, 
the manure pumped through a connecting hose, 

2. the tillaqe implement is - as known from injectors- 
mounted on the rear end of the tanker, 

3. tractor with mounted implement the manure being 
supplied through a long, flexible hose from the 
stationary pipe or from a tanker remaining on the 
road. 

In the tandem systen different available tillage imple- 
ments suitaSle for the specific soil conditions can be 
used. The landapplication of manure can be combinated with 
necessary tillage operations - that means no extra costs 
for the incorporation - provided the storage capacity an5 
organization are surfficient and suitable. To increase 
the efficiency of the system several tankers can be opere- 
ted - depending on the distance from storage to field - 
in order to supply liquid manure continuously to the 
tillage implement. Besides the 8isadvantage of operating 
two or more tractors at the same time this system seems 
to be suitable for plane and not too small fields. 

A tanker mounted implement requires a heavy tractor. The 
operation of the implement cannot be watched from the 
tractor. The efficiency is low at least when the transport 
has to be performed with the whole unit. 

The hose system seems to be restricted to very steep h i l l s  
fields where the trafficability forbids the operation of 
heavy tankers and to the application of high rates like 
in sludge disposal. 

Practical field tests with the dieerent systems and high 
rates of manure prove the superiority of rotavator incor- 
poration concerning a minimum of leakage of nutrients and 
the highest yields of silo maize. Segarding the practica- 
bility and especially the costs of landapplication we have 
to compare all the mentioned alternatives with their pro 
and contra keeping in mind the optimal utilization of 
costly nutrients as well as the public interest in suffi- 
cient and high quality food and general sanitation. 



7 The 7 t h  Conference o f  th,2 1ntsrnni;icjn;ll S o i l  Ti1l;;e !.e- 
s e a r c h  O r s a n i z z t i o n ,  Sweden, 1976 

? r o b l e n s  or^ straibr mixing :hrith heavy c u l t i v e t o r s  i n  plou;;!!- 

l e s s  t i l l a g e  sys tems and consequences f o r  seed  bed p r e p a r a -  

t i o n  and s e e d l i n g  emergence. 

Uip1.-1ng.agr.  K a r l h e i n z  K s l l e r ,  I n s t i t u t e  o f  A g r i c u l t u r a l  
Eng inee r ing ,  U n i v e r s i t y  o f  Iiohenhein, S t u t t g a r t ,  Gerrnany 

a b s t r a c t :  
A s  more and more farmland i s  c u l t i v a t e d  f o r  s m a l l  g r a i n s  and 
h i g h e r  y i e l d s ,  t h e  amount o f  straw produced i n  t h a t  way ri- 
s e s  t o o .  
Using t h a t  s u r p l u s  o f  stravr, i n s e r t i n g  straw i n t o  t h e  s o i l  
g e t s  i n c r e a s i n g  impor tance .  I n  t h i s  connexion b e t t e r  i n p l e - -  
n e n t s  and work p r o c e d u r e s  are demanded. The p lough,  b u r y i n &  
t h e  straw seems t o  be  u n s u i t a b l e  f o r  t h i s  purpose .  S o - c a l l e d  
" c o n s e r v a t i o n  t i l l a g e  sys tems" ,  which are a l r e a d y  viidely 
s p r e a d  i n  t h e  USA ( 1 )  have n o t  been i n  use  i n  o t h e r  coun- 
t r i e s  s o  far .  
Th i s  i s  why we have been t r y i n g ,  t o  use  heavy c u l t i v a t o r s  
f o r  mixing straw i n t o  t h e  s o i l  ( 2 , 3 ) .  
Refe rences  : 
( 1 )  Wittmus, H . D . ,  T r i p l e t t ,  J r . , G . B . ,  Creb, B.W.: 
Concept o f  c o n s e r v a t i o n  t i l l a g e  sys tems u s i n g  s u r f a c e  mul- 
ches . .  Conse rva t ion  t i l l a g e ,  t h e  p roceed ings  o f  a n a t i o n a l  
c o n f e r e n c e ,  p.5-12. S o i l  Conse rva t ion  S o c i e t y  o f  Aner ica ,  
Ankeny, Jowa, 1973 
( 2 )  S t r o p p e l ,  A . ,  K S l l e r ,  K . :  Der T i e f g r u b b e r  i n  d e r  Prim5r- 
bodenbearbe i tung  Landtechnik ,  29 (1974) ,  8 ,  p  .330-336 
( 3 )  K s l l e r ,  K., S e u f e r t ,  A . :  V i e l e s  s p r i c h t  f u r  den T i e f -  
g r u b b e r ,  M i t t e l l u n g e n  d e r  DLG, 90 (1975) ,  8 ,  p.458-466 

I n  v a r i o u s  exper iments  we have been i n v e s t i g a t i n g  whether  

heavy c u l t i v a t o r s  can be used i n  p l o u g h l e s s  t i l l a g e  s y s t e n s -  

If straw i s  used as manure every  y e a r ,  i t  i s  of  h i g h  i m -  

p o r t a n c e  f o  f i n d  o u t  which i s  t h e  b e s t  !gay of  mixing s t r a w  

i n t o  t h e  s o i l .  

It i s  d e s i r e d  t h a t  

1) t h e  s t r a w  s h o u l d  be  d i s t r i b u t e d  comple te ly  n e a r  t h e  s o i l  

s u r f a c e  s o  t h a t  it nay r o t  w e l l  and t h a t  

2 )  t h e  f o l l o w i n g  o p e r a t i o n s  f o r  s e e d  bed p r e p a r a t i o n  and so-  

; i ing s h o u i d  be p o s s i b l e  w i t h o u t  b l o c k i n g .  

To a c h i e v e  t h a t  

1) t h e  straw s h o u l d  be chopped a s  s h o r t  as p o s s i b l e .  

2 )  i t  s h o u l d  be d i s t r i b u t e d  c o n p l e t e l y  on t h e  s o i l  s u r f a c e .  

3 )  t h e  s t u b b l e  s h o u l d  be as s h o r t  as p o s s i b l e .  

Xo good i n c o r p o r a t i o n  of  t h e  straw i n  t h e  s o i l  can be ex- 

p e c t e d  if one of  t 5 e s e  c o n C i t i a n s  can :~o t  be f u l f i l l e d .  



Success fu l  o p e r a t i o n s  w i t h  c u l t i v a t o r s  a r  on ly  p o s s i b l e  i f  

1) t h e r e  i s  s u f f i c i e n t  c l ea rance  between c u l t i v a t o r  p o i n t s  

and t h e  base  of t h e  frame (about  75 cm) 

2 )  zhe d i s t a n c e  between t h e  t i n e s  i n  each d i r e c t i o n  i s  about 

70 c a  (Adjus tab le  t i n e s  Should be provided f o r  f l e x i b l e  spa-  

c i n ~  o f  t h e  t i n e s  f o r  p a r t i c u l a r s o i l  and straw c o n d i t i o n s ) .  

j )  tile number and arrangement of  t i n e s  a r e  chosen i n  such a 
yay t h a t  t h e r e  i s  a  d i s t a n c e  of about 25 cm between t h e  cu l -  

t i v a t o r  furrows. 
2 )  supplementary cul t ivator-mounted implements f o r  ground 

l e v e l l i n g  and f u r t h e r  crumbling a r  used.  (Theyhardly i n -  

f l uence  t h e  mixing i f  t h e r e  a r e  no d r iven  implements bu t  

t h e y f a c i l i t a t e  t h e  fo l lowing  pas ses  and o p e r a t i o n s ) .  

5 )  t h e  s o i l  i s  c u l t i v a t e d  twice  (at r i g h t  a n ~ l e s )  and 

6 )  a t  d i f f e r e n t  depths:For  t h e  f i r s t  t ime f l a t  (10-15 cm) 

f o r  t h e  second t ime deeper (20-25 cm) wi th  a working speed 

about 8-10 km/h. 

fi comparison between a s p r i n g  t i n e  c u l t i v a t o r  and a ( s p r i n g  

loaded)  r i z i d  t i n e  c u l t i v a t o r  may show some r e s u l t s  of  m i -  
x ing  s t r aw  i n t o  t h e  s o i l .  

In  t h i s  experiment 56 d t / h a  o f  chopped straw were i n s e r t e d  

i n t o  a  clay-loam s o i l .  82 p e r  cen t  o f  t h e  chopped straw were 

s h o r t e r ,  18 p e r  cen t  l onge r  t han  10 cm. 

F igure  1 

;jho:!s tht t t  bo th  c u l t i v a t o r s  p laced  most of  t h e  s t r aw  i n t o  

t h e  l a g e r  of  0-5 cm. Also i n  5-10 cm both  i n s e r t e d  r a t h e r  
t : l e  same q u a n t i t y  of  straw. It i s  remarkable t h a t  t h e  s p r i n g  
t i n 2  c u l t i v a t o r  n i x e s  l e s s  s t r aw  i n t o  t h e  depth 



of  10-15 cm t h a n  t h e  r i i ; i u  t i n e  " u l t i v a t o r .  'Tine r s a s o n  i 'or  

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

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

: ; o i l .  A l thouzn  t h e  v o r k i n t ;  d e p t h  was a d j u s t e d  a t  20  crfi i jo t5  

c u l t i v a t o r s  d i d  n o t  p l a c e  t h e  s t r a l r  i n t o  t h e  l x j e r  o f  15- 

20 cm. T!ijt rwzans t h a t  i t  nay  3e  n e c e s s c a r y  t o  a d j u s t  t h e  

c u l t i v a t o r  f o r  a d e p t h  o f  20 c n  f o r  nixin[:  t h e  s t r a w  i n  t n e  

l a y e r  o f  lj cn .  

Changing s t r e c g t h  o f  s o i l  and  d i f f e r e n t  d i s t r i b u t i o n s  o f  

t h e  l e n g t h s  o f  choppec:, s t r u ~ ; :  ;.:.re t h e  n;air; r e a s o n s  vhy wor- 

L i n g  d e p t h  and m i x i n g  Cepth  dono t  c o r r e s p ~ 3 n d .  The a n a l y s i s  

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

o v e r  t h e  n i x i n g  h o r i z o n  e x p l a i n s  t h e s e  r e l a t i o n s  f o r  t h e  

e x p e r i m e n t  men t ioned  above .  T h e r e  a r e  ratner t h e  same r e -  

s u l t s  f o r  5 0 t h  c u l t i v a t o r s .  " i t h  i r i c r e a s i n g  mix ing  d e p t h  

t h e  p a r t  o f  straw l o n g e r  t ! ian 10 c n  d e c r e a s e s  c l e a r l y . S t r a v  

l o n ~ e r  t h a n  1 5  cm c a n n o t  be p l a c e d  d e e p e r  t h a n  I 0  cm. On 

t h e  o t h e r  h a r d  t h e  p e r c e n t a g e  o f  s t rap:  s h o r t e r  t h a n  5 c n  

i n c r e a s e s  w i t h  i h c r e a s i n i  d e p t n  :::?ile t h e  s t r a w  v i t n  t h e  

l e n g t h s  5-10 cm r e m a i n s  r e t h e r  c 9 n s t a n t  t h r o u g h o u t  t h e  

?:hole m i x i n g  d e p t h .  

i l l u s t r a t e s  t h e s e  s t a t e n e n t s  f o r  t h e  l e n g t h s  o f  0-5 c c  and  
, - 12-22 c 2  o f  c h o p p e d  s t r a v  >::i-ich i s  g u t  i n t o  t n e  s o i l  by 2 

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

L t  c an  b e  s e e n  t h a t  t b  a c 3 5 e v e  a  good m i x t u r e  80 p e r  cer. t  

of t h e  chopped s t r a w  s h o u l d  b e  s h o r t e r  t h a n  1 0  cx .  To be  

a b l e  t o  c o y p y r e  t h e  ni:iir,:^ oerr 'orc?.nce o f  c u l t i v a t o r s ,  o t i l e?  



exper iments  have been made wi th  t h e  r o t a r y  c u l t i v a t o r  which 

i s  u s u a l l y  cons idered  a very good mixing implement. 

?'he r e s u l t s  o f  t h e  fo l lowing  example a r e  v a l i d  f o r  o t h e r  

s o i l  and straw cond i t i ons  r e s p e c t i v e l y .  

i n  t h i s  experiment 50 d t / h a  of chopped straw (90 p e r  c e n t  

s h o r t e r  t han  5 cm) were mixed i n t o  a  s i l t y  loam by t h e  cu l -  

t i v a t o r  and t h e  r o t a r y  c u l t i v a t o r .  

The working depth f o r  t h e  l a t t e r  was 10 cm, t h e  c u l t i v a t o r  

( w i t h  s p r i n g  loaded r i g i d  t i n e s )  worked at  10 cm i n  t h e  

f i rs t  and at  20 cm i n  t h e  second ope ra t ion  ( a t  r i g t h  ang- 

l e s ) .  

Figure  3 
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shows t h a t  bo th  implements p l a c e  h a l f  o f  t h e  q u a n t i t y  of  

straw i n t o  t h e  depth of 5-10 cm. While some o f  t h e  straw r e -  

mained on t h e  s u r f a c e  t h e  r e s t  straw was p laced  i n  t h e  l a y e r  

0-5 cm by t h e  r o t a r y  c u l t i v a t o r  whi le  t h e  c u l t i v a t o r  i n s e r -  

t e d  t h e  sane q u a n t i t y  i n t o  t h e  l a y e r s  of  0-5 cm and 10-15 cm. 

Because o f  t h e  h igh  poTwer r e q u i r e d  f o r  mixing t h e  s t r aw  i n -  
t o  t h e  depth o f  15 cm it  i s  n o t  convenient  t o  use  a r o t a r y  

c u l t i v a t o r .  
It should be noted t h a t  i n  t h e  f i rs t  experiment w i t h  a  u s u a l  

d i s r r i b u t i o n  o f  s t r aw  l e n g t h s  most o f  t h e  straw was p laced  
i n t o  t h e  l a y e r  of  0-5 cm. I n  t h e  second experiment w i t h  

s t r aw  chopped s h o r t e r  than  5  cm most of  t h e  straw w a s  mixed 

i n t o  t h e  l a y e r  5-10 cm. It i s  t o  be expected t h a t  straw chop- 

ped s t i l l  s h o r t e r  w i l l  be mixed even deeper.  That means t h a t  

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

1975 with the cultivator and the rotary cultivatGr 
Vetbhrenrtechnik Ptlanrcnprcduktion - Univcrrit6t Hohenheim 
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hor i zon ,  can be r e g u l a t e d  by t h e  l e n g t h  o f  chopped s t raw.  

The p re sen t ed  exper iments  show t h a t  mixing t h e  s t r aw  deeper  

t han  10 cm,which may be necessery  i f  high q u a n t i t i e s  of 

s t raw a r e  t o  be used and h igh  straw concen t r a t i on  i n  t h e  so- 

wing depth  should  be avoided, t h e  c u l t i v a t o r  i s  t o  be p re -  

f e r r e d .  This  s ta tement  i s  suppor ted  by r e s u l t s  of  o u r  r o t -  

t i n g  exper iments  t h a t  wepe made wi th  straw o f .  d i f f e r e n t  

l e n g t h s  and d i f f e r e n t  q u a n t i t i e s .  I n  t h e s e  exper iments  t h e  

h i g h e s t  r a t e s  of  r o t t i n g  were ob t a ined  when t h e  s t r aw  was 
mixed u n i f o r n l y  i n  t h e  s o i l  l a y e r s  of  0-12 cm and 0-16 cm. 

These mixing dep ths  can h a r d l y  be achieved by r o t a r y  cu l -  

t i v a t o r s  o r  d i s c  harrows,  e s p e c i a l l y  a t  h igh  r a t e s  o f  straw 

and on c l ay  s o i l s .  A s  under t h e s e  cond i t i ons  even t h e  skim 

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

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

A f i n a l  s t a t emen t ,  however, which t i n e s ,  c u l t i v a t o r  p o i n t s  

and c u l t i v a t o r  mounted implements should  be s e l e c t e d  cannot 

be made y e t .  Neve r the l e s s  t h e  c u l t i v a t o r  i s  t o  be recornmen- 

ded f o r  mixing s t r aw  i n t o  t h e  s o i l .  Secause of  t h e  danger 

of  b lock ing  t h e  use  of  c u l t i v a t o r s  on sand s o i l s  i s  more li- 

mited t han  on l o a n  and c l ay  s o i l s . F u r t h e r  advantages  o f  t h e  

use of  t h e  straw - i n s e r t i n g  c u l t i v a t o r  a r e  t h e  r educ t ion  o f  

energy and  l abour  requirements  and good c o n t r o l  o f  p e r e n n i a l  

weeds combined wi th  deep t i l l a g e ,  which may s u b s t i t u t e  t h e  

plough e v e n t u a l l y .  I n  t h i s c a s e  c u l t i v a t i n g  twice  at  d i f f e -  

r e n t  working dep ths  seems t o  be necessary  e s p e c i a l l y  t o  r e -  

duce t h e  amount o f  s t r aw  t h a t  remains on t h e  s o i l  s u r f a c e .  

Only i n  t h i s  case  t h e  use  of  convent iona l  implements f o r  

seed  bed p r e p a r a t i o n  and sowing i s  p o s s i b l e  wi thout  t h e  dan- 

g e r  of b lock ing .  So an impor tan t  c o n d i t i o n  o f  u s i n g  c u l t i -  

v a t o r s  s u c c e s s f u l l y  i s  f u l f i l l e d  and t h e  plough may be sub- 

s t i t u t e d .  If t h i s  cond i t i on  cannot be r e a l i z e d  , s p e c i a l  i m -  
plements l i k e  combinat'ions of  r o t a r y  c u l t i v a t o r s  and seed  . i 
d r i l l s  o r  d i s c  d r i l l s  a r e  neces sa ry  f o r  t h e  f i e l d  c u l t i v a t i o n .  

According t o  t h i s  s ta tement  t h e  s e e d l i n g  emergence o f  f o l l o -  

';ring crops  and t h e  development o f  weed a r e  in f luencedby  t h e  

used c u l t i v a t o r  ope ra t i on .  One o p e r a t i o n  of  t h e  c u l t i v a t o r  

n i x i n g  straw s imul taneous ly  i s  mostly no t  s u f f i c i e n t  t o  pro-  

duce good cond i t i ons  f o r  seed  bed p r e p a r a t i o n  and sowing. 

Eemaining straw o n  t h e  sc i l  s u r f a c e  causes  b lock ing  of  t h e  



in2lements .  Affected by t h e s e  o b s t r u c t i o n s  and by t h e  h igh  

concen t r a t i on  of s t r aw  i n  t h e  sowing depth a reduced seed- 

l i n g  emergence i s  t o  be expected.  

h nuch b e t t e r  r e s u l t  i s  achieved i f  two o p e r a t i o n s  fo l low 

each o t h e r  a f t e r  an i n t e r v a l  o f  3-6 weeks. I n  t h i s  case  

t h e r e  i s  a  good s e e d l i n g  emergence and crops  a r e  nea ly  f r e e  

o f  weed and of p l a n t s  of  t h e  prev ious  crop.  

.4lthough t h e  c u l t i v a t o r  cannot be recommended as an imple- 

ment t o  s u b s t i t u t e  t h e  plough g e n e r a l l y ,  t h e  exper iments  

c a r r i e d  out  up t o  now sho-I? t h a t  i s  can r e p l a c e  t h e  plough 
occas iona l ly  wi thout  d imin ish ing  y i e l d  i f  a good straw m i -  

x ing  i n t o  t h e  s o i l  i s  obta ined.  

Poss ib l e  lower y i e l d  when usin; t h e  c u l t i v a t o r  can be com- 

pensated by r educ inc  c u l t i v a t i o n  c o s t s  w i th  r e g a r d  t o  com- 

pa rab le  plough systems.  

Lower l abour  requirements  o l  about 33-50 pe r  cen t  and l o -  

wer f u e l  consumption of t h e  same r a t e  cons iderab ly  a f f e c t  
'. chese lower c o s t .  These d a t e s  a r e  i n  correspondance wi th  

t h e  exper iences  o f  farmes who have s u b s t i t u t e d  t h e  plough 

by c u l t i v a t o r s  f o r  some y e a r s .  
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ABSTRACT. 

Soil erosion, high soil temperature, frequent drought stress and 

decline in the organic matter content of the soil are some of the 

problems that are when large-scale mechanized farming replaces 

traditional shifting cultivation in the humid tropics of West Africa. 

Mulch farming with no-tillage techniques has been shown to decrease 

runoff and soil loss, improve soil-moisture and soil-teqerature 

regimes, and maintain soil organic matter content. However, no-tillage 

techniques may not be applicable for all soils and for all agro- 

ecological environments. This system can be made more versatiie by 

appropriate research to develop planting tools for small-scale farmers, 

economical methods of weed control, and methods for applying fertilizer 

and maintaining mulch material on the soil surface. 

1. INTRODUCTION 

Transfer of technology from North America and Europe to 

subsistence-level farmers of the humid tropics, though occasionally 

successful {Sanchez and Buol, 1975), is impossible for most small- 

scale farmers who cultivate soils of low inherent fertility in the 

, forest region of West Africa. Because a majority of these soils 

are susceptible to serious degradation problems, farmers throughout 

the tropics have evolved a method of rejuvenating soil fertility 

that includes a long forest-fallow periods. This method is 

called "shifting cultivation" (Greenland, 1975). With this 



method, the chemical nutrients removed are replenished by nutrient 

recycling, soil structure is maintained by the presence of continuous 

cover, and the buildup of weeds, pests and diseases is checked through 

forest-fallow rotation. The system breaks down under the pressure of 

population however. 

Large-scale forest removal and subsequent soil exposure by 

mechanical cultivation results in accelerated soil erosion, reduced 

infiltration rate and water retention capacity of the soil and decreased 

organic matter content and nutrient holding capacity. As a result, soil 

productivity declines rapidly. The erosion control by contours, terraces 

and other mechanical means has both technical and social limitations. Once 

the shallow surface horizon is eroded, it is extremely difficult to replenish 

soil fertility. Seed bed preparation methods are key factor constraining the 

development of agriculture in this region. 

11. FACTORS INFLUENCING TILLAGE RESEARCH 

Soil Erosion: 

(i) Soil erosion is one of the major limiting factors to introduce 

continuous cultivation, its control is the first priority. 

The potential for soil erosion in the humid tropics is high 

because of high climatic erosivity and highly erodable 

characteristics of many soils. Annual soil losses from plowed 

bare ground for four years after forest removal are shown in 

Table 1. The amount of soil lost increases for about two years 

after clearing, and then decreases due to increased gravel con- 

centration in the surface layer. 

(ii) Soil Temperature: 

In the tropics, the growing season follows a long period 

of hot and dry weather just the opposite of the pattern in the 

temperate zone. In the seedling stage, the temperature of 



bare s o i l  can reach a s  high a s  45°C a t  5 cm depth and 50°C near the 

Table 1. Soi l  losses  from plowed bare s o i l  (tonslha) 

Slope % 
Years After Forest Removal 

1 2 3 

surface. Maize and soybean seedlings, especially suffer  from high 

s o i l  temperature (Table 2) .  ' 

Table 2. Soi l  temperature a t  5 an i n  the interrow zone under 
unmulched maize 3 weeks a f t e r  planting ('C). 

Distance from Time 
the row (cm). 08 .OO 11-00 15.00 17.00 

( i i i )  Drought Stress: 

Strongly interact ing with high s o i l  temperature i s  the 

moisture s t r e s s  under upland rainfed agriculture.  The available 

water holding capacity of the sandy surface horizon i s  low, 

while the root penetration in to  the sub-soil i s  r e s t r i c t ed  

because of the gravel layer (Babalola and Lal, 1976). 



(iv) Organic matter: 

The organic matter content of the soil declines rapidly 

after forest is cleared. Even plowing the crop residue under does 

not maintain the organic matter content of the soil. For example, 

the rate of decline of soil organic matter content in an alfisol 

in Nigeria where maize residue was plowed in was 0.11 percent per 

month during the first year and 0.02 percent during the second 

(Lal, 1975). The decline in soil organic matter content encourages 

leaching of cations such as ~a*, Mg* and K+ and increases soil 

acidity. 

(v) Socio-economic problems: 

The technology required and the machinery needed for tillage 

may neither be available to the small fanners nor it is adaptable 

to his level of education and zormal scale of operations (Greenland 

1975). 

3. MULCH FARMING: 

A solution to most of these problems lies in frequent and 

adequate use of crop residue as "mulch." The present system of 

shifting cultivation can also be improved, rather than replaced, 

by addition of simple, but low in-put and effective technology. 

Recent studies indicate that mulching at the rate of 4 to 6 tons/ha 

of straw effectively eliminates runoff and soil loss risks even on 

15-percent slopes (Lal, 1975). Soil temperatures under mulch are in 

the tolerable range (Table 3), and higher level of soil organic m;itter 

content is maintained (Juo and Lal, 1976). Soil organic carbon content 

with maize residue used as mulch was maintained at 1.6% three years 

after forest removal compared to 1.0% in the soil of unmulched plots. 

Consequently, the pH of the soil in the mulched plots was 5.5 compared 

to 5.0 for the soil in the unmulched plots. 



Table 3. Mulching iofl~ence on soil temperature at 5 cm depth under 
maize 3 weeks after planting ('C) . 

Distance from Time 
the row (cm) . 08.00 11.00 15.00 17.00 

There is a real need to make mulch farming techniques practical under 

diverse conditions, including the use of herbicides for no-tillage 

techniques. 

4. NO-TILL FARWING IN THE BUMID TROPICS: 

No-tillage farming is more suited to the humid tropics than 

to temperate regions. While slow soil warming and poor drainage 

with no-tillage are disadvantages of no-tillage farming in 

temperate regions, these are advantageous in the tropics. Soil 

erosion, from five-hectare uncontoured watershed under no-till 

maize was significantly lower than that from a watershed with 

regular anti-erosive contours and waterways but planted to maize 

with conventional seed-bed preparation methods. (Table 4). 

Table 4. No-till effects on runoff and soil loss under maize from 
5-ha watershed. 

Replication Runoff (uun) Soil loss (tons/ha) 
No-till Plowed No-till Plowed 

1 94 187 2.3 4.3 

Mean 89 252 1.9 6.5 



High biological activity of earthworms (Hy~eriodrilus Africanus) under mulch 

keeps the soil in no-till plots porous and the bulk density low (Fig. 1). 

Consequently, crop roots penetrate more deeply in no-till plots. Soil 

temperatures in no-till plots are significantly lower (Table 5) and the 

soil moisture regime is better than in plowed plots. 

Table 5. Soil temperature regime under no-till and plowed maize at 
5 cm depth ("C) (30/4/1974). 

Treatment Time 
08.00 11.00 15 .OO 17 .OO 

Plowed 26.5 33.2 36.8 36.3 

No-till 27.3 28.0 29.2 29.6 

The composition of soil air is significantly influenced by plowing and 

no-tillage. Because the crusting problem is minimal under mulch in the no- 

tillage plots, there is free exchange of gases between the soil and 

atmosphere. Consequently the soil air in no-till plots has higher O2 and 

lower CO concentrations than the soil air in plowed plots (Table 6). 2 

Table 6. Tillage effects on the composition of soil air under maize* 

Treatment o2 % C02 % 

Plowed 15.8 2.94 

*The analysis was done by Dr. J. Burford 
of Letcombe Lab.. U. K. 

No-tillage effects on the grain yield of various crops in the African 

tropics has not bee extensively reported. However, the little data that 

are available indicate that yields equivalent to those produced by 

conventional plowing can be obtained with no-till systems of soil 

management (Table 7). Crop performance with no-tillage depends on 

various soil and environmental factors. 



Table 7. No-tillage on minimum t i l l a g e  e f fec t s  on crop yield  i n  the 
tropics of Africa. 

No-ti l l  Yield 
(% of Plowed) Year Location Country Source 

Maize 

Maize 

* 
233 1961 K w n a s i  Ghana Rannegieter 

(1969) 
77 1967:68 Kongwa Tanzania Macartney e t  

a1 (1971) 
Maize 98 1975 I lo ra  Nigeria 

Cowpea 117 1974 I lo ra  Nigeria 

Maize 105 1975 Ikenne Nigeria 

Cowpea 131 1974 Ikenne Nigeria 

Maize 72 1974 M 0 ~ 0 v i a  Liberia 

Maize 215 1973 Monrovia Liberia 

Rice 152 1973 Monrovia Liberia 

Maize 78 1974 Obubra Nigeria 

Maize 129 1975 Ibadan Nigeria 

Sorghum 99.5 1974 Gabrone Botswana Whiteman 
(1974) 

Maize 97 1973 Kampala Uganda O l u m  and 
Henderlong 

(1975) 

*Use of Pueraria with n o - t i l l  treatments. 

5. F3SEARCH NEEDS: 

The performance of no- t i l lage techniques depend on many factors  

and the adaptation of t h i s  system to  diverse s o i l  and climatic 

demands research along the follo-wing lines: 

( i )  No-ti l l  Planters f o r  the Small-Scale Fanner: There i s  a r e a l  need 

t o  develop appropriate tools  for  planting throcgh mulch. 

( i i )  Weed control: Weed control can be a seriously l imit ing factor  i n  

the adaptation of no- t i l lage system i n  the tropics.  Xfiizomatus 

weeds such as  Imprata cylindrica and Talinum triangulare may pose 

serious problems. The effectiveness of cheap ultra-low-volume (ULV) 



sprayers need to be investipted and appropriate technology 

developed. 

(iii) Fertilizer needs: No-tillage systems may require additional 

nitrogen, at least during the early years of adoption of this 

technique. There is a need to investigate the rate and method 

of placement of fertilizer and develop appropriate technology. 

(iv) Cover Crops: The effectiveness of no-tillage techniques can be 

significantly improved by rotation kith appropriate cover crops 

. . every three or four years. In addition to weed, insect and 

disease control, these cover crops can help &prove the organic 

matter content and nitrogen status of the soil and provide 

. mulching material. Some of the promising cover crops include 

Stylosanthes gracilis, Pueraria phaseoloides and centrosema. 
- - - 

Fig. '1. The effects of five years of no-till and conventional 
plowing on soil bulk density profile. 
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1.1 ' '.I . . . .  . . L,,L 2. i111.1.1121!~.:: cui t iva . i i .o i~ .tec1i:?<.(iue 321 i>~oi:>.ng : :c i~si t ive  sci5.l:: 
i n  t h e  nor th- .cas tern p n r t o f  t h e  ?i':cki~er:!.ands. a 1;-ye2.s cro:, . . ro l a t i o ; :  of ~~otatoe~-r.~~~ar.'~eet-pc~':;i.i~er;-ci:rc:al i n  l>racxxc,ed. 
i l jc is  nr.ec? a;; a cover c rop  t o  pv:?vent 3lo:ring (LUIiGTCS % TX 
TT"' ," J I ,  , 1975)- 
7 hach f o u r  g e a r s  s o i l  s.trrilizc.ticcn. .in t h i s  case  i s  ordered 
1 l a  Y 1972). :Ct is  rce.liscci Sy a ddep soil.  .til.la.ge. 
Under t h e  c i r c u m s t ~ n c e s  of t1lj.s ~*$sez.'c!r on ly  F. f l a t  one pas s  
s o i l  t i l l a g e  i n  t h e  p ~ ~ ~ i o 3 . c  i n  be.::;;cen t h e  f o u r  y e a r s  i s  
necessary,  It saves  t ime i n  a. peakperiod.  

I n  t h e  Nether lands apprcx. 70% of t h e  ~ O O , C J D O  h e c t a r e  of a r s b l e  
I a n 6  i s  s - ~ . c c q p t b l e  t o  wind-er3:;ion. Sand s o i l s  v:i2i:1 a.2 ossc.nic 
n a t t e r  con ten t  of l e s s  t han  77; and. reworked pea ty  podsnl  s o i l s  . - 
with n conlen t  of l e s s  t kzn  '15% a r e  ciaosi!^ieci  a s  o ~ o i i i n g  s o 5 . i ~  
I O T J  1977).  
I n  .the no r th -ea s t e rn  paw'; of t h e  l,!etXerlznis t h i s  s o i l  t ype  i s  
i n  u.se f o r  an i c t e n s i v e  r o t a t i o n  o f - r o o t - c r o p s .  This  i n c l u d e s  
each tt:o y e a r s  pota.tocs ( f o r  t 3 e  s t a r c h f a c t o r i c s )  ard almost 
each f o u r  yea.rs- o r  even ;;!ore o f t e n  - sugarbeet .  It r e s u l t s  
i n  a r o t a t i o n  of potatoes-.sugarbeet-potatoes-cereals o r  maize- 
potatoes-sugarbeet  and so on. 
With t h i s  frequency c f  pct:~.to growing r ack  f o u r  y e a r s  s o i l  
s t e r i l i z a t i o n  t o  control. p o t a t o  ecltrorm (Heterodera  ros toch icn-  
s i s )  i s  ord.ered by law (::YiP!K, 1972)- It is  c a r r i e d  ou t  by 
t h e  i n j e c t i o n  of chemicals on furrot?-depth,  which means a 
s o i l - t i l l a g e  up t o  t??.i:; depth. 
E s p e c i a l l y  sugarbee t  i n  t h e  desc r ibed  s i t u a t i o n  o f t e n  i s  
in t roduced  on a ?or t h i s  c rop  marginal  s o i l .  To prevent  s o i l  
from blowing and t o  minin!i:ze t h e  g r o w i s g  r i s k  of c rops  such 
a s  su .garbeet ,potatces ,  e.g,, a system of minimum c u l t i v a t i o n  
hzs  been developed i n  v~hick: rye  ca? be used a s  a cover  crop,  
(LUXES 2 TE VELDE, 'i974, 1975). Sugarbee t ,  maize and sone 
o t h e r  c rops  i n  t k i s  s z s t e n  a r e  d r i l l e d  i n  t h e  r y e  mulch 
without  any s e c d b e e d - p r e ~ a r ~ k i o u  i n  spr ing .  The rye  ch i ch  i c  

, . d r i l l e d  is a u t u m ,  i s  k i l l e d  by a c h e m i c ~ l  be fo re  t h e  a r z l i i n :  
t ime of t h e  c rops  mentioned, The s g s t c o  i r ~ c l u d e s  t h a t  i n  t h i s  
c z s e  t h e  seed-bed f o r  t h e  nex t  nc in  crop a l r eady  i s  aade i n  
autunn. 
',!ith g o t a t o e s ,  r ye  a s  a c3ver crop is i n  use  i n  a diff'e:re1:l; .::::!. 
Eefs r e  pl.anting p o t a t o e s  t h e  rye  is  no t  k i l l e d ,  but  Sust  
th inned  ou t  wi th  a s p r i n g  t i n e  c u l t i v a t o r  t o  l i m i t  water  



. . .  .. . . ::x... ; 3 ,  I -  ; . : ! : ; .  1s o2c o r  tuo (cro:;:; ... :;j.:;<,) . , , 
7. . r.:.::.:!. . ?.c:::.: GJ. -I:,? r y e  $ 7 ,  :.;5.xc(3 ?:!?:Lh t>,c ~ 0 2 1  &:id. l.:~c,:;c ~ o j . 3 ~ ~  
t n  . : . .  ,-:..::.:,:.:: . ! i:s::,.to r.r',;c:. :i.r f:>r:;~n.j. After  potato-pif.j~';i .:i~ t].;.: 

. t~3,:!.ni.:i.:.3 t:, r:i.c:! :. .:  .: ; .. zp5.n 'io provide co!~fin::i::;:: bloi:inl: 
' . ~ o l i : ; t - i c n  >>;i;il, 3,.j77i',:,::. ,?Oj; cf t h e  tuljerfi pl;:r:tc? Eiei~c. cs ,e r~e t i ,  
": ;,.. :... ... . "..C ;-:.c 5.;: l : i l ? . e C .  

.. . . , . -, .. _ . . I . .  

, :,. . . LI_ ..... 

. . .. 
' . , , "  i J CCG ;s? i;ZT ;,iOil "'" ~p.i. 

f o r  a l l  f i e l d .  aork  . - -- -.- f o r  scl?. 5i l la ;e  on3.y 

Lzbou.rfiZn o i  a 40 hs, farr.1 on rer;:orked p e a t - s o i l  

: 18,2  h a  s t a r ch -po ta toes  5 ~ ; :  
1,8 ha  s eed - jo t a toes  

I C  h a  ~:interv!:?eat 25;; 
10 h a  sugarbee t  257; 

~ i - . .  , ~ l e  - 1 i l l u s t r i t e s  t h e  labour  needed pro m a n  f o r  a 110 h e c t i r e  
fara s i z e  ~ 5 t h  t h i s  ro t zk ion  (CE?IAIiL, 1976). ~1.e desc r ibed  
s y s t e e  lowers  t h e  labour-2eak i n  s p r i n g ,  b u t  no t  t h a t  i n  autumn. 
I n  1975 a f i v e  y e a r s  r e sea rch  is f i n i s h e d ,  i n  xh ich  i n  t h i s  i n t en -  
s i v e  cro? r o t c t i o n  v i t h  each two y e a r s  po t a toes  and each f o u r  
y e a r s  snga?beet is compared: 
each y e a r  plougking; 
each two y e a r s  ploughing; 
each i o u r  y e a r s  p loushb , - ;  
each f o u r  y e ~ r s  deep c u l t i v a t i n g  ( f i x e d  t i n e  c u l t i v a t o r ) ;  
no dee? t i l l a g e  f o r  f i v e  ycars .  
T i e  res-dts  a r e  p re se s t ed  i n  t h i s  paper. 
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. . , .. . ;:lic-[. 75 ?r,ri:<?:?t: of ~;I?,C s::.l!l< . . . ~ ~ ~ : ~ ~ l ; ~ ~ j , ~ : . ; ~  (i"~; IJC.E>!~~:: '103 i,);..:, , ., I 

.> .,. ( j  . 1 5 . .  i - u :  r e  ' I  I ;  -i.hr, :.:~<:cif:'.c s.!::'n:;.: 
(U-$iLure) i t . ;  a t o u t  76. 
'Che averr;;:c! yiatcr t - b l e  5.:; r?.i;>,i.r dccn, :ao:;.il:j 7-55 : [ I .  k::].~!.,: 

-. ~ u r i ' n c e .  j.11 c 1 . r ~  y 5 a . r ~  t F ~ 5 , :  . , lo,,: y:;::+;e:,- .>~.?>2,e s.n.6 t7j.c ?.o,,.r P~?.:I?,II;:- 
coritcnt c r 2  rc.su1.t i n  r;.rl::cin: of t!;r yield.:: of t i le  cro;>:i. 

S. The t r i a l :  ----.- 

The t r i a l  8 t a r . t ~  au'tu:;ln '1970. Ij.1 1?'?'i s i l a g c  ne i ze  is  s:.c.vn, i:!? . 1972 p o t a t o e s ,  in 1973 zuear?:cet, i n  I9711 p o t a t o e s  a;ld I.!! 13,s 
r y c  an main cro?,  SO e;'cIl yea r  only Oil!? crolp is  grown, i:?c 3.s cq. 
cover c rop ,  t o  c o r t r o l  v ind  orosiol?,  is dr i?- ied each a . ~ t ~ i : . , ~ ~ i ,  
except i n  'i374/?3- 
l h  fou r  r e ? l i c a t i o n s  an2 on a  prac.l:lcal s c a l e ,  brith e.g. t h e  
methods and iapl ,>ments  of t h e  farmer ,  %he t r i a l  i n c l u d e s  t h e  
Coy  irison on - .  of n: louzhin~ eacll y r ? ~ ~ ,  c3.c2? t ~ o  :rczrs, eaci: fo~: . .  
y e a r s ,  c u l t i - r a t i n s  -;!it!l s fir;-?ri . t ine c u l t i v a t o r  each l o u r  yea?::, . 
and zo deep t i l l ? . @ e  s i n c e  f i v c  yenrs.  .Xu.tumn 1974 t h c  t r i a l  i s  
s p l i t  i n t o  tt:o ~jcrts. Cn t h e  h a l f  of "he Eic ld  each yea r  and 
each two g e a r s  ? l o u g h i n ~  vcrsuc  no deep t i l l a g e  s i n c e  1973 i s  
continued. On t i le  ctilej- i!nlf, excil -ye:zr, eacil it~jo j rc?, :~ .  ... ,, atill c r r . '  , ... 
f o u r  y e z r s  p l o u ~ h i n g  o r  dcep c u l t i r a t i n ~  i e  c a r r i e d  o u t , ~ > . c s o ~ d -  
d ing  t o  t h e  o r i g i n a l  sc%c:fie. Whcn no deep t i l l a g e  was c a r r i e d  
ou t  a f t e r h a r v ? s t ,  mostly i n  one pas s  a  f l a t  t i l l a g e  ope ratio:^ 
was c a r r i e d  ouL t o  t i i l  t h e  s o i l  s u r f a c e  and to i n c o r p o r a t e  t h e  
broadcasted rye.  i:lr.rnys t h e  crop r e s i d u e s ,  such a s  l e a v e s  and 
stems of sugarbee t ,  st~ax::, a r e  nixed with  t h e  s o i l .  J n  t h i s  ~ 2 . y  
t h e  farmer t r i e s  t o  s t z b l . i i z e  t h e  or,-nnic na'iter con ten t  of t!rc 
s o i l .  The r y e  a s  cover  cro-, a l c o  !icl.ps i n  t h i s  tray. So returnee!. 
t o  t h e  soi3.  is  i n  a year wi th  po t a toes  sbout  3000 kg/na o r ~ a n i c  
m a t e r i a l ,  wi th  sugarbec t  6000 kg and with  a  c e r e a l  crop 70031,:g, 
t h i s  resr:l.ts i n  average i n  k000 kg/ha./yea.r. 

The r e s u l t s  of t h e  descr tbed  r e sez rch  a r e  c o n t r o l l e d  i n  terms 
of l abour  reducing,  phys i ca l  y i e l d s  of t h e  c rops ,  weeds, s o i l  
phgs i ca i  and s o i l  c!lelr.ical a spec t s .  
The e f f e c t  i n  l abour  r e d ~ t c i ~ ~ s  i s  c l e a r .  '!hen f o r  s o i l  t i l l a g e  
only one pas s  over  t h e  f i e l d  i s  a:nde a f t e r  h a r v e s t  and t h i s  
t a k e s  p l a c e  w5.th a rathei-  I l i ~ h  speed,  v:E?ich is  p o s s i b l e  :;hen 
t h e  4. ,~.i-;ge . - T  i n c l u l c s  a  f l a t  c ce ,  t h e  s av ing  i n  t i n e  i n  
a  pa?cpe r iod  i s  irnportznt,  
The r e s u l t s  ir: yield.  of t h e  crop,  a s  zeasured  s i n c e  q972, ar? 

, . sun;:!arised i n  :'igure 2. 7x1 ~ ? i t e  of t h e  f o u r  replicai;io!ls TI:..:': 

>]as ,no s i g i f i c n n :  differi;r:oc i:: y i e l d  b~t. iec?n t h e  su5:ectc 
o r  o t h e r  asp?c+;s, Tile :~osit<:..<: (P=0.05), 5.130 no': i n  $u.:l.it'- 

e f f e c t  of dee: c u l t i v a t i n g  f o r  t h e  f i r s t  t i a e  s i n c e  1970 i:: 



c t . j i ~ t r  1?i2 '1173 1974 1975 changa i n  1375 
potztccs s v ~ : b r t c z i  S U ~ P  potat08s  uiniarry? t i l l a g s  winterrye 

P ezch 1, y$:rr. O c c l t i r z t e r !  
col',i,::iinj 30 5 97 C 1, 723 36 auiuan i27h 135 

1372, y n t s t o e s  . u t r i p t y  Pran icen i  100 - 52.502 kg/ha ,.. - I$/>,  so;arl:po:, vapic+y  Ij::it:;r. 3 5  - 45.2Y5 ka/h; 
A,- 1 ,  ' p y i s  'I$ . 53.23 kr,/ha 
, . !;75, winisrr.y:, u?;iaty Do;in:{:i! 392 - 1,A50 kc/ha 

,,.- 
Tdij ,  a f ior  chzn?? i n  : i ! l q c  14,. - & . ~ U S  l;g/hs 

r?.iitnxia "17'5 ( s c e  T i ~ d r ~  2 )  !:o,.:ever, is s i : ;n i f icmt  S c t t e r  as r,c:.le 
oLj;er ;.1).;;5ccts., suci!. zs  e3.c:~ year ploughing. 
Iio1-ma1:i:i ol.1 t h i s  ty:?c of s o i l s  v!eed..s may produce a  prcblen.  . . .  S~eciz.lJ.:{ cauch g rzcc  ( d g r ~ ? ~ r o n  repens)  cen bc a e ~ t i o n e d  i n  
t' :I, : ' .  n cc::;~. C i r .  t h e  t r i n l  f f .e l6  t l ~ c r e  was no t  nv.ch couch g r a s s  and 
I n  t h c  con-se o l  t h c  pezrn no t  any d i f f e r e n c e  at a l l  between t h e  
aub:jectc a;- focnd sr.d no t  one weed c r e a t e s  a problen. 
Z0f.L-,.' i ..-: . . 

L. ;:,..i. .... r e s z a r c r  xs c c r r i s d  c ~ t  dcii,izg t h e  t r i i ; i pe r iod .  
n- i n e  r - e z ~ i ' i ~ s  ~ 5 t h  sawples,  t t k c n  i n  Aug~ist  1975 a f t e r  "ie rye- 
h.?.rve.st, are given i n  f i g n r c  3. It sho~:js t h e  water/ai.r con ten t  
a t  pF 2.0 ():eight p e r c e n t s )  ve r sus  t k e  percen tage  of pore  
spacec,  f c r  t h e  l a y e r s  12-17 -3 and 22-27 cn below su r f ace .  
j:ccordin.g t o  p rev ious  r e s u l t s  t h e  v a r i a b i l i t y  i n  and botveen: t k e  
s u b j e c t s  f o r  t h e  l a y o r s  up t o  12-17 cm is very  s n a l l .  I n  t h e  
l a y e r s  22-27 cru 2nd :'12.-37 cu - s u r f a c e  t h e  n a t u r a l  v a r i a b i l i t y  is 
nuch @-enter. A s  is  nhown i n  f i g u r e  4 f o r  t h e  l a y e r  22-27 cm 
belov s u r f a c e  t h e r e  is  s0:r.e d i f f e r e n c e  between t h e  s u b j e c t s .  
I n t e n s i v e  ploughin& however s e e s s  n o t  t o  be as p o s i t i v e  on t h i s  
s o i l - t y p e  as assumed. 
The s o i l - c k e a i c a l  r e s e a r c h  is f i n i s b e d  .by an i n t e n s i v e  s a z p l i n g  
autumn 'i975. No i n p o r t c a t  d i f f c r e n c e s  were found between t h e  
sub j ec t s .  Tlle r e s u l t s  i n  !?-%inera1 conten t  a r e  given i n  f i g u r e  
4. A s  is shown i n  t h i s  graph t h e r e  a r e  d i f f e r e n c e s  i n  conten t  
between t h e  s u b j e c t s  p ro  l aye r .  It c o n t a i n s  however no s i g n i f i -  
c an t  d i f f e r e n c e  S e t m e n  ic r e a l i t y  d i f f e r e n t  s u b j e c t s .  
Based on t h i s  r e s e a r c h  it  seens  j u s t i f i a b l e  t o  conclude . t ha t  
vit'n t h e  i n t e n s i v e  c rop  r o t a t i o n  as mentioned and on t h e  s o i l  
t ype  as descr ibed  a normally each y e a r  c a r r i e d  ou t  deep s o i l  

. t i l l a g e  can be r e s t r i c t e d  t o  once i n  t h e  f o u r  years.  

e l ,  1 . :  Persona l  i n f o m a t i o n ,  Pub l i ca t i on  i n  p repa r ing  
(1976). ' 

Hyink, X.J.: An i n t e g r a t e d  apporach i n  t h e  c o n t r o l  of po ta to-  
r o o t  eelworm. OXPP/EPPO Bull .  ?,&I-48 (1972)- 
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b.?z<::h.:. .: : -; .> :..y A each 4 yea r s  p l o ~ g h i n 8  

r r ; z a n ~ c r a ~ o s h . ; r  6 each 2 .years  plouclli11:; 

~ = r r a r n t . ~ t = r x ~  C each gea r  ploughing 

r r 4 a a 0 -a D e.cX 'i years cu1 t iva t i r . e  

~ s - s a s r m ~ n  Dc c u l t i v a t e d  a u t m n  1974 



The 7 t h  Conference of t h e  In t e rna t i ona l  S o i l  T i l l age  
Research Organization, Sweden, 1976. 

AGHONONIG ASPECTS OF RZSI.,IUAL -j'FI,:CF 02 i)~i;~: 
CULTIVATION 1'Cd PIAIN 3IlCLU CROPS 

Vladimir M I X U I ~ ,  Andjelko 2U'I'ClRAC 

Pacu l ty  of Agricul ture ,.University of Zagreb, lugos1avj.a 
Ivan I+NSAC 

Faculty of Agr icul ture ,Univers i ty  of Csi jek , fugoslavia  

ABSTHP.CT 

On t h e  p reva i l i ng  s o i l  types  of t h e  main a g r i c u l t u r a l  r e -  
gions o f  Croa t ia ,  t h e  r e s i d u a l  e f f e c t  of deep t i l l a g e  was 
determined by t h e  y i e l d  inc rease  of t h e  p r i n c i p a l  f i e l d  
crops (maize, wheat, sugar  beet and lucerne) .  

A s  t h e  r e s i d u a l  e f f e c t  of deep t i l l a g e  i s  changeable and 
un re l i ab l e ,  and genera l ly  l e s s  expressed then  t h e  r e s i d u a l  
e f f ec t  of f e r t i l i z i n g ,  t h e  dec i s ion  should be brought f o r  
each p a r t i c u l a r  case  whether t h i s  phenomenon should be made 
use of i n  reducing t h e  depth of t h e  bas ic  opera t ion o r  even 
temporary no- t i l l age ,  provided t h e  achieved produc t iv i ty  i s  
not  decreased, 

IiVTHODU(;TION Iiq'PO TEE 1';iOBLXM 

Deep t i l l a g e  (over 30 cm), e i t h e r  by tu rn ing  o r  deep loose- 
ning of t h e  s o i l  mass, br ings  about considerable changes, 
p r imar i ly  i n  t h e  pedophysical complex and layer ing.  A t  t h e  
sarce time, deep t i l l a g e  r equ i r e s  p e a t  energy consumption, 
inc reas ing  wi th  t h e  opera t ion depth. Geep t i l l a g e  i s  gene- 
r a l l y  appl ied  on textuYal ly  heavier s o i l s  of unfavourable 
s t r a t i g r aphy ,  e i t h e r  a s  an amel iora t ive  measure o r  t o  s a t i s -  
f y  s p e c i a l  requirements of crops with deep roots .  

Considerable changes i n  t h e  pedosphere, due t o  deep t i l l a -  
ge, a r e  manifested i n  t h e  phenomenon known a s  t h e  r e s i d u a l  
e f f ec t  o f , deep  t i l l a g e ,  i s  evaluated by the  y i e l d  in-  
c rease  of t h e  crops grown, a s  compared. t o  t h e  t i l l a g e  t o  t h e  
usual  depth. 

'AS t i l l a g e  is accompanied by f e r t i l i z i n g  (n ine ra l  o r  orga- 
n i c )  i n  t h e  agrotechnical  p r a c t i c e ,  t h e  f e r t i l i z e r  doses be- 
ing  in p o s i t i v e  r e l a t i o n  t o  t h e  nass of t h e  c u l t i v a t e d  s o i l ,  
t h e  r e s idua l  e f fec t .  of deep t i l l a g e  implies  a l s o  t h e  r e s i -  
dual e f f e c t  of f e r t i l i z i n g ,  and a l s o  t h e i r  i n t e r a c t i o l .  

The r e s i d u a l  e f f e c t  of deep t i l l . .age  depends on t h e  fo1lov:- 
i n g  f ac to r s :  s o i l  tli-pe, c l imate ,  depth and ~ u a l i t y  of till;- 
ge, f e r t i l i z i n g  and s p e c i f i c  crop reac t ion .  ,This r e f l e c t s  
i t s  complexity annd dynamics. 

The p o s s i b i l i t y  of u t i l i z i n c  this phenomenon should be 
viewed from t h e  aspect  of reducins  t h e  bas ic  t i l l a g e  death,  
but  s inul taneously  ensuring a s t a b l e  and high ~ r o d u c t i v i t p  
i n  p lan t  production. 

O u r  f ind ings  r e f e r ' t o  t h e  a51.onomi.c asvec t s  of t h e  r e s i -  
dual  e f f e c t  of deep t i l l a g e  f o r  t h e  n r inc ipa l  f i e l d  crops 
i n  t h e  main a g r i c u l t u r a l  rec:ions of Croat ia .  



LFlE!!klUFE ZZLATING TO TilE PROBLEN 
- i n  p rofess iona l  l i t e r a t u r e ,  t h e  problem i n  ques t ion is 

t r e a t e d  i n  a r a t h e r  l i n i t e d  and mainly genera l  way. ?lore 
d a t a  on t h e  r e s i d u a l  e f f e c t  of deep t i l l a g e  a r e  found i n  
I t a l y .  Thus, SALDCli'll (1965)obtainedincreased y i e l d s  of whe- 
a t  and sugar beet  a t  normal 3loughing of a  heavy s o i l ,  
which followed deep ploughing a t  65 cm. 

I n  t h i s  country, I;XI:ZGI? e t  al. (1964, 1967 and 1968) de- 
termined t h e  r e s i d u a l  e f f e c t  of deep t i l l a g e  on chernozem 
f o r  wheat and maize. It should be mentioned t h a t  t h e r e  w a s  
a  p a r a l l e l  r e s idua l  e f f e c t  of f e r t i l i z i n g  and ploughing i n  
of t h e  lucerne  f i e l d .  

Also on chernozem, STANA~EV (1963) obtained t h e  r e s i d u a l  
e f f e c t  of deep t i l l a g e  and f e r t i l i z i n g  on sugar bee t ,  par- 
t i c u l a r l y  i n  t h e  system of "c rea t ing  a  homogeneous f e r t i l e  
deer, plough-layer". 

STOJASOVIC, KILAI)INOVIC and D J ~ I C  (196%) recorded t h e  
r e s i d u a l  e f f e c t  of deep ploughing and mineral f e r t i l i z i n g  
upon t h e  maize y i e l d  on smonitza and pseudogley s o i l s  i n  
Serbia.  

INVESTIGPLJION FESULTS AND DISCUSSION 

On t h e  p reva i l i ng  s o i l  types  of t h e  main a g r i c u l t u r a l  re-  
gions of Croa t ia  t h e  r e s i d u a l  e f f e c t  of deep t i l l a g e  was 
s tud ied ,  i n  17 trials on l o  l oca t i ons ,  from 1958 t o  1974. 
The r e s i d u a l  e f f e c t  was assessed by t h e  y i e l d s  of t h e  prin-  
c i p a l  f i e l d  crops: maize, wheat, sugar  beet  and lucerne.  

The t i l l a g e  depth went down t o  l o o  cm of extremely deep 
ploughing and loo  x loo  cm deep loosening ( subso i l ing) ,  
but mostly between t h e  ploughing a t  50 t o  60 cm. P a r a l l e l  
t o  t h e  d i f f e r e n t  ploughing depths,  t h e  doses of mineral 
f e r t i l i z e r s  were graded from 267 t o  1080 kg/ha NPK n u t r i -  
ents .  

It should be pointed out  t h a t  t h e  depths over 40 cm had 
an amel iora t ive  purpose on secondary pseudogley on carbona- 
t e  l o e s s  and on o l igo t roph ic  pseudogley. 

The most important i nves t i ga t i on  r e s u l t s  ( v a r i a t i o n a l l y  
s t a t i s t i c a l l y  evaluated)  a r e  presented i n  Table 1. 

When summing up t h e  obtained r e s u l t s  it becomes evident  
t h a t  i n  11 out of all 17 t r i a l s  deep t i l l a g e  had a r e s i d u a l  
e f f e c t ,  while mineral f e r t i l i z i n g  i n  15, i n  most of which 
on deep t i l l a g e .  The r e s i d u a l  e f f e c t  of deep t i l l a g e  on 
t h e  inves t iga ted  s o i l  t m e s  i n  d i f f e r e n t  years  va r i ed  ac- 
cordin5 t o  t h e  opera t ion depth, weather condi t ions  and 
s p e c i f l c  r eac t i ons  of t h e  crops,  but on t h e  average t h e  
r e s i d u a l  e f f e c t  of f e r t i l i z i n g  w a s  more marked than  t h a t  
of t i l l a g e ,  genera l ly  with t h e  h ighes t  f e r t i l i z e r  doses. 

Our r e s u l t s  b a s i c a l l y  agree with those  obtained by o the r  
i n v e s t i g a t o r s  i n  o ther  a g r i c u l t u r a l  regions  of Yugoslavia 
and i n  o ther  countr ies .  



:ABLE 1 - KESU1~:l'S CiE INVESTlGATIOI\IS 1bFl"l' THE RESIDUAL EFFECT OF DEEP TILLAGE 
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CONCLUSIODlS 

The obtained investigation r e su l t s  point t o  the following 
conclusions: 

- A s  deep t i l l a g e  is primarily applied on heavier s o i l s  
of unfavourable layering t o  serve ameliorative purposes, 
the  greatest  operation depths are applied here, as well as 
f o r  crops with deep rooting (sugar beet and lucerne). 

- Deep operations of basic t i l l a g e  should be also applied 
i n  cases of compaction on the  ploughing l i n e  and i n  subsoil 
due t o  inadequate application of agrotechnical measures, me- 
chanization an& t ra f f i c .  

- The residual ef fec t  of deep t i l l a g e  is accompanied by 
the residual ef fec t  of f e r t i l i z ing ,  which is more maxked 
than t h a t  of t i l l age .  Besides, there i s  a l s o  interact ion 
between t i l l a g e  and f e r t i l i z i n g  i n  re la t ion  t o  the yield. 

- The residual ef fec t  of deep t i l l a g e  a s  a ru le  decreases 
with time, but not always a t  the  same r a t e ;  it can be "hid- 
den" one year, t o  reappear the next year, depending primari- 
l y  on the  weather conditions. 

- Deep t i l l age ,  as such, is a d i f f i c u l t  and cos t ly  opera- 
t ion,  but as an ameliorative measure it should be regarded 
as an investment, and i n  crops with deep m o t s  as a neces- 
s i t y  fo r  obtaining good yields. It is well-known tha t ,  i n  
our production conditions, deep t i l l a g e  reduces t he  adverse 
ef fec ts  of the climate, weediness and contributes t o  the  
yield s tabi l izat ion.  

- The residual ef fec t  of deep t i l l a g e  should be made use 
of within cer ta in  l i m i t s ,  evaluating i n  each par t icular  ca- 
se  the jus t i f ica t ion  of reducing; the depth, and even temp@- 
r a r i l y  omitting the basic t i l l a g e ,  but without r isking a 
drop i n  productivity. 
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MINIMAL TILLAGE EFFECT ON SUGAR BEET YIELD 
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ABSTRACTS 

Minimal t i l l a g e  v a r i a n t s  have been i n v e s t i g a t e d :  p l o w i n g  
i n  upon t h e  depth  o f  30 and 20 cm, r o t o r f r a s i s  a p p l i c a t i o n  
upon 8 and 4  cm o f  depth  w i t h  p re -c rops :  w i n t e r  wheat, 
c o r n  and a l f a l f a  on t h e  a l l u v i a l  d e p o s i t i o n  o f  b l a c k  marsh 
s o i l  as w e l l  as t h e i r  e f f e c t  upon t h e  sugar bee t  y i e l d  
/Yugoslav s e l e c t i o n  A l -Po ly  I/. From t h e  th ree-year  expe- 
r imen ts  one can conc lude t h a t  t h e  p l o w i n g  depth o f  sugar 
bee t  a f t e r  t h e  p re -c rop  o f  w i n t e r  wheat and co rn  can be 
d i m i n i s h e d  t o  20 cm: r o t o r f r a s i s  a p p l i c a t i o n  on 4  and 8 
cm e f f e c t s  a  ve ry  s i g n i f i c a n t  s t a t i s t i c a l  y i e l d  d i m i n i s h -  
ment i n  r e l a t i o n  t o  c o n t r o l  v a r i a n t .  

MINIMAL TILLAGE EFFECT UPON THE SUGAR BEET YIELD 

I n t r o d u c t i o n  

Sugar beet  i s  a  v e r y  i n t e n s i v e  row c rop ,  f o r  f rom a1 l 
a g r i c u l t u r a l  c rops i t  has a  h e a v i e s t  demand towards t i l -  
lage,  i .e .  i n  respec t  t o  t h e  depth, t i m e  q u a l i t y  and 
mode o f  t i l l a g e .  A  c l a s s i c  system f o r  sugar beet  i s  as  
f o l l o w s :  

1 . )  S t u b b l e  p l o w i n g - i n  up t o  t h e  15 cm o f  depth ,  2 . )  p l o w i n g  
upon t h e  t h e  depth  o f  25-35 cm, 3.) deep p l o w i n g  upon 35-50 cm 
o f  depth  i n  dependence on t h e  p l o w i n g  l a y e r .  

Many e s t a t e s  i n  p r o d u c t i v e  c o n d i t i o n s  a p p l y  t h r e e  p lowings 
up t o  t h e  depth  o f  40-50 cm / IPK O s i j e k  - I n d u s t r i a l  
A g r i c u l t u r a l  Combine - O s i j e k ,  Kurbanov i t ,  1964 /. 

We have undertaken as o u r  t a s k  t o  i n v e s t i g a t e  how t h e  
v a r i a n t s  on min imal  t i l l a g e  on 20 cm. 8 cm and 4  
cm o f  depth  e f f e c t  t h e  sugar bee t  y i e l d  i n  comparison 
w i t h  t h e  c l a s s i c a l  and usual  depth  o f  30  cm a f t e r  t h e  
p re -c rop :  w i n t e r  wheat, co rn  and a l f a l f a .  

Exper iment methodics 

I n  t h e  p e r i o d  1970/71 - 1972/73 t h e  i n v e s t i g a t i o n s  were 
made by t h e  method o f  f i e l d  exper iment  o f  a  s t a t i o n a r y  
c h a r a c t e r .  

The f o l l o w i n g  v a r i a n t s  were i n v e s t i g a t e d :  A. conven t iona l  - 
usual  one and t h e  c o n t r o l  v a r i a n t .  B. The p1ow:ng upon 



20 cm o f  depth. C. Rotary hoe a p p l i c a t i o n  on 8 cm o f  depth. 
0. Rotary hoe a p p l i c a t i o n  on 4 cm o f  depth. 

The i n v e s t i g a t i o n  was done a f t e r  the f o l l o w i n g  pre- 
crops: w i n t e r  wheat, corn and a l f a l f a .  The f i e l d  expe- 
riments was es tab l ished according t o  a randomizedblock 
system i n  s i x  repet ions.  The s i z e  o f  the  fundamental 
p l o t  was f i f t y  square meters. 

The t i l l a g e  was done i n  the  f o l l o w i n g  way: 

A. Conventional t i  l lage consis ted o f  the f o l  lowing 
operat ion:  

1. a f t e r  the  w i n t e r  wheat, the s tubb le  p lowing- in 
on the 10-12 cm i n  depth and plowing on 30 cm. A t  the 
beginning o f  autumn d i s k i n g  was done i n  o rder  t o  d i s -  
t r o y  weeds. - 

2. a f t e r  the corn, plowing on 30 cm o f  depth w i t h  
the  use o f  heavy d i s k  harrow. 

3. a f t e r  the a l f a l f a ,  the a l f a l f a  p lowing- in on 
30 cm o f  depth w i t h  the use o f  heavy d i s k  harrow. 

Pre p l a n t i n g  t i l l a g e  was done i n  sp r i ng  w i t h  p u l v i  
mulcher, a f t e r  a l l  precrops. 

B. Minimal t i l l a g e  v a r i n a t  on 20 cm o f  depth had the  
same operat ions as we l l  as the v a r i a n t  A, the  o n l y  
d i f f e rence  being i n  plowing depth. 

C. Rotary hoeing on 8 cm o f  depth, i n  dependence 
on the pre-crop consis ted o f  the  f o l l o w i n g  operat ions:  

1. A f t e r  the w i n t e r  wheat - the stubble p lowing- in  
on 10-12 crn w i t h  the  use o f  d i s k  harrow dur ing  the  autumn. 
I n  sp r ing  r o t o r f r a s i s  was used / Rotorfraese LR 80-225 / 
on 8 cm o f  depth. 

2. A f t e r  the corn and a l f a l f a  crop, o n l y  r o t o r f r a s i s  
was used on 8 cm o f  depth. 

0. Rotary hoe on 4 cm o f  depth consis ted o f  working 
operat ions as i n  v a r i a n t  C, w h i l e  r o t o r f r a s i s  / Rotor f raese 
LR 80-225 / was app l i ed  upon 4 cm o f  depth. 

The experiments were located on a l l u v i a l  b lack  marsh 
s o i l  i n  PanEevo marsh / according t o  c l a s s i f i c a t i o n  Pavi-  
Eeviz-GI i g o r i t  1973 /. 



W a t e r - a i r  p r o p e r t i e s  o f  these  s o i l s  / a c c o r d i n g  t o  Pav i -  
E e v i E - G l i g o r i E  1973 / were as f o l l o w s :  

Depth Soi  1 Volume S p e c i f i c  P o r o s i t y  F i e l d  A i r  
i n  cm t e x t u r e  g r a v i t y  g r a v i t y  i n  % v o l  capa- capa- 

c i t y  c i t y  % 

0 - 2 0  c l a y -  1,30 2,73 52,4 44,O 8,4 
1 oam 

30- 50 " 1,34 2,77 51,7 43,O 8,7 

70- 90 c l a y  1,39 2,71 48,7 44,O 4,7 

Accord ing  t o  t h e  usual  l a b o r a t o r y  ana lyses,  t h e  m i c r o e l e -  
ments c o n t e n t s  was as f o l l o w s :  n i t r o g e n  0,17% mg/100 g r  
o f  s o i l ,  P205 3,8 and K20 18,8. The v a l u e  o f  pH i n  
Hz0 amounted t o  7,8 and pH i n  KCL 6,6. 

The f e r t i l i z a t i o n  system was as f o l l o w s :  i n  1969 autumn 
280 kg/ha o f  P20 was used i n  deep p l o w i n g  as w e l l  as 
200 k g  /ha o f  ~ ~ 8 .  The n i t r o g e n  was used each year ,  a f t e r  
p re -c rop  o f  w i n t e r  wheat and co rn  - 60 kg/ha b e f o r e  sowing 
and 60 kg/ha o f  pu re  n i t r o g e n  as a t o p  f e r t i l i z e r .  

The sowing and t h e  h a r v e s t  were done by hand a t  an 
o p t i m a l  t ime. Space between t h e  rows was 50 cm, w h i l e  i n  t h e  
rows 25 cm / 80.000 o f  p l a n t s / .  Fo r  t h e  exper iment  t h e  
Yugoslav v a r i e t y  o f  sugar beet  was used: A l - P o l y  1. 

The c r o p  c o n s e r v a t i o n  was e f f i c i e n t l y  done w i t h  t h e  
a p p r o p r i a t e  chemical  means. The number o f  d u s t i n g s  de- 
pended on weed appearance. H e r b i c i d e s  were n o t  used. 

The sugar bee t  y i e l d s  r e s u l t s  were s t a t i s t i c a l l y  worked 
o u t  a c c o r d i n g  t o  t h e  v a r i a n c e  a n a l y s i s  method. 

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

The m e t e r o l o g i c a l  c o n d i t i o n s  - t h e  average month ly  
temperatures and p r e c i p i t a t i o n  amounts were g iven .  

Average month ly  temperatures / CO / P r e c i p i t a t i o n s  i n  mm. 

I -X I  I 11,34 12,15 12,10 520 645,s 417,8 

I V - I X  18,56 18,93 19,46 3 4 9 , ~  441,8 282,o 



N 
ch . . 
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Tab. 1 Minimal T i l l a g e  and Pre-Crops E f f e c t  upon Sugar Beet Y i e l d  (mc/ha) 

T i  I lage 1971 1972 1973 Average 
methods Preceding crops Preceding crops Preceding crops Preceding crops 

w.wheat corn a l f a l f a  w.wheat corn a l f a l f a  w.wheat corn a l f a l f a  w.wheat corn a l f a l f a  

LSD 5% 2 6 , 0 9  2 7 , 5  3 4 , 4 8  40,69 3 1 , 8  4 6 , 3  40 ,6  4 3 , 2  32,O 



Tak ing  i n t o  c o n s i d e r a t i o n  t h e  temperature  c o n d i t i o n s  
and p r e c i p i t a t i o n  d i s t r i b u t i o n ,  one can c o n s i d e r  t h a t  
f o r  sugar beet  p r o d u c t i o n  m e t e r o l o g i c a l  c o n d i t i o n s  
were b e s t  i n  1972. 

D iscuss ion  r e s u l t s  

The exper iments  w i t h  t h e  s t u d y  o f  t h e  e f f e c t s  
o f  min imal  t i l l a g e  v a r i a n t  as w e l l  as t h e  p re -c rop  
upon t h e  sugar  bee t  y i e l d  were g i v e n  a t  t h e  t a b l e  1 

From t h e  r e s u l t s  one can see t h a t  i n  a l l  years  
t h e  l a r g e s t  y i e l d  was o b t a i n e d  w i t h  t h e  v a r i a n t s  o f  
t h o  plow b e i n g  used on t h e  depth  o f  30 cm. The p l o w i n s  
on 30 cm o f  depth  compared t o  t h a t  one on t h e  depth  
o f  20 cm caused a s t a t i s t i c a l l y  s i g n i f i c a n t  growth o f  
t h e  a l f a l f a  p re -c rop  y i e l d  i n  t h e  f i r s t  and t h e  second 
exper imen ta l  years  / 39,5 mc/ha and 58,4 mc/ha /, and 
a v e r y  s i g n i f i c a n t  growth i n  t h e  t h i r d  year  / 77,9 mc/ha /. 

I n  t h e  p re -c rop  o f  w i n t e r  wheat, t h e  deeper t i l l a g e  
had a s l i g h t  advantage i n  1971 and 1973 years  
/ 3,88 - 4,O mc/ha /, w h i l e  i n  1972 a l a r g e r  y i e l d  
was o b t a i n e d  i n  t h e  v a r i a n t  o f  deeper p l o w i n g  f o r  
48,7 mc/ha, which i 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 .  

On t h e  p re -c rop  o f  corn,  a deeper p l o w i n g  had e f -  
f e c t e d  a s t a t i s t i c a l l y  more s i g n i f i c a n t  growth o f  y i e l d  
/1973/, w h i l e  i n  o t h e r  years  these  growths were n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  

Rotary  how a p p l i c a t i o n  on 8 cm i n  r e l a t i o n  t o  rhe r o t a r y  
hoe a p p l i c a t i o n  on 4 cm o f  depth  r e s u l t e d  i n  s t a t i s t i c a l -  
l y  ve ry  s i g n i f i c a n t  y i e l d  growth i n  1971 a f t e r  a l l  p re-  
c rops w h i l e  i n  1973 a f t e r  t h e  p r e - c r o p  o f  w i n t e r  wheat and corn.  

From a1 1 these  exper iment  r e s u l t s  one can conclude t h a t  
p l o w i n g  depth f o r  sugar beet a f t e r  pre-crops o f  
w i n t e r  wheat and co rn  can ve 20 cm. 

Accord ing t o  t h e  data  om t i l l a g e  expenses, by d i m i n i s h i n g  
p l o w i n g  depth f rom 40 cm t o  30 cm and 20 cm. t h e  expenses a r e  
b e i n g  diminshed f rom 100% t o  73,14 and 55,812 / 
M i  l o j  i E - O t a S e v i i  1973/. 

The problems o f  min imal  t i l l a g e  v a r i a n t s  f o r  sugar bee t  a r e  
v e r y  complex and r e q u i r e  a s tudy  f rom t h e  economic 
and t h e o r e t i c a l  views as w e l l .  

L i t e r a t u r e :  
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M i l o j i E ,  B., O a k i i .  S . :  U t i c a j  minimalne obrade i preduseva na 
p r i n o s  Seeerne repe. Zborn i  k radova Pol j o p r i v r e d n o g  

f a u l t e t a ,  god. XX. sv. 557, pp. 1-7. Beograd, 1972. 
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ABSTRACT 

Two f i e l d  experiments,  one on a  loam s o i l ,  t h e  o the r  on a  c lay  loam 
s o i l ,  were s t a r t e d  i n  1962 and were s t i l l  runninz i n  1975. The xa in  
r e s u l t s  were: Reduced bar ley  y i e l d s ,  increased  populat ion of coach erase  
and o t h e r  weeds, reduced poros i ty  and increaser1 shear  s t r eng th  of  t h e  
s o i l  a f t e r  c u l t i v a t i o n  and t r a f f i c  a t  hifrh s o i l  moisture contents  
( s o i l  n a t r i c  suc t ion  <50 mbar). -actor  t r a f f i c  before  ploughing i n  
t h e  autumn showed nuch smal le r  e f f e c t  on y i e l d s  than t r a f f i c  i n  t h e  
s p r ; n ~ .  Increased n i t rogen app l i ca t ion  r e l i eved  t h e  negat ive  e f f e c t  of 
autumn compaction but  not of sp r ing  comoaction. The negat ive  e f f e c t  
of sp r ing  compaction was s i g n i t i c a n t  during t h e  f i r s t  two yea r s  a f t e r  
s topping t h e  t rea tment .  

INTRODUCTION 

S o i l  conpaction experiments were s t a r t e d  up a t  t h e  Departrent of s o i l  
f e r t i l i t y  and management, Aas-NLIr, Nor~vay, i n  1957. There were y i e l d  
inc reases  by r o l l i n g  c e r e a l  f i e l d s  with a  Canbridge r o l l e r ,  and negat ive  
e f f ec t s  of t r a f f i c  a t  a  high moisture content  ( " ~ j $ s ,  1062) -  

In  1962 two long term f i e l d  experiments were s t z r t e d  up t o  i n v e s t i g a t e  
poss ib l e  build-up e f f e c t s  of l o n g t e r m  s o i l  compaction. It was f e l t  
t h a t  f a c t o r i a l  experiments inc luding  d i f f e r e n t  n i t r o r e n  l e v e l  would. 
be of s p e c i a l  i n t e r e s t ,  a s  t h e r e  n ight  he a  chanse of  poss ib l e  i n t e r -  
ac t ions  of  n i t rogen and compaction. 

Vany of  t h e  r e s u l t s  of t h e s e  two experi3ents  cannot be presented i n  
a  sho r t  r e p o r t ,  and a  f u l l e r  account w i l l  be published l a t e r .  

The t::n l m ~ ~  term compaction e x p e r i ~ e r . ' r  descrlSed i n  t h i s  r epor t  :ire 
s i t u a t e d  a t  t h e  r e sea rch  farm of t h e  ! l e ~ a r t v e n t  of s o i l  f e r t i l i t y  ?.!id 
m?.nagenent. The coordinater  of t?e '.':j.r~- a r e  5 9 ° ~ n ' ~  and ~ C I ~ L ~ ' ? .  
Tl-e e l eva t ion  i s  70 n above sex. l e v e l .  

The geology of  t h e  a rea  i s  cha rac te r i zed  by pre-cambri~n pne i s s i c  r.-c!;s 
with a  cover o f  pos t  g l a c i a l  marine depos i t s .  In  t h i s  repion t h e  
h ighes t  l e v e l  of sea  water durinp t h e  l a s t    la cia ti on wss s o r e  t h a ~ :  
200 m above t h e  present  s ea  l e v e l .  

2 7 :  1 



The two f i e l d  experiments were placed on t h e  lower slope of a long 
h i l l  close t o  a terminal moraine. The slope o f  t he  s i t e  was l e s s  
than 3 per cent. So i l  character is t ics  a r e  given i n  t ab l e  1. 

Table 1. Soi l  properties of t h e  experimental s i t e s .  
Per cent 

Experiment Clay S i l t  Sand Org.matter pH(H90 ) 

- - - 

The s o i l  of Experiment 1-had a loam top s o i l  over clay loam over clay. 
The s o i l  of Experiment I1 nad a clay loam top. The s o i l s  have been 
cult ivated for  a long time. They are poorly drained i n  natural  
condition with Munseli coulours of 5 Y  412 dominant i n  t he  subsoil.  
The B-horizon i s  weakly developed due t o  t he  short time since the  
glaciation.  According t o  t he  USDA Soi l  Taxonomy (1975) t h e  s o i l s  
might be c lass i f ied  as h3pla~uepts .  

Climatic data are  given i n  t ab l e  2. They are  derived from Heldal 
(1975) 

Table 2. Selected climatic data from Aas, Norway, 1931-60. 

Month Temperature Precipi ta t ion Pot.evaporation Radiati n 
mm mm c a l  cm -Sda -1 

mean, OC 

April 4.3 48 344 
10.2 49 76 466 

June 14.4 70 112 528 
July 16.8 79 104 486 
August 15 .6  96 68 377 
Sept. 10.9 86 35 238 

The climate of t he  f ro s t  f r e e  season i s  characterized by a cold'  
early spring, a p r e s m e r  drought 1 May - 15 July and a very wet 
autumn from t h e  10 September. Normally the s o i l  p rof i le  i s  recharged 
with water around the  10 September. The f i e l d  capacity i n  these s o i l s  
corresponds ra ther  closely with a matric suction of 0.1 bar. The 
f ros t  i n  most years does not go deeper than 0.5 m. 

The treatments are  given below: 

3kperiment I. A. So i l  moisture, B. Compaction, i .e .  t r a c t o r  t r a f f i c ,  
C.  Loosening a f t e r  compaction 1962-66, Nitrogen 1967-75. 

The levels  used f o r  each fac tor  were: 

A0 Wet so i l .  Matric suction a t  5 cm depth <50 mbar , a t  20 cm depth 
0-50 mbar. 

A 1  Moist so i l .  Matric suction a t  5 cm depth 70-500 mbar, a t  20 cm 
depth 50-300 mbar, or  normal moisture leve l  a t  s o i l  cul t ivat ion.  
I n  most years t he  s o i l  surface i n  t he  Al-condition had a grey t o  
white appearance. 

BO No compaction i n  addition t o  normal t i l l a g e  and harvest operations. 
B 1  One pass, wheel t rack by wheel t rack,  wZ8h an 1800 kp t r ac to r .  

Front wheel in f la t ion  pressuse 2,5 kpcm (250 k ~ a )  r ea r  wheel 
i n f l a t i on  pressure 0.9 kpcm (90 Wa) .  

CO (1962-66) No additional looseming of s o i l .  



C 1  (1962-66) One harrowing t o  loosen t h e  s o i l  before p lant ing .  
CO (1967-75) 50 kg N per  hectare  i n  ce rea l s ,  75 + 37,5 kg N i n  grass .  
C 1  (1967-75) 100 kg N per hectare  i n  c e r e a l s ,  150 + 75 kg N i n  grass .  

Experiment 11. D-Compaction, E-Nitrogen 

The l e v e l s  used f o r  each fac to r  were: 

DO No compaction i n  addi t ion  t o  normal t i l l a g e  and harvest  operat ions.  
D l  One pass,  wheel t r a c k  by wheel t r a c k ,  with an 1800 kp t r a c t o r ,  

i n  spring before c u l t i v a t i o n ,  genera l ly  i n  wet s o i l  condit ion.  
Last year  of compaction 1970. 

D2 A s  D l  but before ploughing i n  t h e  autumn, genera l ly  i n  a wet s o i l  
condit ion.  

E l  47 kg N/ hectare  i n  c e r e a l s ,  72 kg N i n  grass .  
E2 94 kg N/ hec ta re  i n  ce rea l s ,  144 kg N i n  grass .  
E2 140 kg N/ hectare  i n  c e r e a l s ,  216 kg N i n  grass .  

The experimental design w a s  a s p l i t  p lo t  f a c t o r i a l  i n  both experiments. 
In  experiment I ,  t h e  A-treatments (wetness of s o i l )  were on l a r g e  p l o t s ,  
with t h e  BC-treatments const ' i tuting t h e  subplots .  I n  experiment 11, t h e  
D-treatments (compaction) were on l a r g e  p l o t s ,  wi th  t h e  E-treatments 
(Nitrogen) c o n s t i t u t i n g  t h e  subplots .  The r e s u l t s  were t r e a t e d  with 
ordinary var iance  analyses.  

RESULTS AND DISCUSSION 

~xpe'riment I S o i l  moisture ( A )  x Compaction (B) x Loosening ( C ) ,  o r  N 
( c ) .  

The r e s u l t s  of t h e  s o i l  compaction experiment I a r e  divided i n t o  two 
s e r i e s ,  

the period 1962-1966 i n  which t h e  C-factor s i g n i f i e d  a loosening 
of t h e  t o p  l a y e r  before p lant ing  
t h e  period 1967-1975 i n  which t h e  C - f a c t o ~  s i g n i f i e d  ni trogen.  

During t h e  period 1962-1966 t h e r e  were 4 years  of ba r l ey  (Hordeurn 
vulaare L. )  and one year  of rape ( ~ r a s s i c a  napus L . ) .  During t h e  
second period t h e r e  were 3 years  of bar ley ,  2 years  of oa t s  (e 
s a t i v a  L . )  and 3 years  of l ey .  For comparison ba r l ey  and o a t s  a r e  
grouped together  a s  ce rea l s .  

I n  t a b l e  3 t h e  y i e l d s  of  c e r e a l s  ( g r a i n ,  85 per  cent dry mat t e r )  and 
hay (85 per  cent dry  mat t e r )  a r e  given. 

Table 3. Yields of c e r e a l s  and hay i n  experiment I during t h e  period - - - - 
1962-75. 

Yields, t o n  per  hectare  
ce rea l s  Cereals Hay Cereals Hay 

Treatment 1962-66 1967-68 1.969-70 1972-74 1975 
AOBO 2.6 2 .3  8.0 4.3 8.9 
A O B ~  2.3 1 . 8  7 - 8  3.9 8.6 
A ~ B O  3 - 7  3.1 8.3 4.5 8.4 
~ l ~ l  3.7 3.2 7.9 4.4 8.3 

co 2.9 2.4 7.3 4.0 8.3 
c1 3.2 2.8 8.7 4.6 8.7 

C 

During t h e  per iod  1962-66 c u l t i v a t i o n  and compaction i n  a wet s o i l  
condit ion reduced t h e  y i e l d s  s i g n i f i c a n t l y  i n  bar ley .  The general  
lowering of t h e  gra in  y i e l d  by compaction w a s  180 kg per  hectare  or 
6 per  cent .  In  a wet s o i l  condit ion t h e  y i e l d  reduction by compactior? 
w a s  300 kg per  hectare  o r  12 per  cen t ,  while i n  t h e  d r i e r  s o i l  conciition 
t h e  reduction was 60 kg pe r  hectare ,  o r  2 per  cent .  



During the  years 1967-75 cul t ivat ion and compaction i n  t he  wet conditidn 
reduced. cereal  yie lds  s ignif icant ly  as  compared t o  s o i l  handling i n  t h e  d ry  
condition. There was no build-up of t h i s  e f fec t  with time,' as  i s  c lear ly  
demonstrated by the  numbers i n  t he  tab le .  On the  contrary, i n  1975 
( f i r s t  year's l ey )  t h e  y ie ld  of hay was highest f o r  AO. The reversing 
of the s o i l  moisture e f fec t  of the  previous years might be a kind of 
hysteresis e f fec t .  During the years with low yields  $here may have been 
a build-up of nutr ients  i n  t he  aggregates of the A0 plots .  

The e f fec t s  of compaction did not increase with time. A t  a high s o i l  
moisture content t h e  e f fec t  of compaction. on the  grain  y i e ld  i n  1967-68 
was -540 kg par hectare, or  -23 per cent,  while it was -400 kg per hectare, 
or  -9 per cent i n  t he  1972-74 period. In both cases the  compaction 
e f fec t  i n  a dry s o i l  was negligible (-90 t o  -60 kg per hectare).  There 
was no significant interact ion between nitrogen and compaction. 

Early planting i s  one of the  reasons f o r  t h e  high yields  i n  1972-74, 
the  average planting %ime being 27th April,  while it was 17th May i n  
1967-68. Elsewhere it has been demonstrated tha t  a s l i gh t ly  higher 
s o i l  moisture content a t  cul t ivat ion than the  crumbling stage did not 
decrease yields  when planted very ear ly  (Nje(s, 1976). 

The straw yields  maicly followed the  grain  yields .  On t h e  average, 
however, the  grain percentage was lower for  t h e  AOB1-treatment than 
for 'any other treatment. Higher nitrogen ( C )  l eve l  increased the 
yield of straw more f o r  t he  wet s o i l  condition than for  t he  dry. 

The l o d a i n ~  percentage i n  cereals was decreased by compaction o f w e t  
s o i l ,  but not by compaction of dry so i l .  

The weed population was generally increased by wet handling of t he  
so i l .  Cultivation a t  high s o i l  miosture increased the  stand of sow 
t h i s t l e  (Sonchus arvensis L. ). 

For coach grass (Elf is ia ia  repens (L), Nevski - formerly &ropyron 
repens L.) three  years of observation of t he  percentage cover gave the  
following r e su l t s :  

AOBO AOBl A l B O  AlBl 
12 22 5 5 

The coach grass showed i t s  highest competition a b i l i t y  a f t e r  wet com- 
paction. 

Aagregate s i ze  dis t r ibut ion (Nje(s, 1967) i n  t he  cul t ivated layer was 
a ra ther  sensi t ive  measure of the  e f fec t  of compaction and moisture 
content during s o i l  treatment. There were large differences between 
years. The two extreme years were 1962 and 1974, with a very coarse 
s o i l  s t ructure  i n  1962 and a f i ne  s t ructure  i n  1974 (72 and 22 per 
cent of aggregates la rger  than 6 mm, respect ively) .  In  t ab l e  4 the  
effects  o f t r ea tmen t s  A and B on three aggregate s i ze  classes a r e  
given for  t he  periods 1962-66, and 1967-74. 

h 1 .  
Per cent i n  s i ze  c lass  

>6 m m  6--0,6 mm <0,6 mm 

Treatment 1962 1967 1962 1967 1962 1967 
-66 -74 -66 -74 -66 -74 

AOBO 6 1  40 31 45 7 12 
AOBl 69 54 24 34 6 .  10 
AlBO 49 . 29 38 51  12 18 
A l B l  44 30 40 49 1 5  19  
Sign. 
e f fec t s  A,AB A,B,AB A,AB A,B,AB A '  A,AB. 

2 7 : 4  



I?uring t h e  f i r s t  year of l e y ,  1969, t h e r e  was a not iceable  increase 
i n  coarseness of s o i l  s t ruc tu re .  A s  seen f r o m t h e  t a b l e  t h e r e  i s  a 
general  increase  i n  f ineness of aggregates from t h e  first t o  t h e  
second period even f o r  t h e  wet s o i l  t reatments.  On t h e  o ther  hand 
t h e  effect  of t r a c t o r  t r a f f i c  a t  high s o i l  moisture content i s  r o r e  
marked i n  t h e  second than i n  t h e  first period. 

The poros i ty  of t h e  s o i l  t h a t  had been handled i n  t h e  wet condition 
decreased during t h e  i n i t i a l  phase of t h e  experiment but seemed t o  
be s t a b l e  during t h e  remaining period. See t a b l e  5. 

Table 5. Poros i ty  of t h e  s o i l  i n  experiment I. 

Poros i ty ,  volume per cent 
10-15 cm 25-30 cm Treatment 

1963 1969 1972 1969 1972 
-6 5 -71 -74 -71 -74 

AOBO 51 48 48 46 42 
AOBl 49 46 46 43 44 
AlBO 53 51 ' 53 46 46 
AlB1 50 5 0 51 45 46 

The numbers f o r  25-30 cm a r e  not r e l i a b l e  due t o  inherent  s o i l  
va r i a t ion  i n  t h i s  depth. It i s  s t i l l  a tendency of a lower poro- 
s i t y  f o r  wet compaction than for  dry compaction even i n  t h e  25-30 
cm depth. 

Shear s t r e n d h  was measured by a vane borer  (Schaffer,  1960) Results  
of measurements i n  1966 and 1975 a r e  given i n  t a b l e  6 .  

Table 6. Shear s t rength  of t h e  s o i l  i n  experiment n 

Shear s t r eng th ,  kpcmL 

Treatment 
1966 1975 

0-10 cm 10-20 cm 20-30 cm 0-10 cm 10-20 cm 20-30 cm 

AOBO 0.9 0.9 1 .0  0.6 0.5 1.0 
A0B1 1.4 1.4 1 - 2  0.6 0.7 1.2 
AlBO 0.6 0.8 0.9 0.3 0.h 0.7 
A l B l  0.9 1.0 1.1 0.4 0.5 0.9 

The r e s u l t s  i n d i c a t e  a higher shear s t rength  a f t e r  wet than dry s o i l  
treatment and an increased shear s t rength  a f t e r  t r a c t o r  t r a f f i c .  

The n i t r a t e  content of t h e  s o i l  aggregates were inves t igated  i n  s o i l  
samples from 1974. After  dry s ieving,  t h e  aggregate f r a c t i o n  6-2 mm 

3 was ext rac ted  by 2 mol/dm KC1 and analysed according t o  k n r i k s e n  and 
Selmer-Olsen (1970). The r e s u l t s  a r e  given below: 

Pre- NO -N, kg/ha, 0-5 cm depth 
treatment AOBO A021 A D O  A l B l  
Aggregates 6-2 mm 6.8 7.8 5 -5  5.5 

11 ,crushed 7.0 8 .3  5.5 5.8 

The higher n i t r a t e  content of.  t h e  s o i l  t h a t  had been handled wet i p  

probably explained by t h e  previous year's lower y i e l d  as w e l l  a s  r 
11 capsule" e f f e c t .  Nutrients  s tored i n  dense aggregates may be re! e'..::-: 
i n  a l e y  due t o  a dense root  system and long growth season ( s e e  !.., !J ) .  



Experiment 11. Compaction ( D )  x Nitrogen (E)  

This experiment was s ta r ted  up i n  t he  autumn of 1962, and harvested for  
the  f i r s t  time i n  1963. The l a s t  compaction was carr ied out i n  t he  
spring of 1970. Only t h e  nitrogen p lo ts  were t rea ted  during the years 
1971-73. In 1974 the yield  (1s t  year ley)  was not harvested, but i n  1975 
one cut of the  2nd year l ey  was harvested. This year the  whole f i e l d  
received the same amount of nitrogen. The r e su l t s  are  suited for  a sub- 
division i n  t he  period 1963-70 and the  period 1971-75. 

I n  t ab l e  7 t he  yields  during the compaction ~ e r i o d  (1963-70) and res i -  
dual e f fec t  period (1971-75) are presented. 

Table 7. ~ i e l z s  of cereals (g ra in ) ,  rape (seeds) and hay i n  experiment 11. 
Yield, tons per hectare 

Treatment 1963 - 70 1971 - 75 
Cereals Rape Hay Cereals Cereals Hay 
4 years 2 years 2 years 1971-72 1973 1975 

DO 3.6 1.3 11.1 3.1 ' 3.5 7.7 
Dl-spring 2.9 1.2 10.3 2.9 3.6 7.7 
D2-autumn 3-5  1 .2  11.1 3.1 3.4 7-6  
~1 2.9 1.1 9.6 2.1 3.0 7.5 
~2 3.4 1.3 11.1 3.1 3.6 7.6 
E3 3.7 1 . 4  11.7 3.0 3.8 7.9 
Significant 
e f fec t s  D,E,DE D D ,E D E E 

The tab le  shows the s ignif icant  decrease in  yie lds  by spring compaction 
during the  f i r s t  period. The decrease i n  y ie ld  by t h i s  treatmen* was 
20-11-7 percent for  cereals,  rape, and hay, respectively. For the  
autumn compaction (before ploughing) the  y ie ld  decrease re la t ive  t o  DO 
was 4-8-0 per cent f o r  cereals,  rape and hay, respectively.  

Increased N-application decreased the negative e f fec t  of autumn compaction 
but not of spring compaction. A t  the  two higher leve ls  of N the  e f fec t  
of spring compaction was higher than a t  the  lowest N-level. 

In the  second period there  was a s ignif icant  residual e f fec t  only during 
the f i r s t  two years a f t e r  compaction. The f i r s t  year's crop was oats ,  
the  second barley. The e f fec t  on grain yields  i n  t he  spring compaction 
treatment ( t rea ted  the  previous period) was -150 kg per hectare i n  oats 
and -220 kg per hectare i n  barley. There was no s ignif icant  res idual  
effect  of t he  autumn compaction. 

In 1973 there  was no s ignif icant  residual e f fec t  of compaction, and t h i s  
was the  case i n  1975 as  well. Thus, i n  t h i s  experiment on a clay loam 
s o i l ,  the negative e f fec t  of compaction during the period 1962-1970 
las ted  two years a f t e r  t he  treatment was stopped, and did occur for  the  
spring compaction only. 

The straw y ie ld  was affected somewhat d i f fe ren t ly  from the  grain yield.  
It was l e a s t  for  t he  autumn compaction. The p r w a s  signi- 
f icant ly  lower for  t he  spring compaction than for  untreated. 

Lodging i n  t he  cereal  years increased with increasing N-applications. 
It was s l i gh t ly  higher for  spring compaction than for  autumn compaction. 

The population was increased by the  spring compaction. In  fac t  
there  was a res idual  effect  even as  l a t e  as  i n  l ey  1975, 

The numbers below give weed cover percentage i n  experiment I1 as  an 
average over years (10) with available observations: 

27:6 



Treatment Per cent weed cover 
DO 9 
D l  22 
D2 9 

The population of coach g rass  ( E l y t r i ~ i a  repens (L). Nevski) increrzed 
a f t e r  spr ing  compaction. 

In  t h e  l e y  years  1967-68 t h e  percentage of clover was observed. The 
r e s u l t s  showed t h a t  t h e r e  was a higher clover percentage i n  t h e  second 
cut a f t e r  spring and autumn compaction, a s  compared t o  unt rea ted  
( 59-58-48, r e spec t ive ly )  . 
The poros i ty  of t h e  s o i l  was s l i ,ght ly  influenced by s o i l  compaction, 
i n  t h e  upper subso i l .  This e f fec t  was observed a s  l a t e  a s  1975, 5 
years  a f t e r  t h e  l a s t  compaction,as shown by t h e  numbers below 
(20-25 cm depth) .  

Poros i ty ,  volume per  cent  
P-ir (pF2) To ta l  

Treatment 1970 1975 1970 1975 

DO 6 11 47 5 0 
01  4 7 4 5 48 
D2 5 9 45 49 
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ABSTRACT 

A number  of 22 different moldboard ploughs were  studied f rom 
the geomet r ica l  point of view, a s  a f i r s t  s t ep  in o r d e r  to  adapt the-  
s e  tools to  the different Spanish so i l  conditions. F o r  this purpose,  
an apparatus  was constructed to m e a s u r e  the coordinates of the  - 
moldboard sur face .  having established around 500 points f o r  each 
moldboard. The sur faces  adjusted were  of the polinomial type,  ex - 
plicit  in  z (cubics  and quadrics)  which yielded a ve ry  high mult i -  
p le  c o r r z a t i o n  coefficient. F o r  fu r the r  r e s e a r c h  i t  a s  been out- Q 
l ined the hyperbolic paraboloid of the type z =axy l  by 4cy a s  the - 
mos t  suitable.  V i th  the a id  of a minicompuler, the moldboard sha-  
pes  w e r e  plotted in different positions. 



The effects of the different t i l lage prac t ices  in the ground to the 
growing plants until they a r e  harvested a r e  difficult to  evaluate, be-  
c.ause of s o  many fac tors  that a r e  involved. In some  cases  some  - 
subjetiv c r i t e r i a  have been established which have affected the r e  - 
su l t s  negatively. The tillage techniques have to  be reconsidered to 
l ~ e  adapted to  the new circw:istances.  

In Spain, 9070 of the t r a c t o r  ploughs a r e  moldboard ploughs. 
Most of these ploughs a r e  designed empirically,modifying the sur fa -  
ce  by the method of "tr) and e r r o r " .  The design of the moldboard 
ploughs has  been made m o r e  a s  an  a r t  than a s  a technic. 

Objetives of the r e s e a r c h  and precedents -- 

The lack of energy in agr icul ture  has  obliged to  s e a r c h  f o r  a be-  
t t e r  u se  of the available energy. This is one of the r ea sons  why we 
have begun a r e s e a r c h  program to  adapt the moldboard ploughs to  
the different Spanish soi l  c o n d t '  lons. 

As a f i r s t  s t ep  we have studied -f rom the geometr ical  point of 
view- the su r f aces  of the moldboard ploughs available in  ou r  coun- 
t ry .  

Many authors  have studied the geometry of the  moldboard - - 
ploughs, but considering the curves  that in tegrate  those sur faces :  
the i r  curvature  and the angles that they make with different planes,  
a s  f o r  example Sohne (1959) and F lorescu  et  al .  (1968). 

Gorjatschkin ( i909)  established the t h r e e  main angles of a wed- 
ge to define the moldboard su r f ace  and to  explain the work done by 
i t :  the ver t ica l  angle of cutting and elevation, the horizontal  angle 
of s ide  th rus t  and the ver t ica l  one of turning and inverting the so i l  
l ayers .  

Nichols and Kummer  (1932) divided the su r f ace  of the moldboard 
plough into t h ree  sect ions:  the lower ,  o r  s h a r e  portion, for  b rea -  
king the soi l ;  the cen t ra l  a r e a  for  pulverizin~ it and the upper  p a r t  
fo r  turning and inverting it.  

Koniger (1949) c lass i f ied the moldboard shapes  a s  ruled sur fa -  
(:es of different kinds. 

But in general  o r  a t  l eas t  in Spain s i s temat ic  s tudies  have not 
heen made to establish the ecuations that define the active su r f ace  
of the moldboard ploughs. Having these ecuations, i t  is possible 
to co r r e l a t e  them with the resu l t s  obtained ploughing the different 
t.rpes of so i l s  in o r d e r  to obtain the mos t  suitable moldboard shape 
f o r  each condition. 



Methods and resu l t s  

In o r d e r  to  make  the measurements  of the coordinates of the - 
moldboard sur face  i t  was constructed an apparatus called "coordina - 
tometer",  formed by two paral le l  gridded plahes. The tool which - 
shape is to be descr ibed can be  oriented s o  that the s t ra ight  line be- 
tween the moldboard and the s h a r e  be horizontal  and lean in one of 
these planes,  and corresponds to  the x axis.  The holes a r e  in each 
direction 25 m m  apart .  The needles 20 through the corresponding 
holes until their  points touch the sur face  (fig. 1). The contour is de- 
termined with m o r e  density of measurements  (one point each 5 m m ) .  

Stone and Gulvin (1969) indicate that t he re  a r e  necessary  250 - 
points in o r d e r  t o  verify the quality of manufacture of a moldboard 
shape. We have established a s  a mean, 500 points fo r  each mold- 
board. 

We have adjusted different kinds of polinomial sur faces  explicit 
in z (cubics and quadrics)  adjusting the regress ion  coefficients with 
a computer CYBER-72 CONTROL DATA of 75 Ks.  The sur faces  ob 
tained of the quadric  type, yielded a very  high multiple correlation- 
coefficient (R var ied f rom 0, 96 to 0, 99) and were in general  of the 
type of hyperbolic paraboloid and a few a l so  of ell iptical  paraboloid. 
(Table 1). We have adopted a s  the most  suitable fo rm to define the 
moldboard shape the hyperbolic paraboloid of the type: 

2 
z=  axy 4 by 4 cy 

in o r d e r  to go ahead with the r e s e a r c h  outlined. 

We have s ta ted that there  a r e  s o m e  slight differences between 
two, in theory, identical moldboard shapes because of the manufac- 
turing methods (warping distortions,  bending and hardening opera-  
tions, etc).  But a s  a whole the method can be considered of a high 
accuracy. 

Graphic representation 

Through the use  of a mini-computer (HP-9830) equipped with a 
plotter,  we have represented  the 22 moldboard ploughs considered 
in the manufacturing coordinates representat ion (fig. 2 ) ,  in the wor-  
king coordinates representation (fig. 3)  and in perspect ive (fig. 4) .  
Because of the lack of space we give h e r e  only a moldboard shape 
a s  an example. To change f rom the manufacturing, to the so i l  o r  
working coordinates we have had t o  rotate  the sur face  an angle "P 
around the 2 axis  and an angle 8 around the x axis s o  that the edge 
fo rms  the ver t ica l  wall  of the furrow. 



Fig.  1 - Apparatus to 
measu re  the coordinates 
of the moldboard shapes  
(coordinatometer)  

Fig. 2 - Representation 
of the manufacturing coor - 
dinates of a moldboard 
shape.  

Fig. 3 - Representation 
of the s a m e  moldboard 
shape in the soil-coordi-  
nates .  

Fig.  4 - Perspec t ive  of 
the s a m e  moldboard shape. 



TABLE I - Ecuat ions  obtained for. s o m e  moldboard s u r f a c e s  

Moldboard Ecuat ions  R Su~.fac.e (k) - 
B-17760 2 z=32 ,61x  -469,94xg-1656, 51y2 1:yperbolic 

+%3x+718,83y+7 0, 97 palaboloid  

z=-493,23xy-1863, 47yZ+1021. 61y 0 ,99  I 

2 2 B-1753-4 z=-43,77x -309,82xy-1287,68y El l ip t ic  
+ 3 8 , 5 7 ~ 4 7 0 8 , 1 8 y - 2 , 6  0, 98 paraboloid  

2 
Hyperbolic 

z =  303 ,12xy -1340 .49~  +735,7Oy 0,99 paraboloid  

2 2 
B-1753-0 z=-20,24x -693,83xy-1791,90y 

& 6 3 , 9 4 ~ 4 8 1 2 , 1 3 y - 7 , 3  0, 99 11 

z=-503,83xy-1038,  83y2+719, 39y 0 ,98  II 

David 
2 

z=-72,94x -436,53xy-637,%2y 
2 

-4.. 0 9 ~ + 6 6 7 , 4 3 y 4 4 , 3  0, 99 1 1  

( x and y i n  m,  z in mm. 
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ABSTRACT 

Experimental evidence from 8 yea r s '  research on a l t e r n a t i v e  t i l l a g e  
systems shows t h a t ,  at l e a s t  i n  a  wide r o t a t i o n ,  ploughing i s  not 
always needed t o  obtain good growth. Al ternat ives  may vary from non- 
ploughing ( f o r  c e r e a l s )  t o  deep c u l t i v a t i n g  ( f o r  root  c rops ) .  In  any 
case a good seedbed must be prepared, r ap id  and uniform emergence 
being p r e r e q u i s i t e  t o  high y i e l d s .  
Al ternat ives  f o r  ploughing may be incorporated i n t o  a system of 
r a t i o n a l  t i l l a g e ,  aiming at maximm n e t  p r o f i t  from t h e  farm f o r  t h e  
durat ion of t h e  ( i n t e n s i f i e d )  crop r o t a t i o n .  

Ploughing i s  t h e  main p a r t  of t h e  t i l l a g e  system and, the re fo re ,  an 
i n t e g r a l  p a r t  of t h e  modern farm management which aims at maximi- 
zing net  p r o f i t  from t h e  farm f o r  t h e  durat ion of t h e  crop rota-  
t i o n  (van Ouwerkerk, 1974). This goal  may be achieved by i n t e n s i f i -  
ca t ion  of t h e  crop r o t a t i o n  - t o  maximize gross y i e l d  per  ha  - and 
by r a t i o n a l i z a t i o n  of t i l l a g e  p rac t i ces  - t o  minimize t o t a l  produc- 
t i o n  c o s t s ,  of which roughly 15% may be charged t o  s o i l  t i l l a g e .  
The modern plough i s  r e l i a b l e  but  slow: maximum forward speed i s  
about 7' km/h (Poesse and Van Ouwerkerk, 1967). Modern, p o w e r h l  
t r a c t o r s  >I00 HP make t h e  use of very wide, multi-body ploughs pos- 
s i b l e .  However, apa r t  from t h e  f a c t  t h a t  these  ploughs a r e  not easy 
t o  handle, they pay only on very l a r g e  farms, rihich a r e  uncommon i n  
The Netherlands. Therefore, a l t e r n a t i v e s  f o r  t h e  plough a r e  current-  
l y  sought ac t ive ly .  
In  s e l e c t i n g  an a l t e r n a t i v e ,  one must be c l e a r  about t h e  objec t ives .  
The primary objec t ive  of ploughing i s  loosening t h e  s o i l  and res- 
t o r i n g  i t s  homogeneity. Secondary objec t ives  a r e  incorporat ion of 
crop res idues ,  mixing of organic and mineral f e r t i l i z e r s  with t'ne 
s o i l ,  cont ro l  of weeds and of p e s t s  and d iseases  (Kuipers, 1963). 
Ins ight  i n t o  t h e  p r a c t i c a l  p o s s i b i l i t i e s  and t h e  fundamental back- 
ground can be gathered from t h e  r e s u l t s  of research on a l t e r n a t i v e  
t i l l a g e  systems c a r r i e d  out during 1968-1975 (Bakermans et aZ., 1974; 
Van Ouwerkerk, 1976) . 

TILLAGE SYSTEMS 

In  general ,  any t i l l a g e ,  e spec ia l ly  ploughing, has a  loosening e f fec t  
on s o i l  s t r u c t u r e  while t r a f f i c  has a  compacting e f f e c t .  According 
t o  t h e  extent  t o  which loosening e f f e c t s  a r e  incorporated and Cora- 
pact ing  e f f e c t s  a r e  t o l e r a t e d ,  four  d i f f e r e n t  t i l l a g e  sysLems can 5e 
d is t inguished ( t a b l e  1 ) .  
In  t h e  traditionaZ system t h e  s o i l  i s  loosened deeply and intensive-  
l y  each year  by ploughing. However, i n  sp r ing  t h e  s o i l  i s  usual ly  
compacted t o  t h e  extent  t h a t  t h e  loosening e f f e c t  i s  completely n 3 -  
l i f i e d .  
The experimental Zoose-soiZ husbandq t r i e s  t o  improve t h i s  s i tua t ior l  



Table 1. Tillage systems. 

Loosening Compacting Denomination 

effects effects 

loose-soil husbandry 

traditional tillage 

rational tillage 

zero-tillage 

by maximizing the loosening effect and by minimizing compaction 
through rationalization of traffic, irrespective of costs. 
In its full sense zero-tillage means that any tillage whatsoever 
(seedbed preparation included). is omitted (~akermans and De Wit, 
1970). However, for potatoes this is impractical as mechanical 
lifting is impossible without proper ridges. Therefore, by way of 
concession, a seedbed is made by full-width rotovating to a depth 
of 7 cm. In this system compaction of the soil predominates. As a 
consequence soil structure soon becomes homogeneous, dense and hard 
(van Ouwerkerk and Boone, 7970; table 2). 

Table 2. EHF "Westmaas" (1968-1971) - Pore space 
(%, v/v), averaged over 4 years and 5 crops. 

Depth Tillage system 

traditional zero rational 

Rationu2 tiZZage is distinct from the other three systems in that it 
aims at increasing the efficiency of soil tillage in a technological 
and economical sense to maximize net profit, averaged over the dura- 
tion of the crop rotation. Therefore, frequency, depth and intensity 
of soil loosening are made to correspond to the specific demands of 
the individual crops in the rotation with respect to soil structure 
and weeds. In practice this simply means that tillage in its broader 
sense (i.e. including traffic over the field). is restricted to a 
rational or a reasonable extent. This may be a reduction to nought 
(as for cereals), but also ploughing to 25 cm (as for sugar beet). 
It is self-evident that one tries to safeguard the loosening effect 
as much as possible by rationalization of traffic (combined culti- 
vations, wide implements etc. ) . 

EXPERIMENTS 

Our first experiment (ZWZH 1310) was conducted during 1968-1971 in a 
fairly wide, five-year rotation, viz.,alfalfa or ryegrass - sugar 



beet - winter wheat + ryegrass - potatoes - barley or  oats + rye- 
grass. In  t h i s  experiment ra t iona l  t i l l a g e  was compared w i t h  t rad i -  
t i ona l  t i l l a g e  anl! zero-tillage ( t ab l e  2) .  The experiment was la id  
out on a l i g h t  clay s o i l  (27% clay; 3.0% o .m. ) . 
In  1971 a new experiment (WS 38) was star-ced on a heavy loam s o i l  
(21% clay; 2.9% 0.m.) .  Here ra t iona l  t i l l a g e  i s  being compared w i t  
loose-soil husbandry and zero-ti l lage i n  an a lso f a i r l y  wide, four- 
year rota t ion,  viz. ,  sugar beet - barley + ryegrass - potatoes - k - n -  
t e r  wheat + ryegrass. The essen t ia l  features of the  three systems 
are shown i n  t ab l e  3. 

Table 3. EHF "Westmaas" - Ti l lage  systems compared s ince  1971. 

Crop Tillag-2 system 

loose-soi l  zero rationa: 

(4.1 (3) ( C )  

winter wheat plough 20 cm + 

sowing ( 1 pass  ) ; 

no seedbed prep. 

sugar bee t  plough 25 cm 

seedbed prep. + 

sowing (1  pass )  

spr ing  bar ley  c u l t i v a t o r  8 cm 

plough 20 cm 

seedbed prep. + 

sowing ( 1  pass )  

potatoes  plough 25 cm 

N-fert. + seedbed 

prep. + plan t ing  

+ r idg ing  ( 1  pass )  

c u l t i v a t o r  6 cm + c u l t i v a t o r  15-20 cm 

sowing ( 7   ass); + sowing ( 1  pass)  ; 

no seedbed prep. no seedbed prep. 

- plough 25 cm 

d i r e c t  d r i l l i n g  seedbed prep.,  

?owing ( 2  passes)  

c u l t i v a t o r  3 cm c u l t i v a t o r  8 cm 

- c u l t i v a t o r  15-20 c c ~  

d i r e c t  d r i l l i n g  seedbed prep.,  

sowing ( 2  passes)  

- plough 20 cm 

ro tova tor  7 cm + seedbed prep.,  

p lan t ing  ( 1  pass)  p l a t i n g  ( 2  passes )  

row-rotovating + row-rotovatine + 

r idg ing  ( 1 pass )  r idg ing  ( 1  pass)  

With respect t o  s o i l  s t ructure  r e su l t s  u n t i l  now were similar ( tab le  
2, f i g .  1 )  for  both experiments, mainly due t o  the fac t  t ha t  wheelpath 
or  bed systems (Kouwenhoven, 1975) could not yet  be f i t t e d  in to  the 
loose-soil system. 
Differences i n  t o t a l  pore space between systems A (loose-soil husban- 
dry)  and C ( r a t i ona l  t i l l a g e )  were only s l i g h t  a t  the 2-7 cm depth. A t  
a depth of 12-17 cm A was equal t o  or  s l i gh t ly  be t t e r  than C (effeL,i, o f  
seedbed preparation) while a t  a depth of 22-27 cm A nearly always i 'xd  2. 

l a rger  pore space than C (e f fec t  of working depth). With zero-tl 11: ::: 
(system B) s o i l  s t ructure  was much worse: a t  2-7 and 72-77 cm depti: it 
approached the maximum density for  t h i s  s o i l  (pore space 39%, v/vj. Ir 
the  22-27 cm layer ,  not prone t o  compacting e f fec t s ,  pore space wa:~ 
somewhat higher. 
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Fig.l. EHF "Westmaas" ( 1971-1975) - Pore space, averaged over 4 crops. 
A = loose-soil husband?.?.; B = zero-ti l lage; C = ra t iona l  t i l l a g e .  

It is s t r ik ing  tha t ,  i n  all systems, pore space decreased i n  the  course 
of time and even i n  systems A and C f e l l  below the c r i t i c a l  l eve l  f o r  
t h i s  s o i l  (pore space 4556, v/v; a i r  content a t  pF 2.0 about lo%, v/v) .  
However, t h i s  t rend was due mainly t o  t he  e f fec t  of bad weather condi- 
t ions  during autumn and winter 1974/1975. Thanks t o  t he  subsequent 
f ine,  dry summer, d i s t i nc t  signs of recoirery could already be noted i n  
the  autumn of 1975. 
Averaged over t he  years there  were no s ignif icant  differences i n  y i e ld  
l eve l  between systems A and C f o r  the  crops studied. 
With zero-tillage, t he  y i e ld  l eve l  was  c lear ly  lower, especially with 
root crops. Experimental evidence suggests t h a t  actual  differences 
between systems A and C were due mainly t o  differences i n  qual i ty  of the  
seedbed o r  i n  amount and aggregate diamater of the  loose s o i l  i n  t he  
potato ridges. With respect t o  zero-ti l lage it can be s ta ted  tha t  nega- 
t i v e  e f fec t s  of poor s o i l  s t ructure  predominated. These negative e f fec t s  
may be compensated, a t  l e a s t  par t ly ,  by preparing a good seedbed and by 
increased nitrogen dressings. 

To what extent these r e su l t s  w i l l  hold f o r  extremely narrow rotat ions  i s  
being studied i n  new f i e l d  t r i a l s .  Preliminary r e su l t s  indicate t h a t  
fur ther  in tens i f ica t ion  of the  crop ro ta t ion  and a higher net  re turn 
are  possible only i f  labour-saving al ternat ives  f o r  ploughing and other 
important par t s  of the  t i l l a g e  system are  introduced. 

ALTERNATIVES FOR PLOUGHING AND RATIONAL TILJAGE 

Alternatives for ploughing depend on crop rotat ion,  s o i l  type, and 
climate. Moreover, i n  ngr opinion, the  a l ternat ives  should contri- 
bute as much as  possible t o  t he  net  p ro f i t  from the  farm fo r  the  dura- 
t i o n  of t he  crop rotation.  
The most promising a l te rna t ive  for  ploughing.found so  f a r  is the modern 
rigid-tined cul t ivator  or  ch ise l  plough which produce about the  same 
in tens i ty  of loosening as  the  moldboard plough. However, depending on 
the way of s o i l  breaks up between the  t i nes ,  the 'e f rec t ive  average 
working depth of a cu l t iva tor  i s  up t o  5 cm shallower than the depth 
of the  t ines .  Therefore, below 20 cm depth one has t o  reckon with a 
denser s o i l  than with ploughing. Hence, it i s  not advisable t o  con- 
t inue cul t ivat ing t o  t h i s  depth for  many years. As a cul t ivator  does 
not invert  t he  s o i l ,  green crops cannot been turned under properly. 
Therefore, they have t o  be k i l l e d  chemically. When they have produced 
much bulk, a shallow pre-treatment with a full-width rotovator has t o  
be added. As these are  costly,  time consuming measures, ploughing i s  



preferred i n  t h i s  case. For the  same reason the  spading machine is  now 
obsolete i n  Holland. The non-inverting action of the  cul t ivator  has 
the  b ig  advantage t h a t  potatoes l o s t  a t  harvest s tay i n  tine topsoi l  
where they have the best  chance of being frost-ki l led ( L W e s ,  1974) 
However, not inverting the s o i l  means a lso tha t  sugar beet tops and 
leaves as  well as  rhizomatous weeds s tay near the  surface. Hence, 
for  spring cereals and sugar beet ,  seedbed preparation, serving a i sc  
as  mechanical weed control ,  i s  indispensable. Also l a t e r ,  intensive 
weed control  has t o  be continued. 

Generally, there  are  no objections t o  replacing ploughing by cu l t i -  
vating. However, i n  some cases a par t  of the zero-tillage system may 
serve as an a l ternat ive.  For instance, i n  the  narrow crop rotat ion 
sugar beet - winter wheat + ryegrass - potatoes, deeply loosening 
of the  s o i l  may not be necessary,for winter wheat. When excessive 
ru t t i ng  has not occurred the wheat can be d r i l l ed  eas i ly  with a t r i p l e  
disc machine. Other poss ib i l i t i e s  are using a semavator or  broad- 
casting the  seed and working it under with a spring t ined cul t ivator .  
After potatoes, however, it i s  imperative t o  leve l  the  surface and 
t o  mix the f ine s o i l  created a t  harvest with coarser material  from 
beneath t o  re-establish contact with t he  subsoil and t o  create  enough 
storage capacity for  water. This i s  accomplished i n  one pass with the 
rigid-t ined cul t ivator ,  provided 6 t o  10 HP per t i n e  is available.  
After winter wheat ploughing i s  preferred, as  outlined before. 

Along these l i n e s  a l ternat ives  for  ploughing may be found and incorpo- 
ra ted i n t o  a system of ra t iona l  t i l l a g e .  While not denying tha t  high 
yields are  r i gh t ly  looked upon as the  basis  for  a high net p ro f i t ,  it 
is  a matter of weighing costs and returns t o  determine t o  what extent 
the  spec i f ic  demands of crops with respect t o  s o i l  s t ructure  and 
weeds may be met. 
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Multi-powered s o i l  t i l l a g e  implements 
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Wageningen, The Netherlands 

ABSTRACT 
General propert ies  of multi-powered too ls  a r e  discussed on the basis  
of ro ta t ion ,  osc i l la t ion  and translation. 
Specific work of a rotary t i l l e r  i s  detitrrcined (indoor) i n  clay a d  
sand. 
Field measurements w i t h  machine and s o i l  data  are  given for  Dutch 
machines l i ke  the rotary digger, the juryvator and the tine-equigped 
machines fo r  seedbedpreparation. 

PRESENT INTEXEST . 

Multi-podered s o i l  t i l l a g e  implements becone more and nore popular i n  
'he Netherlands, especial ly  on si l t  & ~ d  clay s o i l s  w i t h  workability 
problems (from appr. 306 <16pm) . 
~ l s o  on inese s o i l s ,  the  farmer is  forced, t o  grow rootcrops i n  a 
narrow rotation nowadays. Tne high value potato-crop for  i n s t a c e ,  
demands-a well c r u ~ b l e d  plantbed, t o  favour a prosperous growth and a 
f u l l  mechanical harvest  of the ridges.  
Sugarbeets on the i r  turn need a ra ther  f ine  and f l a t  Seedbed, t o  
provide a good germination, care and harvest. Heavy clay,used as  
areable laid,  i s  only wel l  su i ted  fo r  cereals  and rape, which crop has 
t o  be sown very quick a f t e r  wheat-harvest i n  August. In both t h i s  
circumsta~ces multi-powered implepents, can perform a good t i l t h  
within a short  period a?d very often one operatio2 w i l l  be su f f i c i en t .  
Drzwn implercents move s t r a igh t  forward only. Thus, the  t i l th i s  very 
dependend on the i n i t i a l  s o i l  condition can be effected only by 
t r ac to r  speed. 
The energ-- transmission by wheels w i l l  cause s t ruc ture  damzge 
(compaction ect .  ) . 
Rotating and osc i l la t ing  tools ,  a s  examples of multi-po-wered implements 
a re  preferred sometimes, i n  s p i t e  of t he i r  more complex mechanism. 
Draft i s  reduced or replzced by ro t a t ing  energy which is transmitted 
by p.t.0. very e f f i c i sn t .  
T h i s  rotation,superposed on forward speed, of fe rs  many p o s s i b i l i t i e s  
for  s o i l  manipulation. 

PATH OF MOTION 

In f ig .  I the d i f f e ren t  applied pr inciples  of ro ta t ion ,  o sc i l l a t ion  arid 
translation are  presented. 
Rotation and t ranslat ion a r e  powered with constant speed (producing 
cycloids resp. diamond pat tern)  while osc i l la t ion  is  generated i n  the 
same way as  the well known cu t t e r  bar,  producing s inus curves. . 
The t i l l age  in tens i ty  generally is influenced by the  bicelength 1 

forward speed 
(number of tools/sec ) and the tool  speed. 

Tines are well suited f o r  t ransport  and pulverisation of bare,work&le 
s o i l  (si tuation i n  springtime), while blades and knifes  can c u t  r z t k e r  
wet s o i l s  and plantresidues (practised mostly a f t e r  harves t ) .  
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. . . . .  . a )  ro ta t ion  b) o sc i l l a t ion  .-. ' . - ,  C )  t ranslat ion . 

Fig. 1 Path of motion for  d i f f e ren t  pr inciples  (forward speed 1 m/sec) 

I I 

a )  ro ta ry  digger b) ro ta ry  t i l l e r  C) "buryvator" 

'Fig.  2 Three pr inciples  of v e r t i c a l  rotation." 

, . .  
. . 

. . .  'APPLICATION OF VERTICAL ROTATION . . . . . .  
. . 

Vert ica l  rotat ing t o o l s  a c t  with an open furrow; thus the  whole s o i l  . . 
. . =ass is transported. 

Clods and p l an t  residues "ill meet G i t h  t o b l  forces  from top and ' w i t h  
counter pressure from bottom, between' which t h i s  materials w i l i  be ., . . 
c u t  down ect.  
The generated s o i l  flow can be manipulated by, auxi l ia ry  pa r t s  i n  be- 
half  of crumbling, leveling, ridging, mixing, s e g r e ~ a t i o n  ect: 
In  f ig .  2, the  pr inciple  of w e e  machines is presented: 
a) b i t e s  turned o r  pushed down i n t o  -he furrow ( ro ta ry  digger) 
b) b i t e s  bumped against  cover, f l a p  o r  r idging body (rotary t i l ler) 
C) b i t e s  trowed through the  g r i d  (buyvator )  

. . 

- SOILBIN PI'ZSUREWENTS 

Tne torque requirenent of ' the  ro t a ry  t i l l e r  with blades,  has . been 
determined i n  clay and s i r d  (Burema 1976). 

. . 
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Fig. 3' Relation between specific work ( A s )  and blade speed N (r-p. s ~ c ) ,  
for different bites  (BLlon clay (K) and sand (Z) a t  a depth of 1 dm. 

According t o  the  formulas (fig.  3 ) ,  the  spec i f ic  work increases cubic 
with circumferential speed and decreases l inear  w i t h  b i te length and 
forward speed. 
The rotary t i l l e r  enables t o  put  i n  a l o t  of energy i n t o  the s o i l ,  used 
f o r  cutt ing,  acceleration ec t .  
I n  the  f i e l d ,  the resis tance of agr icu l tura l  s o i l s  w i l l  l i e  i n  between 
this cohesive and f r i c t iona l  indoor-soil, and the same model w i l l  hold 
i n  principle.  

FIELD MEASUFC2NEXTS 

I )  R a t a r y  digger (fig. 2a) 
Measurements have been carr ied out  w i t h  two types of ro ta ry  diggers,. 
pushing, resp. t ipping the b i t e s  from the blade. 
The bi te length has t o  exceed the depth (appr. 25 cml t o  g e t  enough 
clearance. 
A t  a gross capacity of 0.4.ha/hour, the energy consumption of both 
machines (width appr. 2 my w i l i  amount t o  ap?r. 20 Hb on dry and wet 
s i l t  s o i l .  On clay s o i l  40-50 Hp i s  needed; espec ia l ly  on wet s o i l .  
Due t o  s t icky  problems, a more d i f f i c u l t  removal of the b i t e s  i s  found 
by pushing, compared with tipping. 
Ploughing instead of digging needs almost ha l f  of the above mentioned 
energy, bu t  the wheelpower is transmitted w i t h  r e l a t i v e l y  low 
efficiency. 

2) Buryvator ( f ig .  2cl 
The buryvator has t o  operate witb a minimum bi te length,  according t o  
the interspace of the gr id  (5 cm), t o  enable the segregation of sods. 
The power requirement of this maoline (width 1.53 m, depth 15 cm) i s  
ra ther  high on the compacted tu r f  especial ly  on heavy. s i l t  and clay 
s o i l s  (appr. 70 Hp a t  2 km/hour). On sand and pea t  s o i l s ,  45 Hp appears 
suf f ic ien t .  



3) ~achines  for seedbedpreparation 
In spring 1975 powered implements have been tested w i t h  the spring ' .  

t ine cultivator a's control. General machine- and soildata (4 repetitions) 
are s w a r i s e d  in  table 1. 

Cultivator: t o t a l  power is delivered by the drawbar and amounts t o  
appr. SO00 N. Specific work and crumbling effect  are low. Classification 
i n  th is  way (clods C20 m) is easy t o  determine and t o  evaluate 
(compare with Steinkampf, 1974). 

. . 
Oscillating harrow: without gearbox, the technical tinespeed can 
hardly be adjusted. 
The bulldozing effect  during shallow work is favoured by a blade, t o  
level the s o i l  i n  front of the machine. The dra f t  i s  rather high 
(appr. 7000 N) and the manageable specific work remains low. 
The requi-red torque remains the same, independent from forward speed. 
Thus, s p.t.0. power decreases'with increasing forward speed. 

Horizontal harrow: stationary, the t ines describe circular touching 
prints. A t  low r-p. m the machine looks l ike the oscillating harrow 
more or less; a t  higher r.p.m the performance achieves those of the 
rotary t i l l e r .  

Rotary t i l l e r :  the ver t ical  moving t i n e s w i l l  mix dry top so i l  w i t h  
relatively wet subsoil. By means of the big diameter, ridging is 
possible l a te r  on., 
Very high specific work is  manageable'and gives agreskive action. 
Caution in  handling is  desired. 
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cONCLUSI~ . . . . . . 
. . 

The defenite machine ' select ion has t o  be made, dependent on s o i l  type 
and crop rotation. ' ' 

I n  Dutchareable farming, one may expect nore and more powered 
implements, the more s o a s  obstacle problems generally d o n o t  occur. 
Simple mechanicle pr inciples  ( f  .i. rotat ion)  a re  preferred above 
vibration and t rans la t ion ,  from point  of vieuw of wear and tear. 
The machines of fer  p o s s i b i l i t i e s  fo r  spec ia l  si tuations.  ( t i m e  missing 
f o r  t i l l a g e  sequence) and f o r  "heavy duty" jobs l i k e  s o i l  s t e r i l i s a t i o n .  

. . . . 
. . 
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Extensive cereal prodcction in mirimum xiilaxe as al~er- 
native form for landscape skspirg 

Manfred Probst 
Universitat Hohenheim (LH) 

Abstracts: --------- 
Because of many reasons former arable laild lies fallow - 
almost exclusively in nice landscapeswith poor agricul- 
tural produc~ion conditions. 
Instead of using shaping methods that cost money, our 
idea is,to practice an arable method offering a cultiva- 
ted and shaped open landscape with changing aspects during 
the year. Our results show that it is possible to get a 
sufficient grain yield while producing extensively, that 
is no ploughing, no straw harvest, low mineral fertilizer 
level, no or only a few spraying and using suitable cereal 
(rye, barley, oats) and green crops (legumes,rape). 
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In natural landscapes there is no need for any shaping 
its aspect-Questions of landscape shaping become actual 
when arable land is not cultivated any more. In W.Ger- 
many tne amount of former farm land lying fallow incre- 
ased from 220.000 ha in 1970 to about 300.000ha in 1974 
and a pessimistic taxation of this development predicts 
for 1980 1- 1,8 Mio. ha fallow land in W. Germany. (6) 
Reasons for this are known as - the economical development that offers a better income 
in the industry than on farms 

- unequal. structure of farm land 



- poor quality of the factors soil, water, land inclina- 
tion a.s.0. 
A similar development also takes place in other euro- 

pean countries (4). Though fallow land also shows some r. . 
advantages, it is generally refused because of reasons 
like 
- this development directly leads to some form of wood 
that in many regions is sufficient 070%) and a recul- 
tivation than will become difficult. 

- the unshaped aspect is not liked and has a negative in- 
fluence on tourist traffic. 

As most of the fallow land was former arable land, and 
different types of an extensive land use are not profit- 
able and cause costs ( 1 )  we vote for an extensive agri- 
cultural method consistin in: 
1. Cereal crop-rotations 7 barley, oats, rye) with and 

without cultivation every year 
2. Minimum cultivation with a rotaseeder, that is direct- 

drilling and tilling the soil shallow but totally 
3. No stubble cultivation, straw remains eveniy distri- 

buted on the land 
4. Nitrogen level is low but sufficient, 0-80 kg/ha de- 

pending from the kind and the chance of establishing 
a'green crop' 

5. P/K (MgO/caO) fertilizer application to a cereal crop 
is relatively low (,4P,0 kg/ha K*O/P~O~) according to 

the nineral bilance. 
6. While using competitive cereal crops, spraying is con- 

fined to phenoxy-herbicides (Ix) 
7. Depending from agricultural manpower available, a 

"green fallowt' of(66%) 50,30,25,0% in the rotation is 
planned. 

Because of the extensivity, the operating costs of grain 
production become evidently lower, and we only need an 
average or low grain yield of 20-40 dt/ha to meet the 
costs (8) instead of risking a maximum yield while usihg 
a high level of intensity. A similar calculation concern- 
ing wheat production (2) supports our thesis.Beyond that, 
this cultivation method promises a very few charge of 
environment by erosion from sloped arable land (7). 
Some years ago one demanded analternative form of land 
use for the 'lSchwabische Albm, providing erosion control 
like pastures and avoiding the monotonous aspect of them 
(3). As fallow land often occurs on soils with evident 
deficiencies of limiting soil management and high yields, 
3 different field tests were carried out on 2 typical.. 
poor sitas of'arable land (6). 

~ a ' r . :  ~ r . a ~ x c t a ; i ~ r ; c s  ................................................. o f  t i lc  s i t e s  of  :he z rield t o n t a  

I 
l..'>ll 

,:lr~y w i t ! ,  :L > J$:h 0316 
tage oi iire~toces 1 



. . 
Our questions were: .. . ------------------ . . 

1. Which grain yield is possible under these production 
conditions on different poor sites to decide, whether 
one or the other extensive form of grain productio- 
is profitable or not? 

2. Can a fallow in the rotation (old three-fieldTsyste4 
increase the grain yields? 

3. Is it worth while establishing a green-crop - and 
which one - in the time between a winter and summer 
cereal crop or in the fallow years? 

4. Does this cultivation rpethod without the plough suf- 
ficiently fight a weed infestation (grass)? 

5. What about the traversibility of these fields(for 
recreation uses) in the time between harvest and seed? 

The 60 kg/ha N-level only lightely effecks the corn yield 
of rye positively in 1974. The 60 kg/ha N-level even 
lowers the grain yield of barley. The reason of it is un- 
known. The fallow year without green crops, but weed in- 
festation with thistles ( 1 9 7 3 ) ,  increased the grain yield 
of barley by about 15% in 1954. 

~ ; , h . 5  i:,.a.in yield:; w i t h  axtn:~: i ive  ccrcal  j r roducLlcr i  - I l i l l , ! ~ e r - 1 I I - : ~ U , I " I 1 i i -  

I 

& 70 
e~ultivatiol 
(fallow 10 Y.) 

, ---- 28.9 14,9 I 



On this site a relatively high nitrogen level increased 
the grain yields of oats and rye in each variant. 
Higher grain yields were obtained while cultivating the 
land every year after the plough instead of the rotary 
hoe. The reason of this can be seen in the fact, that on 
I1 deer grazed the rape green-crop totally (this was 
about 30 dt dry matter/ha) in autumnt1973. Another fact 
was grass infestation. It seems to become a problem 
(~pera spica venti, Agrostis ssp.) 
This is why we vote for ploughing every two years on this 
site when a green-crop fails. Fitting in a fallow year, 
its effect on the grain yield of winter rye was most evi- 
dent using the "Trifolium repens green-crop" instead of 
none. The high yield after a green fallow with Trifolium 
repens and the 70 kg/ha N-level can -even on the long run- 
be more profitable than ploughing every year. Because of 
the possibility of a grass-infestation during a fallow 
year, the N-and humus adcumulation, one should not miss 
the suitable white clover catch-crop on this site.-The 
recultivation of =.over ten years old fallow (V) - using 
the rotaseeder and 70 kg ro ha showed a surprising yield 
of oats (29 dt/ha) in 1974. 
In this first year after a long fallow period the field 
was clean from grass-weed and oats showed a very healthy 
aspect bulthe tillering was low. The following grain crop 
in this variant (rye 1975) had a low yield, may be be - 
cause of the increasing grass-infestation, N-immobilisa- 
tion by straw(oats) and no P/K fertilization. 

Tab: Grain yields of ~oi leyIdVho1 dependng from different green-crops 



A two-year fallow with different green-crops showed 
distinct effects on the grain yields of barley. The i: -- 
tensive treatment showed -almost with no exception - 
higher yields. Best results we got after Medicago lup1.~- 
lina. Very similar results were obtained with Trifoliuu! 
repens, rape spec. and Lolium multiflorum. Perko and 
Lathyrus sativus are invalid because of there complete 
infestation by Atriplex patula. 
Summarising we can state, that the catch-crops with a 5aC 
growth and competition in the second year showed lowest 
yields (Fallow, T'hacelia, Akela-rape) and a phenoxy- 
herbicide spraying there had highest and significant ei- 
fects. In each case the grain ylelds after a catch-crop 
exeed these after a mere fallow with its higher weed in- 
festation. 
The question of the need of an alternating ploughing, 
while predominantly using a rotaseeder for soil tillage 
and seeding in this form of an extensive cereal productio:- 
seems to be depending on 
- the type of weed infestation - the competition effect of the cereal type - the application of a competitive catch-crop in the 
"fallow year" 

As far known, there is no need forploughing while using 
winter-rape kinds as a very competitive catch-crop on a 
one year fallow or clover kinds on a two-year fallow. 
%en no spraying is needed in the first cultivation year 
after an old fallow on the sandy site. 
It is evident that the straw mulch after the harvest i r n -  
proves the traversibility of fields. With this respect, 
a mere straw mulch without a green-crop in the time after 
harvest and bevor seed seems to be better. 
So far our experiences with a new method of landscape - 
shaping. This was only practicable because of the new 
technology of direct-drilling with a rotaseeder. Asto the 
grain yields achieved in our field tests, we can state 
that there are possibilities to meet the costs of a land- 
scape - shaping in this way. 
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DANIS13 EXPEPDCWTS ON SOIL COMPACTION 

K a r l  J. Rasmssen 
Statens Forssgsstation, DK 6280 Hajer, Denmark 

ABSTRACT 

S o i l  compaction by t r a f f i c  in sprL?.g has reduced the pore space 
and the a.ir content in the  upper 6-10 cm. The reductions a r e  
greates t  a f t e r  the f i rs t  rzn? aver and a f t e r  compaction under wet 
conditions. 2 

A spec i f ic  v e r t i c a l  pressure > 0.7 kg/cm has i n  many cases 
reduced the  a i r  content t o  l e s se r  than l o  volume per cent. The 
compaction causes a reduction in the par t  of large  pores 030 pm) 
and the kiydraulic conductivity decreases, Intensive t r a f f i c  on 
wet s o i l  has given considerable smaller y ie lds  of grain, whereas 
moderate t r a f f i c  under idea l  and dry conditions hasn' t  dm-e any 
damage. In cer ta in  circumstances under dry conditions the compac- 
t i on  has even been useful.  

The optimum pore space on the  saxdy loam s o i l  i s  41-44 volume 
per cent and on the  s i l t y  loam s o i l  50-54 volume per cent ,  while 
the  optimum a i r  content in both of the  s o i l s  i s  11-15 volume per 
cent. 

SOILTYPES AND E x p a s  
Ekperiments w i t h  s o i l  compaczion before swing of barley in spring 
were carried out in the  years 1970-1974 on sandy s o i l  at Jyndevad, 
on sandy loam a t  Rcm3ave and on silty loam at Hajer. The texture 
of the s o i l s  i s  shown in tab le  1. 

Table 1 Analysis of the  texture ir? the  upper 0-25 an, per cent 

Humus Clay S i l t  Fine sand Coarse sand 
<0.002 0.002- 0.02- 0.2-2.0 

mm 0.02 mm 0.2 m m 

Jyndevad 1.8 3 2 I S  75 
RQnhave 2.1 13 1-7 49 19 
Herjer 2.2 1.5 13 70 o 

In the f i e l d s  the  s o i l s  were compacted w i t h  t rac tor  wheels respec- 
t i v e l y  0, 1, 2 and 4 times under wet, i dea l  and d r y  conditions. 
Experiments w i t h  d i f fe ren t  spec i f ic  pressure are  carried out in 
lysimeters on the  same s o i l  types a s  in the  f i e ld s .  The specific 
pressure has been respectively o, 0 ,  0.7 and 1.0 kg/c&. 

WRE SPACE, WATER AND AIR COWTENT 

Figure 1 shows the content of pore, water and air of the s i l t  loam 
s o i l  inrmediately a f t e r  compaction in spring. The t r a f f i c  causes a 
reduction in the pore space and a i r  content. The greates t  changes 
occur a f t e r  first run aver. m e  total pore spd-ces in the upper 6- 
l o  cm of the s o i l s  a r e  s h m  i n  tab le  2. O n  the  sandy s o i l  the 
pore space is  reduced from 51.4 volume per cent i n  the uncompacted 
s o 3  t o  39.7 per cent a f t e r  4 compactions, at the sandy loam from 
42.3 t o  36.5 per cent and on s i l t  loam from 53.0 t o  45.7 volume 

2 per cent. A spec i f ic  v e r t i c a l  pressure of 1.0 &an has under wet 
and idea l  conditions reduced the air content t o  l e s se r  than l o  vo- 
lume per cent on the  loamy soi ls .  0.7 kg/c& has only in a few ca- 



ses  reduced the  air content t o  l e s s e r  than l o  volume per cent 
which is regarded as the  lowest limit f o r  a i r  content in these 
s o i l  types. 

F i m e  1 Pore space, water and air content in 6-10 cm depth a f t e r  
establishment in spring. S i l t  loam. 

pore space by 
volume per cent 

air 
40 

w a t e r  
20 

0 
0 1 2 4  o r 2 4  o 1 2 Y  n-ers of compaction 

wet ideal  dry conditions 

 ON CURVES AND HIRE SIZE DIS-IONS 

Retention curves from the f i e l d  experiment on the  sandy s o i l  and 
from the  lysimeter experiment w i t h  s i l t y  loam a re  shown in f igu re  
2 and the  pare s ize  dis t r ibut ions  a r e  shown in tab le  2. 

Figure 2 Retention curves far sandy s o i l  ( ~ ~ n d e v a d )  and s i l t y  
loam (~er je r )  

no compaction 
- 1  compaction 
"s----4 compactions 

c. 

I \ 

0 do Yo 0 20 Yo 

water by volume per cent w a t e r  by volume per cent 
On the  sandy s o i l  the  par t  of l a rge  pares a r e  reduced from 37.4 
volume per cent in uncompacted s o i l  t o  21.7 volume per cent a f t e r  4 
compactions. A t  the  same time the  par t  of medium pores a r e  increased 
from 9.9 t o  13.0 volume per cent which means t h a t  the water household 
is improved because the par t  of small pores a r e  almost identical .  On 
the  sandy loam the  par t  of coarse pores a r e  decreased f r o m  12.4 t o  
6.3 volume per cent and on the s i l t y  loam from 14.4 t o  3.9 volume per 
cent. 



Table 2 Pore s ize  d i s t r ibu t ion ,  per cent by volume 

Pore s ize ,  p 
l a rge  medium small Pore 

Jyndevad (sand) > 30 30-0.2 <0.2 volume 
Uncompacted 37 -4 9-9 4.1 51.4 
1 compaction 24.6 12.5 4.8 41.9 
4 compactions 21.7 13.0 5-0 39 -7 
R a v e  (sandy loam) 
Uncompacted 12.4 19.0 10.9 42-3 
1 compaction 12.1 18.5 11.1 41.7 
4 compactions 6 -3  17.3 u - 9  36.5 
Hajer ( s i l t y  loam) 
Uncompacted 14.4 29,2 9.4 53-0 
1 compaction 6.0 31.3 10.4 47 -7 
4 compactions 3-9 31.0 10.8 45.7 
HYDRAULIC CONDUCT.= FOR SA-ED SOIL 

Eydraulic conductivity f o r  saturated s o i l  (kf)  is dependent on the 
par t  of large  pores as shown in f igure  3 where the r e s u l t s  of meas- 
ur ing from the  three  s o i l s  a r e  shown. Small changes in the par t  of 
l a rge  pores mean great  changes in the  conductivity. 

Figure 3 The re la t ions  between the par t  of coarse pores and 
hydraulic conductivity for saturated s o i l  

kf , nnn per hour 

sand, r = 0.87 -*** 
sandy loam, r = 0.71 ?WCX 

/.' - - - -  silty loam, r = o.76"** 
average, r = o. 87 -x*-* 

I J 
0 20 Yo 
Pores > 30 p by volume per c e n ~  

THE YIELDS OF GRAlN 

The influences of t he  compactions on the  yLelds of barley a r e  
shown in tab le  3 which shows the averages of the years. On an 
average one compaction hasn't been injurious t o  any of the  so i l s .  
Two compactions have reduced the  y ie lds  on the  loamy s o i l s  under 
wet and idea l  conditions and four compactions have reduced the 
yie lds  on a l l  three s o i l  types under wet and ideal  conditions 
whereas the  injury under dry c o n d i t i a s  w a s  minimal. 

Two compactions under dry conditions on the loamy s o i l s  have 
been useful. In years w i t h  moisty growing seasons (May-June) 



Ynere are found considerably reductions in the yields a f te r  com- 
paction. 

Some years with dry summer the yields are increased a f te r  com- 
paction. The relations between yields, pore space and air content 
are shown in figure 4. 

Table 3 Yields a) in 

Conditions numbers of Jyndevad RQnhave H[o jer 
of wetness compactions sand sandy loam silty loam 

wet o 30.8 49.7 49.1 
1 31-3 50.4 48.9 
2 30.6 48.3 45.3 
4 29.0 45-5 36.6 

=95 
- 3.4 2 -7 

.o 30.4 50.6 47.0 
1 30.4 51.0 48.9 
2 30.1 52-3 49 -4 
4 .  29.8 49.1 47 -4 

-95 
- 1.9 - 

F i v e  4 Relation between yield, pore space and air content 
hkg gra-in per ha hkg grain per ha 

'fo 5, 10 20 

pore space by volume per cent air content by volume per cent 

The optimum pore space is 41-44 volume per cent in the sandy loam 
and 5-54 volume per cent in the silty loam. The optirmrm air content 
in  both of the so i l s  is 11-15 volume per cent. 

It hasn't been possible t o  record some relations between yields, 
pare space and air content in the sandy s o i l  because periods of 
draught in the growing seasons most years have limited the yields. 

w m m :  
Rasonrssen, K.J. (1976) Soil  Compaction by t r a f f i c  in spring. 

I. Conditions of growth and yields 
IT. Soil  physical measurements 
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COMPACTION AND ROOT GROWTH IN  RELATION TO 
CULTIVATION 

R Scott Russell and M J Goss 

Agricultural Research Council Letcombe Laboratory, Wantage 
OX12 9JT, England 

ABSTRACT 

Simplified methods of cultivation, especially direct d r i l  I ing, 
usually increase soil compaction. An understanding of the effects 
of mechanical resistance on root penetration thus assists in inter- 
preting responses of crops to different systems of cultivation. 

I f  roots experience external pressures greater than a small 
fraction of a bar their rate of extension i s  much reduced and their 
branching can also be modified. Adequate root growth thus 
requires the presence of sufficient continuous pores which roots 
can penetrate freely or  expand while resisting only small pressures. 

Ttie greater compaction of undisturbed soil may not result in a 
corresponding reduction in these avenues for root extension, but 
relationships can vary greatly depending on soil and climate. 

Introduction 

Traditionally the cultivation of soil sewed two main purposes, to 
control weeds and to provide a suitable environment for  the growth 
of plant roots. These needs had been recognised before the dawn 
of the Christian era and until recent decades there was l i t t le 
change in the basic methods used in Western agriculture, namely 
ploughing followed by secondary operations to create a seed-bed. 
These operations appeared to be such an essential part of good 
husbandry that except in those areas where elaborate tillage gave 
r ise  to problems, for  example because of soil erosion, there was 
l i t t le  incentive to study the functions they served. Thus, in our 
country the f i r s t  detailed experiments on the effects of cultivation 
on crop growth in the absence of weeds did not commence until the 
1920s (see Keen and Russel 1, 1937); the situation was broadly 
similar in other areas. I t  occasioned much surprise when these 
investigations showed that, in the absence of weeds, the distur- 
bance of the soil to the extent formerly practised was unnecessary. 
But this information was of l i t t le practical importance; cultivation 
was essential for weed control. 

More recently the development of herbicides caused the situation to , 
change dramatically. Much reduced cu!tivation is now possible - 
even direct dr i l l ing (zero cultivation) can be successful in many, 
though not all, circumstances. I f  ful l  advantage is to be gained 
from these new opportunities, without undue risk, a much ful ler 
understanding i s  required of how plant growth is affected by the 
changes in soil physical conditions which occur when cultivation 



is suspended. Of these one of the most obvious, though not neces- 
sarily the most important, i s  the greater compaction of the soil. 
Thus, in the f i rs t  part of this paper we consider some of the basic 
effects of compacting the soil on root growth. Subsequently we 
refer to these responses in the broader context of crop growth under 
different systems of cultivation. 

Compaction and the porosity of the soil 

The presence of a sufficient number of pores which drain freely 
under gravity, i. e. diameters greater than 60-1 00 pm, is  a prime 
requirement equally for  drainage in wet conditions, for  aeration and 
for  root growth. Some introductory comment on the effects of com- 
paction on pore space is  therefore relevant. There is  no easier 
way of reducing the volume of soil occupied by pores, especially the 
larger ones, than by compression - for example, by smearing sur- 
faces with implements or  by the traffic of machinery or  animals, 
especially when the moisture content is high. The magnitude of 
change which can occur is  indicated by Schuurmanls (1 965) observ 
tion that when the bulk density of soil r ises from 1. 2 to 1. 5 g. cm -3'- 
the total volume of pores greater than 100 pm decreases from 17.4 
to 1. 6% (Fig 1). But there is  no simple relationship between the 
pressure to which soil i s  subjected and the extent to which pore 
space is affected. Soil llstrengthll i s  influenced both by water con- 
tent and by the stability of the pores. 

Bulk density (a cm-3) 

Volume of pores % total soil volume 

FlGURE 1 

Effect of compaction on pore size distribution in a sand with 
2. 1 % humus. (Derived from Schuurman, 1965) 



Compaction and root growth - mechanical impedance 

The reduction in the volume of the larger pores in soil, to which 
compaction can lead, can affect root growth in many ways. Of these 
mechanical impedance is  mainly considered here blit i t  i s  important 
to bear in mind that i f  compaction increases the aeration of the soil 
may also be affected Because oxygen diffuses in the gas phase 
some 10, 000 times more rapidly than in solution, the aeration of the 
soil depends largely on an adequate continuity of air- f i l  led pores 
and i f  the rate at which oxygen is  used in respiration by roots and 
micro-organisms is relatively high the concentration of oxygen may 
sometimes sink to zero only 2 mm from aiy-filled pores (Greenwood, 
1969). Thus, because of the effects on pore space in compact soils, 
plants growing in soil may simultaneously be exposed to anaerobic 
conditions and mechanical impedance. Quantitative re1 ationships 
between mechanical forces and root growth are therefore seen most 
clearly in art i f icial systems where mechanical forces, such as roots 
experience in the soil can be simulated but other factors are main- 
tained constant. The majority of the results now to be discussed 
were obtained in this way. 

The response of roots to mechanical stress was l i t t le studied until 
the last few decades despite the fact that before the end of the last 
century F'feffer (1893) had shown that when rigidly confined living 
roots could exert considerable pressures, perhaps 10 bar. The 
minimum pressures which restr ict  root penetration are of greater 
rel.evance to crop growth and i t  was not until after 1950 that Gil l  and 
Mi l ler  (1956) made the f i r s t  quantitative study of this question. 
Another important observation was made by Wiersum (1957); he 
showed that roots are unable to decrease in diameter to penetrate 
pores smaller than themselves. I t  i s  now wel; established that if 
roots have to resist pressures of more than a small fraction of a bar 
to expand pores their rate of elongation may be considerably re- 
duced. In  barley (Hordeurn vulgare) the length of roots is reduced 
by a f i f th when the external pressure is barely half an atmosphere 
and pressures as low as 0.2 bar can lead to considerable stunting 
(Fig 2). Although inter-specif ic differences occur, al l experiments 
in which the pressures which roots experience have been direct1 y 
measured show a considerable reduction in elongation if the pres- 
sure resisting penetration is  0. 5 bar o r  less. Growth can, however, 
proceed slowly against considerably higher pressures. 

The branching pattern of roots is also affected by external preSSUPe. 
Laterals are closer together and their length may be much increased 
i f  the pores in the rooting medium permit them, but not axes, to 
penetrate freely. Sometimes this can lead to a root system con- 
sisting mainly of laterals born on stunted axes (Fig 3). These root 
systems are very shallow - the total depth with cereals being l i t t le 
more than 5 cm after 3 weeks growth. Under f ield conditions such 
root systems suffer obvious disadvantage through a restricted 
supply of water and nutrients. But i f  they are protected from 
these stresses the weight of the piant and the uptake of nutrients 
may not be impaired (Russell and Goss, 1974). 

The mechanism which causes the extension of roots to be so much 
affected by small pressures is  not yet understood but i t  seems that 
there may be effects on hormonal control mechanisms inthe root 
meristem and on fine structure (Russell and Goss, 1974). 
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FIGURE 2 

Effect of applied pressure on the rate of elongation of 
' 

seminal axes of barley (Hordeum vulgare). Plants 7 days 
old grown in beds of ballotini of varying pore diameter. 

Irrespective, however, of the exact mechanism by which roots 
respond to mechanical impedance, the conditions necessary for 
their penetration of the soil are obvious, namely the presence of 
sufficient continuous pores which roots can penetrate freely o r  
which they can expand while resisting only very low pressures. 

Cultivation and root penetration 

The sensitivity of roots to small mechanical forces might suggest 
that growth would usual1 y be much restricted unless the soil had 
been loosened by cultivation. Undoubtedly there are circum- 
stances when the disturbance of the soil is essential, but i t  can 
also create restrictions to penetration by roots. I t  i s  instructive 
from this viewpoint to consider why land maintained under perma- 
nent grass for  many years may provide superior conditions for 
root growth than after careful arable cultivation. The detailed 
nature of changes varies with many factors but some quite widely 
applicable generalizations are possible. The stability of the pore 
regime is typically greater under grassland; within a year of 
ploughing i t  may decrease markedly though the total organic 



FIGURE 3 

Root system of barley plant 3 weeks o ld  grown in r i g i d  
pores 150 ym in diameter. Axes but not laterals were 
impeded. (Scale bar = 5 cm) 

matter in the soil i s  l i t t l e  altered (Low and Stuart, 1974). This 
seems to be because stabil i ty depends large1 y on re1 ativel y labile 
organic matter produced by micro-organisms from root exudates o r  
dead roots; the disturbance of the soil can much hasten the break- 
down of these products. Moreover, under permanent grassland 
channels left by burrowing organisms, the decay of old roots are 
preserved as well as planes of weakness caused by the shrinking 
of the soil. They can be of major importance both f o r  drainage and 
root  penetration. 

There i s  now much evidence that soil which has been direct-dr i  l led 
f o r  several years can develop these characteristics to some degree, 
thus becoming intermediate between land under permanent arable 
cult ivation and permanent grassland (Baeumer and Bakermans, 
1973). Considerable increases in the earthworm population have 
also been observed (Schwerdtle, 1969; Cannel l and E l  l is, 1976). 
The extent to which these changes offsets the greater compaction 
of the soil caused by the abandonment of cultivation can vary 
depending both on soil type and weather. In unstable soil the need 
f o r  periodic deep cult ivation may not be eliminated in some cl  imates. 
But definite benefits can occur in other circumstances. On some 
heavy clay soi ls the preservation of planes of weakness which 
permit root penetration can be of considerable importance. 



Moreover, the abandonment of cult ivation on such s5:15 may some- 
times have the additional advantage of eliminating the r i s k  of 
serious compaction when car r ied out under unfavourable con- 
di  t ions. 

Final ly,  attention i s  drawn to the unavoidable limitations of all 
simple physical measurements of the characterist ics of the bulk soil 
f o r  predicting the response of root systems to mechanical stress, 
especially in soi ls with massive structural units. Taylor  et al 
(1966) have obtained useful empirical correlat ions between root 
penetration and soi l  resistance to penetrometers in uniform soil. 
In so i ls  with large structural units there may be l i t t l e  relationship. 
Root penetration then can occur largely through the intervening 
planes of weakness rather than through the bulk soil. 

Current interest in simplified methods of cult ivation i s  a stimulus to 
seeking a ful  ler  understanding of the response of roots to soi l  
physical conditions, a subject which cal ls  f o r  the joint endeavours 
of plant physiologists and soil physicists. 
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ABSTRACT 

The t i l l a g e  mechanism of ro ta t ing  tine-blades driven by a t r ac to r  
has great ly  increased as a main t i l l a g e  equipment i n  the  mechanized 
farming of paddy r i c e  cul t ivat ion i n  Japan. These machines a r e  called 
"Rotary Power T i l l e r "  and "Rotary Tractor". 

I n  order t o  minimize t i l l a g e  res is tance and make them f i t  t o  the  
f i e l d  and cul t ivat ion conditions of Asian paddy r i c e  farming, unique 
rotary tine-blades of rotary tillers have been developed. 

Main specif icat ions  and dimensions f o r  designing ro ta ry  tine-blades 
a r e  obtained through theore t ica l  calculations.  

1. BACKGROUND OF ROTARY TILLAGE FOR PADDY RICE CULTIVATION 

The t r ac to r  has appeared a f t e r  u t i l i za t ion  of animal powers on the 
farm. A l l  kinds of f i e l d  equipments f o r  d ra f t  animals have been 
modified so a s  t o  be pulled by t rac tors .  Among them, there  have been 
some ro ta t ing  too ls  l i k e  disk plows and harrows, e t c .  I n  addit ion,  
the  special  mechanism of ro ta t ing  tine-blades powered by the t r ac to r  
engine has been developed i n  Europe. 

Western countries consist  of mainly f i e l d  farming. The* s o i l  
t i l l a g e  is usually performed by plows, harrows, cult i-fators and so on 
drafted by t rac tors .  Powered ro ta t ing  mechanism is par t ly  used. 

Asian farming regions consis t  of mainly paddy r i c e  cul t ivat ion,  and 
t h e i r  mechanical t i l l a g e  has a d i f fe re2 t  development pat tern from 
Western one. The t r ad i t i ona l  t i l l a g e  equipments of d r a f t  animals have 
a tendency t o  be replaced by the ro ta t ing  mechanism driven by t rac tors ,  
par t icular ly  i n  i r r iga ted  area.  

I n  Japan, 300,000 t o  500,000 un i t s  of hand t r ac to r s  a r e  produced 
every year. About a half  of these a r e  the hand t r ac to r s  coupled with 
rotary t i l l e r s .  These a r e  cal led "Rotary Power Ti l ler" .  In  1975, 
Japan produced about 200,000 un i t s  of r iding t rac tors .  About 75 % of 
these t r ac to r s  were coupled with rotary t i l l e r s  as  a standard type 
cal led "Rotary Tractor". I n  Japan, there  was 4,521,000 hectare of 
arable land ( f i e ld  and paddy f i e l d )  i n  1974. Of t h i s  3,209,000 hectare 
is paddy r i c e  f i e l d .  More than 95 % of paddy f i e l d  t i l l a g e  is consi- 
dered t o  be carried out by rotary t i l l e r s .  



2. PADDY RICE CULTIVATION SYSTEM AND ROTARY TILLAGE 

A s  a r u l e ,  r i c e  cul t ivat ion starts i n  the  biginning of ra iny season. 
The cu l t iva t ion  is divided i n t o  two systems, namely, d i r e c t  sowing and 
transplanting system. The former i s  applied i n  very l imited area ( 1  % 
or  so, 1974 i n  Japan), while the  l a t t e r  is more popular and standard 
cul t ivat ion method i n  Japan and other Asian countries. The ro ta ry  
t i l l a g e  f o r  the  transplanting system of paddy r i c e  cu l t iva t ion  is a s  
following; 

@ Seedbeds can be eas i ly  prepared i n  e a r l i e r  season with small amount 
of water, because the  s i z e  of a seedbed is l / lOth t o  1/20th of paddy 
r i c e  f i e l d  t o  be transplanted. The ro ta ry  t i l l e r  produces the  seedbed 
of f i n e  harrowing. 

@ After seedbed preparation, t he  f i e l d  has t o  be prepared (puddled) 
with enough amount of water f o r  transplantation.  The s o i l  conditions 
requested a f t e r  puddling a r e  of f l a t  l eve l  mud surface and uniform 
s o f t  t i l t h  t h a t  gives minimized pain t o  the  f ingers  of transplanting 
farmers and a l so  has enough consistency t o  hold the  young plants .  
Ti l lage by the  ro ta ry  tiller is eas ie r  t o  keep s o i l  surface f l a t .  
With one o r  two passes of t he  ro ta ry  t i l l e r ,  i n  general, a su i tab le  
and uniform harrowing e f fec t s  can be expected. 

@ Perfect  puddling work is expected t o  remove and/or k i l l  weeds. This 
puddling has t o  be done within one-day-before transplanting.  Then, 
farmers transplant the  young r i c e  plants  which have a b e t t e r  growing 
phase than weeds i n  the  s o i l .  A well designed ro ta ry  t i l l e r  can cut 
weeds and combine them in to  the  muddy s o i l .  

@ Although the  working efficiency (time and f u e l  consumption) of the  
rotary t i l l a g e  is lower than t h a t  of only plow-tillage, the  t o t a l  
efficiency including harrowing and puddling of it is considered t o  be 
almost equal o r  be t te r .  I n  other words, it is more convenient than 
t h a t  of plow and harrow u t i l i z a t i o n  f o r  preparatory t i l l a g e  of paddy 
r i c e  transplanting system. 

These a r e  the  reasons why the  ro ta ry  t i l l a g e  has great ly  increased 
i n  Asian paddy r i c e  farming area. The shapes and design theor ies  of 
Asian rotary tine-blades may show some difference from general rotary 
tine-blades of Western type. Fig. 1 shows examples of Japanese rotary 
blade and t i n e  respectively.  The hook-tine a s  shown i n  Fig. 1 is used 
scarcely fo r  paddy r i c e  cul t ivat ion,  because weeds a r e  ap t  t o  entwine 
on it easi ly .  

I 4 

Rotary Blade Rotary Hook Tine 

Fig. 1 Examples of Japanese rotary blade and t i ne .  



3. TILLAGE DEPTH AND RADIUS OF ROTARY TINE-BLADE 

In  the time of animal plowing before world w a r  11, general plowing 
depth of the  paddy r i c e  f i e l d  i n  Japan was 9 t o  10 cm. The average 
yield  of rough r i c e  was 3.6 t o  4.3 tons per hectare i n  1935 t o  1940. 

The national necessity of higher production of r i c e  proinoted the 
farming technology of deeper t i l l a g e  and u t i l i za t ion  of more chemicals 
and f e r t i l i z e r .  The farmers required a machine performance f o r  till- 
age depth changed from 1 0  cm t o  1 5  cm, if possible 16 cm. The average 
yield became 4.5 t o  5.2 tons per hectare i n  1955 t o  1960. 

I n  the  period 1960 t o  1976, t h i s  has changed again from 18 cm t o  the 
range of 12 t o  14 cm, because of changing technology of r i c e  cult iva- 
t i on  and development of transplanting machines. 

I n  old times, it was a common system t o  give addit ional f e r t i l i z e r  
once or  twice a f t e r  the  base f e r t i l i z e r .  However, recent 1 0  t o  15 
years, farmers i n  Japan became t o  give addit ional f e r t i l i z e r  a t  l e a s t  
three t o  four times, observing the growing condition of r i c e  plants ,  
thus making paddy r i c e  roots  grow shallow i n  the shallow t i l t h .  To 
control  the  s o i l  and water of shallower t i l t h  is easier  than t o  do 
these of deep t i l t h .  

I n  old times, young r i c e  plants  grown a t  l e a s t  20 t o  25 cm were used 
f o r  transplanting by manual labour. Due t o  the  advancement of indoor 
growing system of r i c e  seeds and greater  capacity of transplanter 
machines, younger plants  a r e  used for  transplanting. Shallow t i l l a g e  
is a l so  accepted by the  farmers t o  prepare f l a t  and nice s o i l  surface 
t h a t  w i l l  give s rab le  machine t r ave l  and accurate transpranting work. 
The average yield  of rough r i c e  i n  Japan was 6.0 tons per hectare, 
1973, and 5.9 tons per hectare, 1974. 

The design equation t o  get  the  conceptional radius,  r ,  of the  
tine-blades is; 

r = H + a l  
where H = the maximum depth of t i l l a g e ,  

a 1  = the  bottom radius of the  transmission case of the  t i l l e r .  
Actual values of a 1  i n  the  case of 7 t o  14 ps hand t r ac to r s  and 10 

t o  15 ps r id ing  t r ac to r s  f o r  small sca le  farmings a r e  8 cm or  so. 
Adding 12 t o  14 cm of H t o  al,common s i z e  of rotary tine-blade radius 
for  Japanese r i c e  cul t ivat ion is 20 t o  22 an. 

This means t h a t  the  conceptional capacity of t i l l a g e  depth of rotary 
t i l l e r s  can be estimated from the dimensions of i ts  s ide  view. 

4. DETERMINATION OF RPM 

The t i l l a g e  force T kg, produce6 a t  t he  t i p  of the  ro ta t ing  t ine-  
blade is calculated by; 

where Ne = engine ps, 
pe = mechanical transmission efficiency, 

T = 71620 Ne pe r = radius of tine-blade, cm, 
n = rpm of rotary axle. 

r n  

Higher revolution of the  tine-blade w i l l  produce higher effects  of 
harrowing and smaller t i l l a g e  force T kg. This means t h a t  higher 
revolution i s  easier  t o  produce lack of t i l l a g e  force,  and slowdown 
of engine rpm o r  shallower depth of t i l l a g e .  

Slower revolution of the  tine-blade w i l l  have rough harrowing and 
strong t i l l a g e  T kg, which has a capacity of deeper t i l l a g e .  However, 
if such bigger force T kg grows over the  adhesion and hucking capacity 



of drive-wheels t o  the  ground, the  t r ac to r  w i l l  lose  its s t ab l e  
t rave l .  In  other words, the  t r ac to r  w i l l  have much slip-forward o r  
spring-forward phenomenon. 

Basing on these concepts, the  minimum value of tine-blade rpm has t o  
be decided (calculated) so as t o  have no spring-forward phenomenon, 
under the  condition of fill horsepower operation of the  t rac tor .  

The pressing-forward force of tine-blades is changeable depending on 
the "Radial Suction Force" (named by the auther) of rotary tine-blades 
of the  tiller, a s  shown i n  Fig. 2. 

Maximum rpm of the  ro ta ry  axle  i s  
decided from the harrowing requirement 
of farmers and t r ac to r  engine capacity, 
e tc .  Two t o  four s h i f t  gearings of 
rotary axle rpm a re  adopted i n  t he  
range of minimum t o  maximum rpm. 

I n  general, the  tine-blade rpm of 
rotary t i l l e r s  i n  t he  case of.Asian 
paddy r i c e  cultiva$ion is i n  the  range 
of 150 t o  400 rpm. 

The lowest revolution o f  the  t ine-  
blade is a l so  important t o  discuss 
the  strength of machine parts.  

Fig. 2 

5. NUMBER OF TIE-BLADES AND TILLAGE WIDTH 

The t i l l a g e  width of a rotary tiller has t o  be a t  l e a s t  t he  same a s  
or  bigger than the outer width of both standard dr ive wheels. The 
engine horsepower of t he  rotary t r ac to r s  and rotary power t i l l e r s  is 
careful ly  selected with t h i s  condition. 

The smaller number of tine-blades on a rotary axle is advantageous 
t o  having smaller t i l l a g e  resistance.  

A s  shown i n  Fig. 3, general value of tine-blade holder in te rva l  c 
is 40 t o  50 mm, because hook-tines may be mounted on the  same holders 
for  the  blades. Actual design dimension of blade width c': c - 5 t o  
10 m. Total t i l l a g e  width of a rotary tiller can not be the value of 
t o t a l  number of tine-blades times c .  A s  shown i n  Fig. 4, there  a r e  
some ro ta t ing  faces where two blades 
a r e  ro ta t ing  on the rotary axle.  

Thus, common re l a t i on  of t o t a l  
t i l l a g e  width w and t o t a l  number 
of tine-blades b is; 

Fig. 4 
I 

Fig. 3 
6. KNIFE EDGE-CURVE OF ROTARY 3LADE 

When rainy season comes i n  l a t e  spring i n  countries of temperate 
zone, or  a f t e r  dry season i n  t rop ica l  countries, weeds s t a r t  t o  grow 
i n  the f i e ld s .  Also, there  is  straw, stubbles and grains of previous 
crop on the f i e l d s  which have t o  be t i l l e d  and puddled. 



Therefore, it is  one of the fundamental design elements f o r  the  
rotary blade t o  have an optimum knife edge-curve, i n  order t o  avoid 
the entwining of straw and weed. 

I n  order t o  use the slip-out 
force " F cos 6 " of weed and straw 
as shown i n  Fig. 5, a knife edge- 
curve i s  designed so as  t o  have 
optimum "edge-curve angle" a, 
hairaku-kaku i n  Japanese, t ha t  i s  
considered t o  be i n  the  range of 
55' t o  67. i n  normal condition. 

Larger angle than 67 .so produces 
excess t i l l a g e  res is tance,  and smaller Fig. 5 
angle than 55' produces poor grass-removing e f f ec t ,  resul t ing i n  the  
poss ib i l i ty  of grass  coi l ing t o  the  rotary blades and axle.  

The design equation of knife edge-curves is a kind of s p i r a l  curve 
equation a s  follows; 

1 - - 1 - 
k k 

rn = r o  s i n  a s i n  ( ~ 4 ,  + k 8) 
0 

where m= calculated raaius  i n  polar coordinate, mm, 
ro= radius on the  s t a r t i ng  t i p  point of 0.0, m, 

edge-curve angle on the s t a r t i ng  point of e=0, degree, 
e = changing degree i n  polar coordinate, every l o 0 ,  
k = constant t o  determine the increasing character is t ics  of the 

edge-curve angle, selected by a designer. 1/18 is recom- 
mended. 

7. SCOOP ANGLE OF T I P  SIDELONG PORTION, B1 

The sidelong portion is designed so as t o  have no pressing phenome- 
non of i ts  outside surface t o  t he  s o i l .  

6 i n  Fig. 6 is "Scoop Angle", 
haihaku i n  Japanese. This i s  the 
angle between radius direct ion 
and the  outside surface of the  
t i p  sidelong portion. 

B , = B - y  

where = the  angle between radius 
direct ion and the tangent ia l  
l i n e  of the  locus curve, 

Fig. 6 
H(2r-H) * = cos -12j 2 

r ( 3 0 ~ )  -60mvb-H)+(rnx) 
2 

y = r e l i e f  angle. ( r e f e r  t o  Fig. 6 ) 

y controls t he  turning and throwing back e f fec t s  of the  blade t o  
s o i l  clods. Bigger r e l i e f  angle means smaller angle of fil, and 
produces stronger turning and throwing back e f fec t s .  

Actual scoop angle 6 f o r  Asian farmings is; 
1 

0 0 
800 t o  7S0-.- hard s o i l  condition 
75 t o  65 - - common s o i l  condition ? i n  the  case of 
65' t o  50°- - so f t  s o i l  condition single-edged blade. 



The ro ta ry  blade of wide range use is designed t o  be 75O t o  800 of 
B1 a t  t he  lower pa r t  of i ts  sidelong portion,  and about 60' of B1 a t  
the  higher par t  of the  sidelong portion. 

The ac tua l  measurement of ~1 f o r  a given ro ta ry  blade w i l l  give a 
h in t  on the  s o i l  condition su i tab le  t o  the  ro ta ry  blade. 

8. SECTIONAL SKAPE OF STRAIGHT KNIFE PORTION 

The sect ional  shape of s t r a igh t  knife portion of common blades made 
i n  Japan i s  a double-edged knife of wedge type. When the  double-edged 
knife cut  ve r t i ca l l y  i n to  the  s o i l ,  the  knife edge compresses the  s o i l  
of un t i l l ed  s ide ,  producing big t i l l a g e  res is tance.  

A single-edged knife of equal thickness section or  s l i gh t ly  reverse 
wedge type section produces smaller t i l l a g e  res is tance than t h a t  of 
a double-edged knife. 
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ABSTRACT 

To investigate the possibility of arable cropping 
in the humid tropics a trial was set up on a sandy 
Loam soil with emphasis on tillage. Three tillage sys- 
tems were compared: rotavating, ploughing and minimum 
tiZlage.0n all occasions ploughing gave the highest 
yield, and minimum tillage the lowest. Botavating was 
p~sitzoned in between. Possibly yield differences a- 
rise from differences in weedgrowth. There were no 
differences observed in a number of physical data and 
in organic matter content. There was no indication 
from these measurements that soil fertility changed 
in this three year test period. 

Introduction 

Continuous dry cropping is not well known in Suri- 
nam, a country in the humid tropics with a rather e- 
venly distributed rainfall of 2500 mm a year. On the 
coastal clay soils rice is the most important crop 
while on the inland soils dry annual crops are grown 
in a "shifting cultivation" system. The coastal cLay 
soils are less suited for growing drp.annual:crops 
dua!:.to the small number of workable days and high 
drainage costs. (Fortanier) The loamy sand and sandy 
loam inland soils are more suited for growing these 
crops. The number of days with suitable weather for 
fieldwork is much higher and the costs of drainage 
can be neglected. A disadvantage of these inland 
soils is the low fertility. Shifting cultivation is a 
useful system for permanent soil use with only human 
labour (Nye & Greenland; Matters). A mixture of diffe- 
rent crops is grown on small plots which ape used 
only for a short period. Therefore a relatively large 
area is required for a small quantity of products. 
When more advanced techniques like e.g. the use of 
fertilizers,lpesticides, and mope e5fective.:equipment 
are accepted, it should be possible to utilize soil 
and labour resources more efficiently, and to pro- 
duce a marketable surplus of crops. Therefore a trial 
with the emphasis on tillage was set up onaq inland 
sandy loam soil with the aim to investigate: 



1. t h e  p o s s i b i l i t i e s  o f  c o n t i n u o u s l y  growing  a n n u a l  
c r o p s  on s andy  loam s o i l s ,  unde r  t h e  p r e v a i l i n g  con-  
d i t i o n s .  

2 .  t i l l a g e  s y s t e m s  f o r  t h e  c r o p s  i n v o l v e d .  
3 .  t h e  r e s p o n s e  o f  c r o p s ,  weeds and s o i l  t o  t h e s e  s y -  

s t e m s .  
I n  Su r inam,  l i k e  i n  o t h e r  d e v e l o p i n g  c o u n t r i e s ,  t h e r e  

i s  a s h o r t a g e  o f  c r o p s  l i k e  ma ize ,  sorghum, s o y b e a n s ,  
cowpea and  p e a n u t .  These c r o p s  were  t h e r e f o r e  i n c l u d e d  i n  
t h e  e x p e r i m e n t .  

Methodes and m a t e r i a l s  

B e f o r e  t h e  e x p e r i m e n t  c o u l d  s t a r t ,  t h e  l a n d  had t o  be 
c l e a r e d  f rom f o r e s t .  The t r e e s  were  pushed  down by a 
t r e e  p u s h e r  mounted on a  c a t e r p i l l a r  d o z e r .  A f t e r  some 
d r y i n g  t h e  t r e e s  were  pushed  t o g e t h e r  and b u r n e d .  The 
r e s t s  were  moved t o  t h e  s i d e s  o f  t h e  f i e l d .  To promote  
d e c o m p o s i t i o n  o f  r e s t s  o f  wood and  o f  s tumps  i n  t h e  s o i l  
a c o v e r  and g r e e n  manure c r o p  kudza ( P u e r a r i a  phaseo -  
l o i d e s  (Roxb.)  B e n t h . )  was sown. A f t e r  a b o u t  two y e a r s  
t h i s  c r o p  was mown w i t h  a  s l a s h e r  and p loughed  i n t o  t h e  
s o i l  w i t h  a  d i s c  p l o u g h .  A f t e r  p l o u g h i n g  r e s t s  o f  h a r d  
wood were  removed,  a  s eedbed  w a s  p r e p a r e d  by  a  d i s c  
ha r row and t h e  f i r s t  c r o p  was sown. To l e v e l  t h e  s u r f a c e  
and t o  have  an  o p p o r t u n i t y  t o  d i g  o u t  r e s t s  o f  wood and 
s tumps  and t o  g e t  an  i d e a  o f  t h e  q u a l i t y  o f  t h e  f i e l d  
t h i s  t r e a t m e n t  was r e p e a t e d  t h r e e  t i m e s  w i t h  t h e  c r o p s  
m a i z e ,  cowpea and sorghum s u c c e s s i v e l y .  A f t e r  t h i s  y e a r  
t h e  e x p e r i m e n t  was s e t  up i n  h i s  d e f i n i t e  fo rm.  
Three  q u i t e  d i f f e r e n t  t i l l a g e  s y s t e m s  have  been  s t u d i e d :  
1. I n t e n s i v e  t i l l a g e  w i t h  a  r o t a v a t o r  t o  a  d e p t h  o f  

1 5  cm, which p r o d u c e s  a  f i n e  and smooth s eedbed  i n  a 
s i n g l e  p a 3 s .  The weeds a r e  t h o r o u g h l y  mixed i n  t h e  
s o i l .  

2 .  Normal t i l l a g e  w i t h  a  3 d i s c  p lough  t o  a d e p t h  o f  
2 0  cm, f o l l o w e d  by one p a s s a g e  o f  a  r o t e r r a  powered 
ha r row,  which p r o d u c e s  a  f i n e  s e e d b e d .  With t h i s  
systern most o f  t h e  weeds a r e  bursed-: 

3 .  Minimum t i l l a g e  w i t h  a  r o t a v a t o r  t o  a  d e p t h  o f  5 cm 
which p r o d u c e s  a  f i n e  s e e d b e d .  A l l  t h e  o r g a n i c  ma- 
t e r i a l  f rom t h e  p r e v i o u s  c r o p  and t h e  weeds i s  mixed 
i n  t h i s  t h i n  l a y e r .  

On t h i s  e x p e r i m e n t a l f i e l d  c r o p s  c a n  be  grown t h e  
whole y e a r  round  ( a l m o s t  c o n s t a n t  d a y l e n g t h  and t empera -  
t u r e ,  r a t h e r  e v e n l y  d i s t r i b u t e d r a i n f a l l  and enough 
workab le  d a y s  f o r  t i l l a g e ,  c r o p  p r o d u c t i o n  and h a r v e s -  
t i n g )  s o  t h a t  i m m e d i a t e l y  a f t e r  a  c r o p  had been  h a r -  
v e s t e d  t h e  s t u b b l e s  o f  t h e  p r e v i o u s  c r o p  were  s l a s h e d  
if n e c e s s a r y  and  t i l l a g e  was c a r r i e d  o u t .  The same ' 

t i l l a g e  s y s t e m  was u s e d  f o r  a l l  c r o p s .  
The c r o p s  were  r o t a t e d :  a f t e r  a  c e r e a l  a  legume c r o p  
f o l l o w e d  and a f t e r  a  legume a  c e r e a l .  The whole  f i e l d ,  
an  a r e a  o f  1 . 0 8  h a ,  was sown t o  one c r o p  a t  one t i m e .  
The f i r s t  two c r o p s  were  sown w i t h  a  pneuma t i c  s p a c i n g  
d r i l l  i m m e d i a t e l y  a f t e r  t i l l a g e ,  b u t  t o  g e t  a  chance  



to destroy seedweeds (inclusive germinated seeds of 
the previous crop) a tillage operation with the powered 
harrow was introduced about 14 days after the main til- 
lage operation and sowing delayed accordingly. 
In this way many seedweeds were destroyed. If the 
weather was rather dry weeding was done by handhoeinp 
or hoeing by a tractor drawn hoeing machine. If 
weather conditions were wet chemically weeding with 
gramoxone, sprayed under a cap, was more successful. 
If necessary pests and diseases were controlled by 
chemicals. Owing to the high rainfall and the small 
adsorption capacity of the soil fertilizing was done 
tqo or three times. The quantities of fertilizer 
applied are listed in Table 1. 
Harvesting the crops proved to be rather difficult 
because handharvesting took too much time; when the 
crop is ripe, it should be harvested within a few 
days, especially when the weather conditions are 
wet,because of rapid infestation by fungi. For me- 
chanical harvest the crop varieties were more or less 
unsuited, but axcept for maize a solution was found. 
Harvest losses were determined and taken into account 
for yield determination. 

Table 1. Quantities of fertilizer applied for the dif- 
ferent crops. (kg/ha) 

Crop N '2'5 K2° 
C a Period of growth 

cowpea 6 0 6 0 6 0 17/1 - 29/3 /74 
maize 7 2 6 0 180 7 0 0 314 - 3/8 /74 
peanut 2 0 7 0 7 0 24/8 - 30/11 /74 
sorghum 9 7 5 2 84 30/12- 11/4 /75 
sbybeans 2 0 6 0 6 0 4 5  - 4/9 /75 
maize 100 8 0 85 1100 10/9 - 15/1 /75 

The soil of the experimental field was a sandy 
loam. The subsoil was heavier than the topsoil(Tab1e 2) 
This soil had a good.physica1 condition. Water in dry 
periods was generally sufficient due to the clay content 
As the clay mineral was kaolonite the adsorption capa- 
city of plant nutritive minerals was minimal. 

Table 2. Gvanular compositon 

% w/w 
depth (cm) < 211 2-53 ~i 53-2004 P > 200011 



Measurements 

Of every crop the yield per plot was determined. 
Moreover some measurements on crop development were 
dade,as plant density after emergence and at harvest 
tine, and sometimes plantheight at harvest time. 

During crop growth and at harvest time estimations 
were made of weedgrowth. 

On three places in the experimental field soil sam- 
ples were taken from two depths i.c. the layer of 10-15 
cm and of 20-25 cm. These soil samples were used for the 
determination of: 1. pore space, 2. aircontent at field 
capacity, 3. watercontent at field.capacity and 4. orga- 
nic matter content. 

Results 

In general the crop yields were good. It appeared 
that the average yields of ploughing were always highest 
and of minimum tillage lowest, while rotavating had a 
position in between (table 3). Yields as a percentage of 
the average were of ploughing: 110, rstavating: 101 and 
minimum tillage: 39. 

Table 3. Crop yield(kg/ha; 12% moisture w.b.) and til- 
lage systems. 

crop rotavating ploughing minimum tillage average S.E 

cowpea 836 336 
maize 2728 2978 
peanut 1901 1947 
sorghum 2734 3032 
soy6-eans 1465 1517 
maize 2537 2900 

The differences in yields of the different tillage 
systems cannot be explained by differences in pore space, 
air content or water content ,at field capacity. The 
differences in the organic matter content, which was mea- 
sured according to the Walkley & Black method, are also 
insufficient to account for the yield differences.(Table 4) 

Depth (cm) 
rotavating ploughing minimum tillage 

10-15 20-25 10'15 20-25 10-15 20-25 

Pore space% v/v 43.5 43.6 47.5 48.0 48.1 48.3 
Air cont .at pF2 

% v/v 24.2 24.8 23.7 24.7 24.6 24.7 
Water cont. at . 

pF2 % w/w 13.2 17.8 17.4 17.2 16.7 17.8 
Org. matt. cont. 
% w/w 2.56 2.39 2.47 2.51 2.49 2.39 



Weedgrowth may also affect yield. It seemed that in the 
beginning the weedgrowth on the ploughed plots was poo- 
rest and on the minimum tilled plots strongest. Rota- 
vatinggeneral&$' had .an intermediate positon. The effect 
of one application or gramoxone is shown in Table 5. 
Although after weeding there was a difference in weed- 
growth, at harvest time, however, mostly no differences 
were noticed. 

Table 5. Average area covered by weeds ( % I  1: before 
weeding and 2 = 12 days after weeding. 

rotavating ploughing minimum tillage 

The big problem of permanent culture of dry crops 
is the maintainance of soil fertility. As the adsorp- 
tion capacity is mainly determined by the organic matter 
content (Nye and Greenland) changes with this respect 
dur:;? the period-under investigation had to be regarded. 

so changes in soil properties should be considered. - - - 
It seems that organic matter content remains constant. 
The same can be said of measured s6il physical proper- 
ties be it that there are clear fluctuations.Fig. 1-4. 
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In South Australia, cereals are sown in late 
autumn (May-June) while the soil is still wetting up, 
and mature in early s~mer(November-~ecember). Water 
is often limiting during grain filling so an important 
requirement of tillage programmes is to conserve extra 
water in the soil. Other limitations in the envircn- 
ment and other requirements of tillage programmes are 
discussed. The findings of research into tillage 
practices are discussed in the ccntext of the 
limitations and requirements. 

Introduction 

Tillage is an essential part of the mixed crop 
and livestock system of agriculture in South Australia. 
Farmers are continually looking for ways of reducing 
tillage costs and are interested in the effect on 
yield of alternative techniques such as herbicide sprays 
and minimum tillage. They are also interested in using 
bigger machines to give more output per man, because 
the cost of employing farm labour is high. 

In considering tillage programmes for a region 
it is necessary to first consider the special features 
and limitations of the environment and to define the 
requirements of the tillage programmes. 

Limitations in our Environment 

In South Australia, the main influences on 
tillage programmes are: 

1. Cereals (wheat or barley) are sown in large fields 
(from 30 to 100 ha) and these often contain 
different soil types - sands, loams or clays, 

2. The soils are generally shallow with a topsoil of 
less than 15cm; subsoil stone is often present, 

3. Soil fertility is only moderate, with the top 
7.5cm of the best soils having a toial nitrogen 
content of 0.14 to 0.18 percent. 

4, Some of the soils, pa,rticularly sands and sandy 
loams, are liable to either wind or water erosion, 



5. Cereals are sown in late autumn (May-June) after 
sufficient rain has been recei.ved to allow complet- 
ion of seedbed preparation. The onset of early 
autumn rains following a five month summer drought 
is unreliable and consequently there is uncertainty 
as tohen sowing can begin. 

6.  Rainfall in the growing season is below optimum 
(usually less than 400mm) and there is a high 
probability of drought. 

7. Soils continue to wet up from sowing to the end of 
the winter rains (~ugust). In spring, rainfall 
diminishes and air temperature rises so that water 
stress is common from anthesis onwards. Crops 
mature in early summer (~ovember-~ecember). 

8. Cereals are grown in a rotation in which years of 
crop alternate with one or more years of annual 
legcme pasture (commonly Medicago spp. ) . Sheep 
and cattle graze the pastures and the stubble for 
3 to 4 months after harvest. Hence, tillage 
programmes need to be ccnsidered in relation to 
the whole rotation. 

9. Farm labour s~lpply is diminishing a ~ d  is costly when 
available. 

Requirements of Tillage P r o g r ~ c  

It is within this pattern of interacting variables 
that our tillage programmes must prore effective. 
Tillage should aim to favour those factors that promote 
yield and discourage those that depress yield. The 
main ones in promoting yield are a better water supply, 
a better nitrogen supply and early sowing. Those that 
depress yield are poor structure, erosion damage and the 
presence of weeds, disease and pests. The tillage 
programme must culminate in the production of a seedbed 
suitable for cereal grains. 

Research Investigations 

Research has elucidated some of the factors that 
help in making decisions on tillage programmes. 

1, w h  of fallow 

The term "fallow" applies when the soil is first 
broken up in early spring (September) and kept weed-free 
over summer by cultivation, in preparation for sowing 
in late autumn. Early experiments showed that this 
practice benefited wheat crops and yield increases 
were attributed to a better seedbed, weed control and 
to increases in soil water storage and soil nitrate 
nit,rogen. These findings encouraged the use of fallow 
on all soils. However fallow, together with narrow 



r o t a t i o n s  without product ive  pas tu re ,  l e d  t o  widespread 
e ros ion  and by 1940 y i e l d s  were d e c l i n i n g  i n  many of 
t h e  c e r e a l  d i s t r i c t s  (Cornish 1949). 

Af t e r  1945 t h e  increased  use of legume pas tu re s  
improved s o i l  f e r t i l i t y  and many farmers doubted t h a t  
f a l l o w  was needed t o  g ive  high y i e ld s .  T o  t e s t  t h i s ,  
French (1966) compared f a l l ow and "shor t  fa l low" ( i n  
which t h e  s o i l  i s  f i r s t  broken up a f t e r  r a i n  a t  t h e  end 
of summer) a t  f i v e  s i t e s  i n  South A u s t r a l i a  over f i v e  
seasons (1957-1961 ) , 

Fallow increased  wheat y i e l d  by 355 kg ha-', or 
34$, over t h a t  from s h o r t  fal low. This i nc rease  was 
obta ined a t  t h e  c o s t  of t w o  a d d i t i o n a l  c u l t i v a t i o n s  and 
seven months l o s s  of grazing,  The i n d i v i d u a l  responzes, 
which va r i ed  from -200 t o  875 kg ha-I, were r e l a t e d  t o  
v a r i a t i o n s  i n  t h e  a d d i t i o n a l  water and n i t r a t e  n i t rogen  
accumulated i n  t h e  fal low. 

Overall ,  59% of the  y i e l d  response t o  fa l low could 
be a sc r ibed  t o  v a r i a t i o n  i n  a d d i t i o n a l  water a t  sowing. 
The a d d i t i o n a l  n i t r a t e  prcsenf i n  fa l low d i d  no t  i nc rease  
y i e l d s  i n  d ry  years  but  i n  yea r s  wi th  favourable  growing 
seasons,  t he  a d d i t i o n a l  n i t r a t e  accounted f o r  33% of t he  
y i e l d  response. 

From h i s  work, French (1966) prepared a  fe l low 
guide t o  i n d i c a t e  a r eas  i n  South A u s t r a l i a  where f a l l o w  
should be adopted f o r  wheat. This i s  shown i n  t a b l e  1, 
La te r  s t u d i e s  (Schul tz  1971, Schul tz  1972, Grierson 1975) 
have confirmed t h i s  fa l low guide. 

Table 1  

Fallow Guide 

Previous l e g m e  Impl ica t ion  Action r equ i r ed  
h i s t o r y  

Poor growth L ike ly  shor tage l o  Fallow* 
of n i t rogen  or  

2, Add n i t rogen  
f e r t i l i z e r  

Good growth Like ly  shor tage Fallow*onlv i f :  
of moisture 1. S o i l  i s  f i n e  

t ex tu red  wi th  more 
than. 20% c l a y  i n  
s u b s o i l  (15-30cm), 

2. July-August r a i n s  
i n  previous  
winter  exceed 
1  00mm. 

3 ,  Annual r a i n f a l l  
i s  l e s s  t han  460mni. 

*Begin fa l lowing  before  pas tu re s  f lower .  



The tillage requirements of barley are less demand- 
ing than those of wheat. Barley crops are usually 
grown on short fallow, often following a wheat crop the 
previous year, because the additional nitrogen in fallow 
has a deleterious effect on grain malting quality. 

2. Type of implement 

A variety of implements are used in tillage 
progrannes. From 1957 to 1960 French (unpublished 
data) compared the yields of wheat from seedbeds 
prepared with various tillage implements and programmes. 
The implements used were: (a) mouldboard plough, (b) 
chisel plough, (c) rigid tyne c~ltivator, (d) duckfoot 
cultivator, (e) tandem disc harrows. There was very 
little effect of implement on yield in an annual 
tillage programme. 

3. Soil surface t r e a t m e  

In experiments in 1966/67 and 1967/68, Schultz 
(1972) applied a range of surface treatments to a 
typical wheat growing soil. The treatments, wlrich 
were begun in early spring of the year before cropping, 
were fallow, short fallow, chemical fallow and fallow 
separately modified by the addition of gypsum, straw 
or hexadecanol. 

The water storage efficiency under each treatment 
was calculated by expressing the increase in sail water 
between fallowing (September) and sowing (June) as a 
percentage of the rainfall during that time. These 
results, together with the nitrate nitrogen at sowing 
for each treatment a d  the subsequent grain yields, are 
given in table 2. 

The water storage efficie~cies were higher in 
the wetter season (1967/68) than in the drier season 
(1966/67) and in each instance, fallow +straw was the 
most efficient and short fallow the least efficient. 
Within each year, grain yields increased with water 
storage efficiency, emphasizing the need for tillage 
programmes in our environment to conserve soil water. 
The nitrate nitrogen conteats indicate that mineraliza- 
tion of organic matter was more effective under those 
treatments which retained most moisture. 

4. Minimum t i l l a ~  

A minimum tillage technique known as ttsprayseed" 
has been used in southern Austral.ia in recent years. 
The area to be sown is grazed heavily ar,d bipyridyl 
herbicides are used to kill plant growth a few days 
before seed is sown directly into uncultivated soil. 
Benefits claimed from using this technique are additional 
grazing at a time when pasture availability is normally 
low, reduced cost of seedbed preparation and maintenance 
of better soil structure. 



Table 2  

Water s to rage  e f f i c i e n c y ,  n i t ra te -N a t  sowing and g r a i n  y i e l d  of wheat f o r  s i x  su r f ace  
t rea tments  i n  1966/67 and 1967/68. 

Treatment Water Nitrate-N Grain 
s to rage  a t  sowing y i e l d  
e f f i c -  kg ha-l irg he-I 
iency 60cm 

% 

Fallow I 21 2  3 87 

Shor t  f a l l o w  

Chemical f  a1 low 

Fallow + gypsum 

Fallow f s t r aw  

Falloru + hexadecanol 

1967/68 - 
Water Nitra.be-N Grain 
s to rage  a t  sowing y i e l d  
e f f i c -  lre ha-I ke ha-' 

A- - ----- -I- --- 
LSD (P = 0.05) 119 ---I--:- 147 1i.S. 420 

---- 
Annual r a i n f a l l  (mm) - ~-zr-- 1967 - ----- 278 mm 1968 - 689 mm 



Grierson (1976) compared the technique with fallow 
and short fallow prepared and sown with tyned (T) and 
rotary (R) implements. The treatments were applied on 
the same site in 1974 and 1975 as well as on a new 
adjacent site in 1975. The wheat grain yields obtained 
in these experiments are shown in table 3. 

In 1974, fallow and short fallow (T) gave similar 
yields because of the very wet growing season. Short 
fallow (R) yielded poorly because of weeds and the 
sprayseed tEeatmenti suffered from haydie (Gaeumannomyces 
graminis). In 1'975, on the 1974 site, several treatments 
were affected by haydie and on the new site, the spray- 
seed treatments were affected by cereal curculio 
(Desiantha caudata). In all three experiments, fallow 
did not suffer from weeds or disease and it yielded 
more than any other treatment. This ccnfirms numerous 
other observations that a period of fallow in a rotation 
reduces the incidence of weeds and disease. 

Table 3 ---- 
Grain yields obtai.ned from five different tillage pro- 

grammes for wheat in 1974 and 1975. 

- ---- ----- 
Grain yield t ha-' 

Tr eatmeot 1974 1975 1975 
(1974 site) (new site) -- -- -- -- 

Fallow 3.09, 3.24% 3.80 
Short fallow ( R ) *  1.72 2.180 3.52 
Short fallow i ~ j *  3.01 3.08 3. 32s 
Sprayseed (R) 1.53: 2.97 2.31 
Sprayseed (T) 1.95 2.270 2.29$ 

*(R) = rotary implement for tillage arid sowing 
(T) = tyned I T  

11 I, I t  II 

$ Short fallow (T) on previous fallow plots 
x Affected by weeds 
0 Affected by haydie 
Affected by cereal curculio --- 

5. --- Erosiondama~ 

Excessive ccltivation can lead to wind erosion 
on sandy soils and water erosion on loamy soils. This 
risk has been lessened by reducing the number of tillage 
operations (in many instances from more than eight to 
four or five) and by the construction of contour banks. 
The erosion risk on some hard-setting soils can be 
further reduced by the addition of gypsum to improve 
the soil's physical properties. There is little interest 
in stubble mulching as a means of reducing erosion risk. 



Stubbles are normally grazed by sheep over summer; 
in autumn, pasture regenerates or the remaining 
stubble is burned or worked in, in preparation for a 
second crop, 

6, Time of sowing 

Highest wheat yields are normally obtained by 
sowing before the second week in June, Yields decrease 
by 20-40 kg hs-1 for each dayrs delay in sowing after 
mid-June, because anthesis occurs later in spring as 
water stress develops. Hence, farmers are often 
prepared to sow on time, even when weather conditions 
have not allowed preparation of a normal seedbed. 

7. Depth of til- 

Experience has shown that there is no advantage 
in tilling the soil deeper than 7.5cm0 Schultz (1975) 
found that the deep placement of superphosphate 
(15cm depth) was no more effective than the normal 
practice of placing superphosphate with the seed at 
5cm depth. In many situations in South Australia, 
deeper tillage would bring stones or clay to the surfece. 

Conclusions 

The condition of the seedbed has usually'been 
regarded as very important for obtaining high yields. 
Hox-ever, except for gross defects in the seedbed (e.g, 
surface crusting or erosion) good results can be 
obtained inSouth Australia from seedbeds produced by 
a variety of tillage programmes. Yields are not 
sufficiently sensitive to seedbed condition to warrant 
much modification of the methods used. The main 
factor encouraging our farmers to change their practices 
is cost. Two approaches are being taken: 

1, The use of bigger machines to prepare and sow land 
(fallow or short fallow) without the need for 
additional labour. Farmers aim to cover big areas 
and are not interested in special techniques to 
obtain maximum yields on small areas. 

2, Reduced-tillage techniques, pxovided that any loss 
in yield due to weeds, diseases, pests, lack of 
soil water or lack of soil nitrogen does not 
absorb the saving in cost, 
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Seed Zone So i l  Water Conditions with Reduced Ti l lage i n  the Semiarid 
Central Great Plains 1! 

D. E. Smika, Soi l  Sc ien t i s t  
USDA-ARS - Akron, Colorado 80720, V.S.A. 

ABSTRACT 

Soi l  water changes measured by 1-cm increments to  the 15-cm 
depth i n  a l l - t i l l age ,  reduced-tillage, and no-ti l lage fallow t rea t -  
ments 1, 12, 19, and 34 days a f t e r  a 1.35-cm ra in  a r e  presented 
and discussed. Soi l  i n  the a l l - t i l l age  treatment dried f a s t e r  and 
to a deeper depth than the other two treatments. The no-ti l lage 
treatment dried the slowest and to  the shallowest depth. Sufficient 
water t o  germinate and support i n i t i a l  growth was found a t  the 14-, 
12-, and 7-em depth f o r  the a l l - ,  reduced-, and no-ti l lage t rea t -  
ments, respectively. 

Winter wheat (Triticum aestivum L.) i s  a well-adapted and 
extensively planted crop on dryland i n  the semiarid Central Great 
Plains. Stable economical wheat production i n  t h i s  area de?ends on 
stored s o i l  water, b e c ~ ~ s e  precipi ta t ion amounts and frequencies 
vary widely. A winter wheat-fallow rotat ion i s  comonly pracriced! 
to  ensure suf f ic ien t  water storage (5, 6). During the 14-month 
fallow period, a l l  vegetative growth i s  generally controlled by 
t i l l age .  

The development of new and more r e l i ab l e  herbicides s ince the 
mid-1960's has generated considerable i n t e r e s t  i n  replacing some o r  
a l l  of the fallow t i l l a g e  operations necessary f o r  weed control  
with herbicides (reduced- and no-ti l lage fallow, respectively). 
Reduced- and no-ti l lage fallow systems have s ign i f ican t ly  increased 
t o t a l  fallow period s o i l  water storage (4, 7, 8).  Extended dry 
periods j u s t  before seeding the winter wheat crop a r e  common i n  the 
seniar id  Central Great Plains. Ynerefore, of major importance i s  
the influence of fallow cu l tura l  system on s o i l  water content a t  the 
planting depth to  insure good germination and i n i t i a l  seedling 
establishment. 

METIiODS AND MATERIALS 

This study was conducted on the U. S .  Central Great Plains 
Research Station near Akron, Colorado, USA. The semiarid climate of 
the area has a mean annual temperature of 7'C and receives 80% of the 
average annual 38 cm of r a i n f a l l  from April through October. The 
s o i l  of the experimental area is Weld s i l t  loam which i s  an Aridic 
Paleustoll .  A t  f i e l d  capacity the s o i l  holds 0.33 cm of water per 
cm of so i l .  

1/ Contribution from Agricultural Research Service, USDA. - 



Weed control  treatments were repl icated 3 times i n  fallow p lo t s  
11 m wide by 30 m long and were (a) subsurface mechanical t i l l a g e  a s  
needed throughout the  14-month fallow period ( a l l - t i l l age  treatment), 
(b) res idual  plus contact herbicides applied only a t  the  s t a r t  of 
fallow with subsequent mechanical t i l l a g e  a s  needed (2 operations) when 
the res idual  herbicide no longer s a t i s f ac to r i l y  controlled weeds 
(beginning about the  middle of the  12th month a f t e r  i n i t i a l  herbicide 
application) (reduced-tillage treatment), and (c) res idual  plus contact 
herbicides applied a t  s t a r t  of fallow with subsequent contact herbi- 
cide applications a s  needed (2 applications) when the  residual herbi- 
cide no longer s a t i s f a c t o r i l y  controlled weeds (no-ti l lage treatment). 
The res idual  herbicide used was 2, Chloro-4-ethylamino-6-isopropylamino- 
s- t r iazine (Atrazine) a t  1.12 kg/ha ac t ive  ingredient (a . i . ) .  The con- 
t a c t  herbicide used was 1,l'-Dimethyl-4,4'-bipyridylium ion a s  dich- 
l o r ide  s a l t  (Paraquat CL) a t  0.28 kglha a . i .  

So i l  water was determined gravimetrically i n  1-cm increments t o  
a 15-cm depth t o  encompass the  normal 7- t o  13-cm seeding depth. Four 
s i t e s  were randomly selected i n  each treatment i n  each rep l ica t ion  a t  
each sampling. Samples were taken the f i r s t  day a f t e r  a r a i n f a l l  of 
1.25 cm o r  greater ,  then a t  3- or  4-day in te rva l s  u n t i l  the next rain- 
f a l l .  The data  reported here were collected during a 34-day period 
following a r a i n f a l l  of 1.35-cm. No r a in  f e l l  during these 34 days, 
and data col lect ion was stopped by wheat seeding. The s o i l  i n  the  a l l -  
and reduced-tillage treatments had been t i l l e d  t o  the  10-cm depth 8 
days before the  r a i n  and remained weed f r e e  during the  34 days without 
addi t ional  t i l l age .  So i l  water d i s t r ibu t ion  i n  the  15-cm s o i l  depth 
19 days a f t e r  the  r a in  was comparable t o  the water d i s t r ibu t ion  one 
day before the  ra in .  

RESULTS AND DISCUSSION 

Days 1, 12, 19, and 34 a f t e r  the r a i n  were selected t o  show the  
i n i t i a l  and major s o i l  water changes between samplings. Omitted samp- 
l ings  f i t  uniformly between those shown. Between 1 and 12 days a f t e r  
the  ra in ,  s o i l  water decreased d ra s t i ca l l y  i n  the  top 3 cm of s o i l  
(Fig. LA, B, C). The decrease was greates t  f o r  the a l l - t i l l a g e  t r ea t -  
ment. Some of the  water l o s t  from the top 3 cm of s o i l  undoubtedly was 
redis t r ibuted because s o i l  below the 9 - 3 1  depth showed an increase f o r  
a l l  treatments. However the  l a rges t  l o s s  was due t o  surface evaporation 
during f i r s t - s t age  drying. Environmental evaporation po ten t ia l  was 
high during t h i s  time and water i n  t h i s  depth was avai lable  f o r  flow t o  
the  s o i l  surface. So i l  water l o s s  between 3 and 9 cm was greater  than 
the  increase between 9 and 15 cm f o r  each of treatment. Evidently 
some water moved i n t o  the  s o i l  below the  15-cm sampling depth. 

Between the  12th and 19th days, the  s o i l  dried t o  a depth of 4 cm 
i n  the  a l l - t i l l a g e  treatment, but t o  only 3 an i n  the  reduced- and no- 
t i l l a g e  treatments (Fig. LA, B, C). The a l l -  and reduced-tillage t reat -  
ments l o s t  some water throughout the  15-cm sampling depth, whereas the  
no-ti l lage treatment had no change i n  water content below the 6-cm 
depth. Water l o s s  below the 4-cm depth i n  the  a l l -  and reduced-tillage 
treatments l o s s  decreased because more of the  water had t o  move to  the  
s o i l  surface as vapor. 

By the  34th day a f t e r  the  ra in ,  the  top 2 cm of s o i l  of a l l  t reat -  
ments had the  same s o i l  water content (Fig. L4, B, C).  Below t h i s  



depth, however, the treatments differed s t r ikingly.  The a l l - t i l l a g e  
treatment was dry t o  a depth of 11 cm, which was the depth of the 
deepest t i l l a g e  operation performed during the fallow period. The re- 
duced-tillage treatment was dry to  7 cm and the no-ti l lage treatment 
was dry to  only 4 cm. 

The length of time a f t e r  the r a in  tha t  the s o i l  water content 
was 0.14 cm/cm o r  greater  ( the  water content needed f o r  seed germina- 
t ion  and i n i t i a l  growth) i n  the 15-cm s o i l  depth is presented i n  Fig. 2 .  
On the 9th day a f t e r  the ra in  the water content of the top centimeter 
of s o i l  i n  the a l l -  and reduced-tillage treatments dried to a water 
content of 0.14 cm/cm. With the no-ti l lage treatment 12 days were 
required t o  dry the top centimeter of s o i l  to  a water content of 0.14 
cmlcm. The r a t e  of drying i n  the a l l - t i l ~ a g e  treatment was almost 
l inear  from the surface to  a depth of 13 cm between the 9th and 26th 
days. With reduced- and no-ti l lage treatments the increase i n  depth 
of drying was slow u n t i l  the 26th and 30th days, respectively, when 
a trend toward rapid drying to deeper depths was noted. 

The data i n  Figure 2 c lear ly  show that  with the a l l - t i l l age  t rea t -  
ment, wheat would have had to  be seeded at  the 7-cm depth during the 
f i r s t  22 days a f t e r  the rain.  Rowever with the no-ti l lage treatment, 
i t  could have been seeded a t  the 7-cm depth during 34 days a f t e r  the 
rain.  A t  the time of seeding on the 34th day a f t e r  the ra in ,  the 14-, 
12-, and 7-cm s o i l  depths contained suf f ic ien t  water to  germinate wheat 
and support i n i t i a l  growth for  the a l l - ,  reduced-, and no-tillage t rea t -  
ments, respectively. A l l  treatments were i n  third-stage drying a t  t h i s  
time and a l l  water moved t o  the s o i l  surface as  vapor. The depth of 
vapor movement would have been 11, 7, and 4 an f o r  the a l l - ,  reduced-, 
and no-ti l lage treatments, respectively. Obviously, t i l l i n g  the s o i l  
created conditions that  favored drying deeper than where no-ti l lage 
was performed. 

During the 34 days following the ra in ,  measured water l o s s  from 
the 15-cm sampling depth was 2.79, 2.34, and 1.85 cm for  the a l l - ,  
reduced-, and no-ti l lage treatments, respectively. Water l o s s  during 
the 34 days was 34% l e s s  from the no-ti l lage treatment than from the 
a l l - t i l l a g e  treatment. Water evaporation from a U. S. Weather Bureau 
Class "A" pan during t h i s  34 day period was 34.99-cm. 

Small amounts of residue on the s o i l  surface w i l l  e f fect ively 
decrease evaporation during the f i r s t - s tage  drying (1, 2, 3) but large 
quant i t i es  of residue a r e  required t o  save s ign i f ican t  amounts of s o i l  
water f o r  any extended time. A t  the time t h i s  34-day drying cycle 
occurred surface residue had been reduced to  approximately 1200 kg/ha 
on the a l l - t i l l a g e  treatment, 2200 kg/ha on the reduced-tillage t reat-  
ment while 3700 kg/ha was present on the no-tillage treatment. Where 
t i l l a g e  had been performed the residue was a l l  f l a t  on the s o i l  surface: 
on the no-ti l lage treatment, 50% was s t i l l  standing. Thus, with no- 
t i l l a g e ,  suf f ic ien t  residue may have been present, both f l a t  and stand- 
ing on the s o i l  surface to effect ively decrease turbulent t ransfer  of 
water vapor to  the atmosphere, thereby effect ively decreasing depth of 
s o i l  drying f o r  a longer time. 



CONCLUSIONS 

Following extended periods without r a i n f a l l  during fallow, the  
el imination o r  reduction of t i l l a g e  w i l l  r e s u l t  i n  a higher s o i l  water 
content nearer  the  s o i l  su r face  than where only t i l l a g e  is used. With 
t he  higher s o i l  water content nearer  the  s o i l  surface,  t h e  depth at  
which seeding must b e  performed t o  insure  good germination and i n i t i a l  
growth can be  reduced. 
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FIGURE 1. Soil water content in top 15 
crn of soil on days 1,12,19, 
and 34 after  a 1.35-cm rain 
for  all-tillage(A), reduced-till- 
age(B), and no-tillage (C) 
fallow treatments.  
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E F F L C T  O F  V A R I O U S  I ~ ~ ~ P L E M E N T S  F O R  L A N ~  B E D D I N G  O N  P H Y S I C A L  
PKOPEkTIES O F  THE SOIL A N D  YIELD OF C O R ? I  G R O N  O N  C H E R N O Z E L i  

8y Doc.dr Eor iSa  S p a s o j e v i C , P r o f . d r  Z i v o j i n  M a r k o v i t ,  
P r o f . d r  P e t a r  Drezg iC,  Uoc.dr Voj in  Dobrenov 
F a c u l t y  of A g r i c u l t u r e ,  U n i v e r s i t y  o f  Novi Sad ,Yugos l zv i a  

I n  1 9 6 7 - 1 9 7 0  on c h e r n o z e n  s o i Z  t y p e  a  f i c Z d  e s p s -  
r i m e n t  w i t h  m a i z e  was c a r r i e d  o u t  w i t h  t v o  p loug-  
h i n g  d e p t h s  ( 2 5 - 2 0  a n c  30-32 cmi and 5 3'netkoL.s o f  
p r s - p Z a n t i n g  p r e p a r a t i o n  i d i s c i n g ,  one roZ Z ing ,  
two r o Z Z i n g s ,  Ruu-comhy and ?.uZvi-rnuZcherJ. 

On t h e  t a s i s  o f  f our - year  i n v e c t i g a t i o n s  t h e  foZ- 
Zowing c o n c Z u s i o n s  have  been  r e a c h e d :  t h e  optimum 
phys i caZ  s o i Z  p r o p e r t i e s  and t h e  b e s t  c o n d i t i o n s  
f o r  niaize growing couZd be o b t a i n e d  by  u s i n g  t h a t  
p r e - p l a n t i n 5  i m p l e m e n t  For t h e  p r e - p l a n t i n g  prepa-  
r a t i o n  wh ich  p r o v i d e s  t h o s e  F a c t o r s .  Rau-eomby k r i -  
mZer was t h e  in ipzement  wh ich  p r o v i d e d  t h e  h i g h e s t  
number o f  harwes t ed  p l a n t s  and t k e  h i q k e s t  y i e l d  
o f  ma i ze  g r a i n  per  h:z i n  our  e s a m i n c t z o n s .  

I P ! T R O D U C T 1 0 ? 4  

The p h y s i c a l  p r o p e r t i e s  of t h e  s o i l ,  p r i c i a r i l y  i t s  

compact ion  e x p r e s s e d  t h r o u g h  i t s  volucie w e i g h t ,  b e a r  g r e a t  

i n f l u e n c e  o n  t h e  s o i l  p r o d u c t i v i t y  ( E e v u t ,  1 9 7 1 1 ,  g r o w t h ,  

deve lopment  and p l a n t  y i e l d .  P1ou;hing d e p t h s ,  d i f f e r e n t  

i~ i l p l emen t s  o f  p r e p l a i i t i n g  p r e p a r a t i o n ,  tin:e antl r e t h o d s  of 

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

p r o p e r t j e s .  nence ,  t h o s e  p r e - p l a n t i n s  isipleii ients have t c  

be c i ~ o s e n  f o r  p r e - p l a n t i n g  bii-~ich a c c o i ~ i p l i s i - ~ e  t h e  h i 9 i : e s t  

nuxber  of e1ei::ents f o r  tcr; g ~ a l i t y  p r c - p l a n t i n g  p r i p a r a -  

t i c r i .  

O n  t a s i s  of t i le r r s u l  t s  of S t r a n a h  ( 1 ~ 6 ~ , 1 ? : ~ ' . , 1 : ' 7 ? )  

f'ror,; mcdel ex;eri12c!t1ts a  p o s i t i v e  r e a s t i o r ;  of c ? r t a i i i  c c -  

r e a l s  h a s  founi:  o n  a s t r o n g t i ^  s o i l  co~: ipac t io i i  c s z e c i a l l ,  

t in  plan tic^ l a y e r  d e p e n d i ~ i g  on s o i l  t y p e .  

Tiie airii o f  o u r  i n v s s t i r ; a t i o n s  tias t o  e x i i i ! i ~ ~  ti76 

e f f t c t  of t w o  ploucj i~inq d e p t h s  atid v a r i o u s  p r e - p l a n t i n g  

in,pltrc:ents o n  t i le  s o i l  compac t ion  arid n a i z e  y i ~ i d  irnuer 

f i e l d  c o n d i t i o n s .  



CLIMATIC CONDITIONS 

1967 was one  of  t h e  b e s t  y e a r  f o r  maize  growing 

v ~ i t h  r e s p e c t  t o  t h e  t e m p e r a t u r e  and m o i s t u r e .  During the  
v e g e t a t i o n  p e r i o d ,  f rom IV t o  IX month, i t  was 463 m m  r a -  

i n f a l l  w i t h  p l e n t y  of  w i n t e r  m o i s t u r e  s u p p l y  (90  mm) and 

abundan t  r a i n f a l l  i n  J u n e  (140 mm) and J u l y  (169  mm). 

1968  was one of t h e  p o o r e s t  y e a r  f o r  maize  growing .  

L u r i n g  t h e  v e g e t a t i o n  p e r i o d  i t  was o n l y  290 mm r a i n f a l l  

which t o g e t h e r  w i t h  w i n t e r  m o i s t u r e  s u p p l y  6 4  mm amounted 

t o  357 m m ,  and t h e  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  t o  499 m m .  
C o n s e q u e n t l y  t h e  m o i s t u r e  d i f i c i e n c y  was 142 m m .  

1969 was m i d d l i n g  f o r  maize  p r o d u c t i o n .  During t h e  

v e g e t a t i o n  p e r i o d  t h e r e  was 332 mm r a i n f a l l  which amounted 

t o  385 w i t h  t h e  w i n t e r  m o i s t u r e  s u p p l y  of  53 m m .  P o t e n t i a l  

e v a p o t r a n s p i r a t i o n  was 475 m m .  Hence t h e  m o i s t u r e  d e f f i c i -  

ency was 90 mm. However, t h i s  d e f f i c i e n c y  a p p e a r e d  m o s t l y  

i n  t i m e  when t h e  m o i s t u r e  maize  need was r educed  hence  t h e  

r e d u c e  of maize  y i e l d  was n o t  g r e a t l y  a f f e c t e d .  

In  1970 t h e  s o i l  was s u p p l i e d  w i t h  s u f f i c i a n t  mois- 

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

y e r  o f  0-80 cm d e p t h  had o v e r  20 m o i s t u r e  w e i g h t  p e r c e n t a g e  

d u r i n g  i n t e n s i v e  growing and t a s s e l i n g  u n t i l  t h e  m i d d l e  of  

J u l y .  
The maize  y i e l d s  i n  e x p e r i m e n t a l  p e r i o d  depended on 

c l i m a t i c  c o n d i t i o n s ,  a g r o t e c h n i c a l  measu res  and number o f  

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

M E T H O D S  

The f i e l d  e x p e r i m e n t  was c a r r i e d  o u t  on t h e  che rno -  

zem s o i l  t y p e  of good p h y s i c a l ,  chemica l  and b i o l o g i c a l  p ro-  

p e r t i e s  i n  wheat-maize r o t a t i o n .  

The f o l l o w i n g  v a r i a n t s  were  examined: I  - Plough ing  

d e p t h s :  a )  15-20 cm and b) 30-32 cm; I 1  - P r e - p l a n t i n g  p re -  

p a r a t i o n :  a )  d i s c i n g  + ha r rowing ;  b) d i s c i n g  + one r o l l i n g  

w i t h  1000 kg w e i g h t ;  c )  d i s c i n g  + two r o l l i n g s  w i t h  2000 kg 

w e i g h t ;  d )  Rau-comby; e )  Pu lv i -mulche r  ( K o n g s k i i d e ) .  Compac- 

t i o n  of p l a n t i n g  l a y e r  was performed b e f o r e  p l a n t i n g .  F e r t i -  

l i z i n ~  was c a r r i e d  o u t  w i t h  102 kg/ha N ,  64 kg P205 and 52 

kg/ha K20 i n  s t a n d a r d  sys tem.  



The p l a n t i n g  was performed w i t h  sowing machine 

YU-SKPO-4 (6.V.1967, 24.1V.1968, 28.1V.1969 and 7.V.1970). 

During p r e - p l a n t i n g  p r e p a r a t i o n  t h e  s o i l  m o i s t u r e  

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

lows: 1967. 26%, 1968. 19%,  1969. 23%, and 1970. 25% we igh t  

p e r c e n t a g e .  The s o i l  s amples  were t a k e n  w i t h  100 cm3 meta l  

c y l i n d e r s  p e r  each  10 cm d e p t h  i n  5  r e p l i c a n t s .  
2  The s i z e  of e x p e r i m e n t a l - p l o t  was 322 m . S i n g l e  

c r o s s  h y b r i d  NSSC-70 seed  was used f o r  p l a n t i n g .  

R E S E A R C H  R E S U L T S '  A N D  D I S C U S S I O N  

Data  of volume w e i g h t  per  s o i l  l a y e r s  and maize 

g r a i n  y i e l d  p e r  y e a r  examined a r e  p r e s e n t e d  on t a b l e  1.The 

d a t a  i n d i c a t e  t h a t  t h e  volume w e i g h t  was i n c r e a s e d  by t h e  

i n c r e a s e  d e p t h  of  p lough ing  and i t  was v e r y  d i f f e r e n t  w i t h  

d i f f e r e n t  p r e - p l a n t i n g  implements .  

The optimum s o i l  volume w e i g h t  on t h e  c a r b o n a t e  

s o i l  f o r  ma ize  amounted t o  1 ,2 -1 ,3  gr/cm3 (Atamanjuk , l971 .  

S e v l j a g i n ,  1968,  Gr inko  1 9 6 8 ) .  The same a u t h o r s  found t h a t  

t h e  y i e l d  was i n c r e a s e d  by t h e  compact ion  i n c r e a s e  of  0 ,96-  

1 ,2 -1 ,3  gr /cm3,  however t h e  v a l u e s  below and under  t h e s e  

f a c t o r s  had a  n e g a t i v e  a f f e c t  on t h e  w a t e r -  a i r  r e q u i r e m e n t  

of t h e  s o i l  and t h e  h e i g h t  of y i e l d  o b t a i n e d .  

Accord ing  t o  o u r  i n v e s t i g a t i o n s  t h e  compact ion va-  

r i a n t  (Rau-combi) by which t h e  h i g h e s t  y i e l d  was o b t a i n e d ,  
3  was i n  l i m i t s  1 ,16-1,36 gr/cm ; however, t h e  o t h e r  p r e - p l a n -  

t i n g  implements  had lower  o r  h i g h e r  compact ion  and a s  a  

r e s u l t  i n  both c a s e s  t h e  y i e l d  r e s u l t s  were l ower .  

A s p e c i a l  low y i e l d  was n o t i c e d  w i t h  "two r o l l i n g s "  

a s  t h e r e  was a  h i g h  volume w e i g h t  ( f rom 1 , 3 1 - 1 , 4 7 ) ,  i n  t h e  

l a y e r  0-10 cm which h i n d e r e d  g e r m i n a t i o n  and t h e  number of  

s e e d l i n g s .  

Disc-har row used  a s  a  p r e p l a n t i n g  implement  has  

n o t  proved a d e q u a t e  a s  i n  l a y e r  0-10 cm i t  l e f t  t h e  s o i l  
3  v e r y  l o o s e  (1 ,06-1 ,14  gr/cm ) ,  which had a  bad e f f e c t  on 

t h e  y i e l d  i n  1969. 

The d a t a  i n d i c a t e  t h a t  t h e r e  were no such r e g u l a -  

r i t y  under  f i e l d  c o n d i t i o n s  a s  i n  model e x p e r i m e n t s  o b t a -  

i n e d  by Kovatev - 1972,  T r e t j a k o v  - 1974, V a s i l j e v  - 1965 

ana Revut - 1962. 



3 . . .  

Tab. 1 Wolumen weight of sciil (g/cm . . .  ) and Yield o f  Corn gra in  q/ha (with 14% moisture) 

(Ploughind depth - 20-cm) 

, . , . 
Depth 

7 

'; Oiscing 1 - r o l l i n g  . : 2 r o l l i n g  Rau-coll~biy . . 
Pulvi nlulcher -. 

(cnl) '67. '68. '69. ,70. '67.' '68'; '69. ,'701-' ~ . . 
. . 

0-10 cn, 1 , ld  - 1,09 1,14 1,27 - 1,28 1,28, 1,47 - , 1,32 1,34 - 1,24 1,25 - 1 , 2 1 '  l y 2 6  

lo-zocm 1,23 . -  1,19 i , 2 5  1,41 - 1,32 1,40 1,47 - 1,38 1,43 - 1,36 1,36 - 1,39 1,40 

Yield .91 - 83' 114 85.: - 90 109 81 - 73 97 - , 95 i i a  - 93 i 12- 
(qlha)  

(Ploughing depth - 30 cm) 

. . :  . . 

0-10cm 1,13 1,06 1 ,07  1,12 1,31 1,25 1,30 1,35 1,34 1,31 1,32 1,38 1',16 1,28 1,25 1,18 1,30 1,28 

10-20cm 1,23 1,29 1,20 1,23 1,37 1,35 1,32 1 ,36  1 , 4 6  1,37 1,38 1,40 1;32 1,36 1,36 1,40 1 1,38 

20-30cm 1,29 1,34 1,25 1,34 1,45 1,37 1,38 1,39 1 , 4 5  1 , 3 9  1,40 1,41 1,35 1,40 1,40 1,41 1,42 1-,40 

Yield 
(q/ha) 90 66 88- 112 83 64 86 104 75 69. 77 107 75 87 121 72 7 7 115 

. . 



T a b l e  2. shows t h e  d a t a  of g r a i n  y i e l d  and number 

of  h a r v e s t e d  Maize cob  depend ing  on p lough ing  d e p t h  and 

p r e - p l a n t i n g  implements .  

The d a t a  i n d i c a t e  t h a t  v e r y  d i f f e r e n t  y i e l d s  were 

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

number of we l l  deve loped  p l a n t s  and l e s s  on t h e  s o i l  com- 

p a c t i  on. 
I n  1967,  1968 and 1970 t h e r e  were 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  y i e l d s  o b t a i n e d  between p lough ing  d e p t h s .  

However, t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between p re -  

p l a n t i n g  implements  each  y e a r .  T h u s  i n  1967 t h e  h i g h e s t  

y i e l d  w i t h  d i s c - h a r r o w  was o b t a i n e d  w i t h  99% p r o b a b i l i t y .  

In  1968 t h e  h i g h e s t  y i e l d  was o b t a i n e d  w i t h  Rau-combi 
whereas  d i s c i n g  and one r o l l i n g  proved s i g n i f i c a n t l y  

p o o r e r  per formance .  

I n  1969 t h e  h i g h e s t  y i e l d  was o b t a i n e d  w i t h  Rau- 

combi (91  q / h a )  and t h e  g r e a t e s t  number of  Maize cob  h a r -  

v e s t e d  ( 3 5  500 p l a n t s / h a ) .  The l o w e s t  y i e l d  (75  q / h a )  and 

s m a l l e s t  number of  Maize cob h a r v e s t e d  ( 2 8  300 /ha )  was 

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

a s  w i t h  t h a t  v a r i a n t  i n  a l l  l a y e r s  and both  d e p t h s  t h e  

s o i l  compact ion  was t h e  h i g h e s t  r a n g i n g  from 1,32-1,40 
3 gr/cm . Consequen t ly  a  g r e a t  number of  s e e d s  was l e f t  on 

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

were no f a v o r a b l e  c o n d i t i o n s  f o r  g e r m i n a t i o n  because  o f  

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

m i n a t i o n ,  s h o o t i n g ,  growth and y i e l d  d e l a y .  

In  1970 t h e  h i g h e s t  y i e l d s  were o b t a i n e d  because  

o f  optimum m o i s t u r e  t h r o u g h o u t  t h e  whole v e g e t a t i v e  p e r i o d  
and t h e  g r e a t e s t  number o f  h a r v e s t e d  p l a n t s .  I n  t h i s  y e a r  

t o o  t h e  h i g h e s t  y i e l d s  were o b t a i n e d  (119 ,7  q / h a )  and t h e  

g r e a t e s t  number of Maize cob h a r v e s t e d  (44 ,600)  by u s i n g  

t h e  p r e - p l a n t i n g  implement Rau-combi, whereas  t h e  l o w e s t  

y i e l d  (102 ,2  q / h a )  and t h e  s m a l l e s t  number of p l a n t s  

( 3 6 , 8 0 0 )  were  o b t a i n e d  w i t h  two r o l l i n g s ,  The d i f f e r e n c e s  

were proved by ove r  99% p r o b a b i l i t y .  

C O N C L U S I O N  

On t h e  b a s i s  o f  t h e  f o u r  y e a r  e x a m i n a t i o n  on che rno -  

zem s o i l  t h e  f o l l o w i n g  c o n c l u s i o n  has  been r e a c h e d :  



Ta . 2. Effect of ploughing depth, method of pre-planting 
?reparation on Yield of Corn g a i n  (q/haj and 
nuaber of Corn cob/ha NSSC-7C 

Plou9- Pre- Y e a r s  
l i i ng  pla- 
depth t i n g  1967. 1353. 1969. 1973. . 
(cm) imp- 

1 e q/ha (330)  q/ha (000) q/ha (003) q/ha (003)  Plan- AB e n  X A3 ts/ha Plan- Plan- 1 AB Plan- 
: R I  ts/ha ' ts/ha ts/ha 

5% 1% 5% 1 % 5% 1 % 5% 1% 

L S G  A 4 6 - - 7 7 5 5 

+ T = Disc-harrow 
1 V = 1 ro l l ing  
2 V = 2 ro l l ing  
RC = Rau-comb1 
SS = Pulvi mulcher 



For p r e - p l a n t i n g  s o i l  p r e p a r a t i o n  f o r  maize t h o s e  

p r e - p l a n t i n g  implements  s h o u l d  be used  which p r o v i d e  t h e  

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

op t ima p l a n t i n g  d e p t h ,  s h o o t i n g  and growth of  t h e  g r e a t e s t  

number o f  g e r m i n a t i v e  s e e d s  p l a n t e d .  Rau-combi k r i m p l e r  

was t h e  implement used i n  o u r  e x a m i n a t i o n s  which p rov ided  

a l l  t h o s e  e l e m e n t s .  
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Evaluation of physical properties of cultivated layers for 
the corn-parison of different tillage treaments 
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Abstract 

The paper outlines a technique, based on the use 
of large (350 rnm- diameter) undisturbed soil samples, 
for determ-ining the important soil physical properties 
which influence the moisture status and strength of different 
soil tilths. A photographic method for tilth definition and 
the determination of clod size distribution within a profile 
i s  discussed. 

Introduction 

In the United Kingdom, significant yield increases 
may be gained from the timely sowing of most crops. 
Due, however, to the unfavourable no is tu re  status and 
strength of the soil, spriag sowing frequently takes place 
after the opthum date. Investigations a r e  proceeding 
a t  the National College to deter=-ine the effect of different 
autunrn tillage treatnents on the workability and 
trafficability of the soil in the following spring; a wide 
range of tilths a r e  being considered. 

The sooner a cultivated soil approaches a moisture 
content close to the plastic limit after rain. the earl ier  seed- 
bed preparations can begin. The the required for such a 
change to occur will depend upon the overall drainage 
status of the profile, the drainage rate in the cultivated 
layer, the field capacity moisture content and the rate of 
moisture depletion resulting from evaporation. In many 
soils, field capacity is  usually above the plastic limit 
and therefore, the objectives should be aimed 
a t  rr-inimising field capacity and maximising the 
evaporation rate. These a i a s  will also increase soil 
strength in a given profile. The m-ain physical par--eters 
required to evaluate differences between tillage treatments 
in this context a r e  soil density, volumetric rn-oisture 
content, m-oisture content/ suction relationship, profile 



drying rate,  and the soil strength/suction/density relationship. 
This paper describes a technique which i s  being used to determ-ine 
these parameters and i t  includes both field and laboratory 
m-easurements. 

Moisture status and soil strength evaluation 

The size of sample required to ensure representative 
sampling i s  large when very coarse tilths (clod size up to 
150 ma diameter) a r e  considered. 'In situ' measuring 
techniques for moisture content, suction and density should 
offer advantages, but there a r e  significant calibration 
problems and difficulties in accurately monitoring the 
conditions close to the surface. The results obtained from- 
field plots a r e  dependent upon the weather patterns in that - 
particular season. The weather, unfortunately, does not 
always provide the range of conditions required. To-over- 
come rnany of these problems and to make optimum use of the 
available labour, a technique has been developed where 
350 rnm diameter, 250 m i -  deep undisturbed samples a r e  
collected from the field plots. 

Sampling technique 

The sampling tube (PVC Class B pipe) fitted with a 
cutting ring i s  jacked into the sample area. The reaction 
being taken by a cross bean?- held by two ground anchors, 
fig. 1. The sample i s  carefully excavated, inverted to remove 
the cutting ring and a base plate inserted. During inversion 
the irregular soil surface of the sample i s  supported and 
protected with soft packing cloth. Sampling is  relatively 
simple on cultivated plots, but problems can a r i se  in hard, 
dry  compact conditions. On hard plots, a combined 
hammering and jacking action, together with soil excavation 
around the cutting ring ass is ts  penetration without creating 
significant soil disturbance. The samples weigh up to 40 kg 
and a 3 man team can take 15 samples in a 4 - 5 hour period. 

Volumetric moisture content and density 

The volumetric moisture content and density a r e  
determined for increments of soil depth by cutting the soil. off 
in layers and using a thermo-gravbetr ic  technique. By 
field sampling a t  the appropriate the interval after rain, 
the field capacity moisture content and density can be 
determined. Surface elevation and roughness measurements 
a r e  made in the field using a relief meter (Kuipers 1957), 
allowing overall density changes with time to be monitored 
over a larger  area. 



Fig. 1 
Sampling 
Equipment 

Fig. 2 
Large sample 
on sand table 

Suction/m-ois ture content relationship 

A measure of the soil m-oisture content/suction 
relationship can be obtained by placing the large samples 
on a sand table capable of operating up to suctions of 
1 rn, fig. 2. Using this technique, the sample can be 
brought to any equilibriun?. suction between saturation 
and 1 m- (Haarst and Stakman 1965). This sim-ulates the 
effect of different phreatic water levels in the soil 
profile, and the total volume of water released over the 
different suction ranges can be measured. The volume 



released provides a useful measure of the volume of large 
readily drained structural pores a t  different depths in the profile 
and can be compared with estimates from the density and 
field capacity data. In addition, the volume extracted gives 
an immediate assessment of the change in field capacity moisture 
content which would result from- a change in the field water 
table position. .Table 1. illustrates for a silty clay soil. 

Moisture suction Volumetric Moisture Gntent 
measured from of top .20 m O/o 
surface Very coarse Very fine Undisturbed 

rn tilth ti1 th plot 

Table 1. Equilibrium moisture content of 
different tilths a t  different suctions 

Poor  contact between the sample and the side of the 
sampling tube has not proved to be a problem on the cultivated 
profiles. Care, however, i s  needed with the high density 
undisturbed samples to ensure there a r e  no large volume gaps 
a t  the sides. 

Moisturefstrength relationship 

Soil strength is  assessed indirectly in the field using 
tractor wheel sinkage tests. The strength of the uncultivated 
and finer tilths can be assessed a t  a range of ture 
suctions using the large samples on the sand table. Problems 
a r i se  with the coarse tilths, where the size of the clod either 
approaches o r  i s  greater than the size of the m-easuring device, 
e. g. shear vane, penetrometer o r  bevameter. Although a 
platelsinkage test will give some estimate with a coarse tilth 
sample, field measurements a r e  preferred. 

Profile drying characteristic 

Work i s  proceeding on the measurement of water 
diffusivity of the profiles a t  different volumetric moisture 
contents, to estimate drying rates after field capacity has 
been reached. The sand tables a r e  used to bring the large 
samples to the required equilibrium moisture suction before 
the test. 



Thermal properties 

The thermal properties of the tilths a r e  measured a t  
the different equilibrium moisture suction values during the 
drawdown process on the sand tables. Three sets  of five 
thermocouples a r e  inserted through the sides of the well 
lagged sample tube a t  the appropriate depths and the 
thermal diffusivity estimated using the method of 
van Wijk (Wijk 1963). 

Tilth definition 

OE of the most  useful ways of defining a tilth for 
scientific purposes i s  to define i t  in terms of i ts  porosity 
and pore size distribution and i ts  physical properties. 
However, this definition i s  of little value to the farmer  
who has to produce a specific tilth in the field. Tilths 
a r e  frequently defined in t e r n s  of clod size distribution, 
the distribution being determined using sieving 
techniques. Sieving tends to be time consuming and 
difficult, particularly under wet conditions and the results 
a r e  sometimes very variable. To overcome some of these 
problems a photographic technique i s  being used where a 
grid of standard dimensions i s  laid on to the soil surface and 
a photograph taken from a standard height, with the line of 
sight perpendicular to the surface and the grid, fig. 3. 
The photograph can be analysed to determine the clod size 
distribution (Nellist 1961), o r  conrpared with a ser ies  of 
standard photographs of known clod size distribution and 
ranked according to the coarseness of the tilth. The use 
of stereo pairs  of photographs has helped in the analysis 
of clod size distributions and in micro-relief studies on the 
soil surface. (Spruijt 1974). 

This photographic technique i s  directly applicable 
to the soil surface, but can also be used for the assessment 
of the vertical distribution of clods (Spruijt 1974). F o r  the 
vertical distribution, a sloping profile, approximately 25O 
to the horizontal, i s  carefully prepared by hand with 
mink-- disturbance of the clods, to show a representative 
distribution of clods with depth. The sloping profile i s  then 
photographed with the line of sight perpendicular to the 
surface. 

Table 2 allows the comparison of the photographic 
method with a sieving method for assessing changes in clod 
size distribution with depth. The photographic technique 
for clod size determination is  most satisfactory for tilths 
containing discrete clods, such a s  those freshly cultivated. 
The rcethod becomes increasingly difficult to use a s  the 
clods weather and settle. 



Clod P hot0 Analysis 

1 3 1~ - in 17.1 15. 0 16.1 

14.1 15, 2 14. 7 

Table 2 Clod s ize distribution in ver t ical  
profile 

Fig.  3 
Soil surface 
showing 
grid 
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A- 

Mesaurements of the drsught force acting on s simple tine heve been mads in e leborstory soil 
bin and in the field over e rsnge of speed (S mms-1 - 5 ms-1) end soil moisture content (3-105). 
Existing theories in soil mochsnies sdequstely ~rcdist the drought force st very lor apeed but 
further model* need to be developed to explain both the ehsnge in dravght with speed and the 
dependence of the dreught/.peed ehsrseteristis on soil properties. 

INTRODUCTION 

The deaign of cvltirstion implements in syetemstie 
tnnrlenlrs of the beil,.vioar " r  i r n ~ l c ~ a r i t l a  in v a r i a u r  - i o ~ l r  

menoer ia dependant on adequate 
;,llcl opers+,ilr;l o < > n < l i i  iu81*. Tile ----- 

meehsnics of plane toole of simple shspe hss been developed for very lox fonrsrd apeed. The trend 
in recent years hse been to insresse cultivstion apeed. Thia has highlighted the need for s soil 
mechanics to cone xith the effect of meed end elso the shortem of ex~erimentsl observstioo of 
apecd effects ob the performsnsa of tiilege tools. 

- 

It hea been sesepted for many yesra thnt the draught foroe en mouldboerd plovgha increases in 
proportion to the square of the ferrsrd speed due to seeelerstion of the friled soil mssa. Eenee 
~or~eehkin(1) end Soehne(2) proposed s drsught/apeed equation of the form: 

D - Do + a"- (1) 

where D is the drsught force, Do 'drought force st zero apeed', r forrerd speed, s constant. 

The component Do in the csae of chisel tines end wide cutting blades is the force thst the 
tine must exert on the soil to just produce frilvre plsnes through the eoil msas. It may be 
compared rith tho parallel situstion in civil engineering soil mechanics of reteining velle end of 
the beering copscity of footinge. Reeec(3) has veed thia cornperison to propose an edditive 
equstion to cslevl~te Do for wide cutting bledes involving two-di8mensiooel soil feilure based on 
Terzoghik equation for beeping cepssity(4). Thia assunea failure avrfssea of a log spire1 ahape 
*ad is composed of terms due to soil cohesion, denaity, aurehsrge end sail to implement sdheaion. 
A practical form of this equetion has been prapoaed by Eettiprstshi. Witney end Beeee(5) as: 

Do = NII + czNe + e zN + qzNq) sin (U + 6 ) + e z cet U 
e P I (2) 

where 8 is unit weight, z depth of cut, c cohesion, ee adhesion, q surehr.rze preaeure,U reke sngle 
.of blsde. 6 sqlc of soil/metrl friction, b width of blade. The N feetorr are numerics1 gurntities 
depeodsnt on 8, the @ogle of internal friction. cl nod 6 . The vpluea of N for a rengc of 8 .  d nod 6 
were compvted by Hettiaretchi et a 1  sod are reported in their peper. 

Narrow tinea cease soil f~ilure plsnes to the front end to the * i d r x  of the tine ( s e e  Psyns (6)) 
~ n d  the forsee due to the ride feilvres sre cornperable xith thoxe to the front. Reeee's simplified 
two-dimensional soslysis cannot therefore be applied but Aettieretchi end Reeee(7) have proposed a 
semi-empirical solution ss en exteoeion to the two-dimensional analyeis. 

Compsrisoo of measured draught force/apeed ehereeteristics with equation 1 hare eleerly 
demonstretea thet it is defieiellt (e.g. Wismer pod Luth(8)). In recent yeers, the incresse of 
draught force rith apeed hes becn attributed to ehsoge of soil shear strength xith atrsin rete(9). 
speed dependence of soil feilvre ~*ttern(lO), visco-elpstie effeets(l1) end rete of propsgstion of 
strees W B V ~ B  through soil(12). 

Acceleration forces are clearly ~ignifieent in the esae of mouldbosrd ploughs end bulldozer 
bledes which move s compsrstively lerge mess of soil. However, their contribution to the increase 
of drsught rith speed for tined im2lemeots is queationeble becavse of the small amovnt of soi h movement. Wiemer end Luth(8) hsve ehom that drrvght ineresses with the sqvare of speed (Dprv ) for 
a plene blade in sir dry sand but thet in e astureted clay drsught ie proportional to vn where o ia 
less then 1. Although inertisl forces still contribvte to the increase of drsught, their curve for 
oley implies thot the doninsnt component is due to the change of shear strength rith strain rate. 

The effects observed by Wismer end Lath may have becn due to the different mechsnieel 
properties ceusad by the different toxtvrsl composition of clay m d  asod but, equslly, they may have 
been due to the different moisture level8 in the two soils; eir dry sand end setvreted clay. Indeed, 
a8 rete effects are, in pert, releted to movement of weter through the soil matrix, it is avggested 
thet moisture level is the pertinent fastor. If that is true, then it would be expected that the 
shape of the drsught/speed ehsrseteristis in the experiments thst e r e  reported here would ehsnge with 
soil moiators content. 

The shepe of the dreught/speed cherseteristie is importsot as it affects theinsresred draught 
power reqoirsment et higher speeds. For s given implement, trsctor end field conditions, the shepa 
ef the Fhgrecteri~tie will deterdw the optimum speed for eultivetion. Pertinent to this ix 
interesting phenornenen observed by Ruasirn workers(e.g. 13) pod reviewed by Eeodriek end Gill(l4) 
thst st sufficiently high apeeda the drovght force decreosee with speed. The effect oeeura ot speeds 
ebore the rate of ropagstion of stress r e r e a  througl aoil (of the order of 10-11 ms-1 in unaatvrsted 
ogrisoltorsl soi1.T 

The aims of the present ioveatigstion were to measvre the draught foree/speed characteristics 
over s rsnge of eoil end implement rsrisbles snd compare the meeaured draught forcer st very low 
'peed. xith those predicted by equation 2. The nature end extent of aoil disruption over a range 
of speeds was alao inveetigated. Experiments were carried out. both in n Isboretory roil bin end io 
the field. 



L*BOB*TOBY EXPEBIYMTS . . 

A s o i l  b i n ,  3 m long,  which h a s  been d e s c r i b e d  p r e ~ i o t l s l y ( l 5 ) .  res uaed f o r  t h e  l e b o r s t o r y  
experiment.. The t i n e  s u p p o r t  I r e n e  was suspended by s i x  dynamometer lin!+,ges from en m e r h s a d  
c s r r i e g a  which r e *  p r o p l l c b  s l o w  overhead r s i l a  by s D.C. s o n t r o l l e d  e l e c t r i c  motor r i a  cab le  
winch. The s a r r i e r e  coo ld  be e s c a l c r o t s d  t o  sny  d e s i r e d  speed i n  t h e  r s n g s  O.OOSd.5 ma-' be fo re  
t h e  t i n e  e n t e r e d  t h e  * o i l  bin. The s i g n a l s  from t h e  s i r  t r a n s d o s e r a  end s a i g n s l  p ropor t ions1  t o  
c a r r i a g e  apead rare  recorded on magnet ic  tape.  The t s p c d  s i g o s l a  were l a t e r  sne lyaed  b y  s d i g i t s 1  
computer t o  g i v e  t h r e e  p s r p s n d i s u l s r  f o r c e s  end t h r e e  couples  t o  de f ine  t h e  f o r c e  ayatem a c t i n g  on 
t h e  t i n e .  The f o r c e 8  gne ted  l a t e r  i n  t h e  pepar  ere t h e  mean vs luea  frem t h e  eompoter s n s l y s i s  
u n l e s s  o t h a m i s e \ s t s t a d .  

A hiph  .peed c i n e  esmsra r s s  monntcd on t h e  c s r r i e g s  t o  photogrsph t h e  f a i l u r e  p e t t e r n a  i n  
f r o n t  of  t h e  t i n s  st  op to  one frame pe r  mm of f o r r s r d  movement. 

Simpla f l e t  p l a t e  c h i s e l  t i n e s  of 40 mn width were used. The rake  r w l e a  ( t o  t h e  f o r r s r d  
horizont.1) e f  t h e  t i n e s  r a r e  45 ' .  67' m d  $0'. As these  osrrar t i n e s  esuaed three-dimensionel  a o i l  
f s i l o r a  end e q u a t i o n  2 e p p l i e a  t o  two-dimensional f p i l u r s ,  e r i d e r  b l sde  (465 mm r i d e )  r s s  uaed f o r  
a ie- experiments .  

A aandy e l e y l o s r s o i l  was used i n  t h e  b in ;  i t 8  p r o p e r t i e s  are given  i n  Teble 1. It raa  
prepared  i n  t h e  b i n  t o  t h e  r e q u i r e d  d e n s i t y  by a processing u n i t  f i t t e d  t o  t h e  orrcrhead e e r r i a g s .  
cormiat ing of  r o t a r y  c u l t i s s t o r  b leder  and v i b r a t i n g  compsst ion r o l l e r a .  The r o l l e r s  were losded  
on to  t h e  s o i l  s u r f a c e  by e h y d r e u l i s  rem so t h a t  t h e  eompeotion p resaure  oould be ms in t s ined  
constant .  

PIUD I3CPHLIYnrm 

The .em t ine .  r e r e  s p e i n  napported i n  frame svspcnded by a i x  dynemometer l i&sges from 
mobile  rip- which wsa t o r e d  by s t r a c t o r .  The working dep th  was c o a t r o l l e d  by s dep th  wheel which 
81.0 &oris s t r cho-goners to r  t o  g i v e  s speed a i g n r l .  The i n a t r m e n t s t i o n  xss c a r r i e d  i n  D v e h i c l e  
fo l lowing  t h e  r i g  end jo ined  t o  t h e  r i g  t r e n s d o c e r s  by e t r a i l i n g  cable .  

Ueeeurements rere mrde i n  two expe i imen t r l  p l o t a  voder ver ious  eood i t i ens .  The s o i l  i o  p l o t  1 
n s  t h e  seme se t h r t  w e d  i n  t h e  s o i l  b i n  s o  t h r t  d i r e c t  compsrisona eovld be nede between f i e l d  end 
s o i l  b i n  r e a o l t s .  The p l o t  r e 8  div ided  i n t o  t h r e e  erees so t h r t  mersurements eeu ld  be made under 
t h r e e  d i f f e r e n t  e o o d i t i o n r ,  v iz .  * )  f a l l o r .  everage maia tv re  c o a t e o t  18.6< d.b.. b )  s t u b b l e ,  
rscragc mois tn re  c o n t e n t  3.3% and e )  f r l lor ,sver .ge moiature  con ten t  14.8%. The eress used ier 
c o n d i t i o n s  end e had r e m ~ i o e d  fel low f o r  f i v e  year* r o d  were prepared by r a t o v n t i o g  s e v e r e l  months 
p r i o r  t o  t h e  experiments .  A a  t h e  ground d i d  mot a e t t l e  s u f f i e i e o t l y ,  it xs.sompaoted by rvnoing r 
t r r e k - l g y i n g  t r ee to ;  over it two weeks be fo re  t h e  cxper inen ta .  'mceoil in i lot 2  hed s higher  ssod 
c o n t e n t  t h e n  p l o t  1 i a d  mesavrements were medc under two e o n d i t i o o r ,  v iz .  * )  fellow, m e r e g e  rn0istn.e 
c o n t e n t  11.8% d.b. sod  b )  s t u b b l e ,  *rrersge mois tu re  c o o t e o t  11.1%. The p r e p e r t i e a  of t h e  s o i l s  are 
8houo i n  Toblc 1 sod  t h e  p e n e t r r t i o o  r e s i s t a n c e  of p 30' cone is shown i o  Teble 2. 

DBAUGET FORCE AT VEBY LOW SPEED 

In o r d e r  t o  v e r i t y  t h e  uae of e q a e t i a a  2 f o r  two-dimensionrl coil f a i l u r e .  tho r i d s  b l s d e ' r s a  
~ r n l l ~ d  th roogh  t h e  s o i l  b i n  s t  s p e e d o f  5  mma-1 no t h a t  s o i l  l e i l u r e s  very s i m i l a r  t o  s t a t i c  
f s i l u r e s  rolr ld  be induced. The b l sde  r s a  s e t  s t  r r k e  aqqlea of  45'. 67'ee.d 90' end t h e  working 
depth r s a  SO mn. The drs@ht f o r c e  i s  c o m p ~ r e a  wi th  t h e  velue c s l c u l s t e d  from equa t ion  2 
i n  Tsble 3. me draugh t  o s c i l l o t c d  sa the  blade moved f o r r o r d ,  t h e  msximvn ve lue  i n  eeeh cy$e 
being ceased by t h e  fo rmet ion  of new s h e e r  plr l lea  i n  t h e  a o i l .  

TABLE 3. D r a w h t  f o r c e  an r l d e  blade (Newtons1 TABLE 4. Drsvaht f o r c e  on oarrow t z n s s  (Newtons) 

The merimam mseavrcd d raugh t  @greed w i t h  t h e  e o l e o l s t e d  vsjoe s t  e 45' r s k e o n g l e  bn t  d ive rged  
*a t h e  ang le  ass ino reaaed .  

The e x p e r i m e n t s  were then  r e p e s t e d  using narrow (40 rn r i d e )  t i o e a  t o  compere t h e  p r e d i c t i o n s  , 

as s q a s t i o n  2 and of E t t t i s r o t e h i  ~ ~ ~ ~ ~ ' ~ ( 7 )  node l  f o r  oerror c v t t i a g  b l sdea .  The r o r k i n g  
depth we' WO m; the  d r e w h t  f o r c e s  ere l i a t s d  i n  Tsble  4. The d raugh t  f o r c e  s i g n e l  d i d  n o t  
o s e i l l s t e  and t h e  meon v a l u e  i a  g iven  i n  t h e  T s b l e  

- 
The f o i l a r e  cooacd by t h e  narrow t i n e s  res t h r e e - d i ~ l e o r i o n ~ l ,  of t h e  type d s s c r i b s d  by ~ s y o r ( 6 ) .  

Horcrsr, t h e  r s l o e a  c * l e u l s t e d  from t h e  three-dimenaiodol  lmdelwrre p r o g r o f  msgnitude g r e e t e r  t h e n  
t h e  msssmed  vslus..' Tho h i g h  r s l v e a r e r o  found t o  b e  due primarily t o  t h e  h igh  r s l u e  of eehaa ian  
(30.1 *Po) measured i n  t h e ~ e p ~ r t i e u l s r  experiments. Th? model was f l e s r l y  d e f e c t i v e  f o r  a p p l i c a t i o n  
t o  t h e s e  experimentel cond i t ions .  Velue. t h e n  e e l c u l e t s d  from e q u s t i o n  2 (althorrgh t h i s  model 
doe. n o t  inc lude  t h e  r o l l  f e i l u r e  mne). The forcea re re ,  indeed,  lower then t h e  mesaurad r r l o e s  bu t  
were of  t h e  r i g h t  o rde r .  It re. dec ided , the re fo fe ,  t o  one sqvs t ion  2 sa t h e  b s a i a  f o r  Do i n  
e q u t i o n  1. 

I measwed 1 U:: Ul: 1 1 meeaared 1 ;;W! 1 ;:l: 1830 

~ e l c ~ l e t e d  1480 2490 4420 -- -- 

a e r r o r  t l n e  model 

r r d e  t l n c  model 780 

12770 

1400 



lFE EFFECT OF SPEED ON DMIJGET IN TEE SOIL BIN - 
A e o r i e a  of experimente  were underteken i n  t h e  s o i l  b i n  t o  determine t h e  drmugbt/apcrd cherac te r -  

i s t i c  f o r  nerror t i n e a  s t  rake of 45O, 67O end go0 150 mm working depth.  The d raugh t  f a r c e s  
are p l o t t e d  i n  Figs. 1, 2 end 3.  egression sqslysis t o  t h e  r e a u l t s  and t h e  bea t  f i t t i n g  
Carre r s s  found t o  be sn exponen t i e l  of t h e  form:- 

D A + B e c V  ( 3 )  

where A ,  B sad  e a r c  eooa ten t s .  

The f v l l  curve r e s  f i t t e d  t o  t h e  p o i n t s  w i t h  no r e a t r i ~ t i o n .  The dsshed cu rve  usa fo rced  through t h e  
zero-speed force, D*, c s l e v l a t e d  from equa t ion  2 ("sing meen vs luea  of s o i l  p r o p e r t i e s  from e l l  
exper iments ) .  The c h a i n  curve shows haw t h e  s o i l  i n e r t i a l  f o r s e s  might be expec ted  t o  i o c r e s a e  t h e  
d reugh t  w i t h  epeed. The i n e r t i a l  f o r c e  was c e l c u l s t e d  oo the  sasumptioo t h a t  two-dimensional f e i l u r e  
blocks were c r e a t e d  p r i o d i e s l l y  i n  f r o n t  of  t h e  t i o e  e t  en sng le  of (45-$) t o  t h e  h o r i z o n t s l .  The 
car re  we. f o r c e d  throngh t h e  e s l c u l e t e d  ve lue  of Do. 2 

~t each reke s n g l e ,  t h e  d r svgh t  f o r c e  inc ressed  r i t h  s p e r d ,  t h e  h i g h e a t  r e t e  of i n c r e a s e  oecur- 
r i n g  r i t h  s 45' t i n e .  T h e r s t e  of i n c r e s s e  decreased w i t h  i n c r e a s i n g  apeed, i n  e o n t r a e t  t o  t h e  
r e s v l t e  of wismer sod  l u t h ( 8 )  f o r  @ir -d ry  send bu t  i n  e g ~ e e m e n t  v i t h  t h e i r  r e a u l t a  f o r  e 
s s t v r o t e d  c lay . .  The smell  d i f f e r e n c e  between t h e  f r e e  f i t t e d  curve end t h a t  f o r c e d  through Do 
a u b a t s n t i g t e d  t h e  use of t h e  txo-dimensions1 f s i l u r e  model. 

The v e r t i c a l  f o r c e s  a c t i n g  on t h e  t i n e  ere shown i n  Fig.4. They i n c r e a ~ e d  w i t h  speed i n  e 
s i rn i lo r  manner t o  t h e  d r sugh t  fonsea.  The onn lys ia  on which e q u s t i o n  2 was baaed uss meed t o  
f a l e ~ l e t e  t h e  v e r t i c a l  f o r e e s  s t  zero speed. They are msrked on Fig. 4. 

FIELD EYPERILlENTS IN PLOT 1. 

The s o i l  i n  p l o t  1 was t h e  asme se t h a t  used i n  t h e  s o i l  bin.  For c o n d i t i o n  A t h e  mois tu re  
c o n t e n t  r s s  s l i g h t l y  h i g h e r  (18.6%) than  i o  t h e  s o i l  b i n  (16.0%). 

The f o r f e e  e x e r t e d  on t i n e s  of r s k e  sng lee  45'. 67O end 90' (150 mm working dep th )  were recorded 
over a epeed r snge  of  0.28 - 2.0 rns-1 f o r  two r e p l i c a t e s .  Curvee of t h e  form of e q u a t i o n  3 were 
fouod t o  f i t  t h e  r e s u l t s  f o r  t h e  45' ~ n d  67' t i n e s  ve ry  we l l .  The r e s u l t s  f o r  t h d  90" t i n e  were too 
e c o t t e l e d  t o  f i t  B cnrve. As tbe curves f o r  t h e  45' end 67"tinea d i d  n o t  d i f f e r  s i g n i f i c e n t l y  from 
each e t h e r ,  B common curve was f i t t e d  through e l l  r e s u l t s  (Fig.5.) .  

The v e r t i c a l  f o r s e s  ere p l o t t e d  i n  Fig.6. Both d raugh t  and v e r t i c a l  f o r c e s  were very  e i m i l s r  in 
form t o  t h e  r e s u l t s  from t h e  a o i i  bin. However,  due t o  s o i l  1~ being m o r e  compect t h a n  the ? o i l  i n  t h e  
b i n ,  t h e  d r r u g h t  i n e r e e r e d  r t  n s l i g h t l y  highcr rrte and t h e  loieci r e r e  higllci r s b l e  2 ) .  

S i m i l a r  d r s u g h t  f o r s e  meesurementa were made when t h e  a o i l  mois tu re  con ten t  uss 14.8% 
C).  A g r e a t e r  speed  r snge  of 0.7-4.4 ms-I wos covered. The d r s v g h t  f o r e e s  f o r  90' 'r5' t i n e s  are 
d o t t e d  i n  Fic .  7. The s c a t t e r  r s s  svch t h a t  on ly  s t r s i c h t  l i o e a  could he f i t t e d .  The s e o t t e r  
kOs  e g s i n  g r e e t o r  f o r  t h e  90' t i n e  where t h e  r e g r e s s i o n  Tine xss o n l y s i g n i f i e s n t  

- 
t h e  10% l e v e l .  

The dreught/apeed c h e r s s t c r i s t i c  r a a  v e r y  d i f f e r e n t  t o  t h a t  f o r  s o i l  LA w i t h  t h e  r s t e  of 
i n c r e s s e  of  d r s v g h t  being s m s l l e r  nnd no evidence of  t h e  r a t e  of d ravgh t  i n e r e s s e  dec reas ing  v i t h  
speed. 

Due t o  t h e  v e r y  d r y  summer i n  1975, i t  was p o s s i b l e  t o  eonduet  f u r t h e r  mesaurcmenta on p l o t  1 a t  
s moisture c o n t e n t  of 3.3% ( c o n d i t i o n  B). The a o i l  would be desc r ibed  es ' a i r -d ry '  s t  t h i s  l e v e l .  
Dole t o  t h e  v e r y  he rd  s o i l  conditions, t h e  mesevrement,a hsd t o  be mode e t  75 mn depth. The d rough t /  
speed e h e r s e t e r i s t i c s  for  67' sod  go0 t i n e s  shorn  i n  Fig.  8. A n t r i i g h t  l i n c  ves f i t t e d  t o  t h e  
67' r e e u l t s  bu t  t h e r e  wsa too  much s c a t t e r  i n  t h e  90' r e s u l t a  t o  f i t  e l i n c .  The i n c r e a s e  i n  drsvght  
w i t h  speed  f o r  t h e  67' t i n e  r e .  much s m a l l e r  than  f o r  t h e  p rev ious  r e s u l t a  and oo i n c r e e s e  a t  * I 1  wes 
e v i d e n t  r i t h  t h e  90" t i n e .  

FIELD EYPERIWTS IN PLOT 2 

S i m i l g r  meesmemente were made i n  p l o t  2 ve ing  45'. 67' end 90' t i n e s  st a dep th  o r  150 m.  he 
d r s u g h t  forces are p l o t t e d  i n  Fig. 9  r i t h  t h e  r e s u l t s  f o r  c o n d i t i o n s  A and E  p l o t t e d  on  t h e  same 
groph. There appeared t o  be no c o n s i s t e n t  d i f f e r e n c e  between t h e  r e s u l t s  f o r  t h e  f s l l o x  sod s t u b b l e  
cond i t ion8  end i t  we8 c ~ n c l u d e d  t h e t  t h e  s t u b b l e  had no s i g n i f i c a n t  e f f e c t  oo t h e  r e s u l t s .  S t r e i g h t  
r e g r e s s i o n  l i n e s  were f i t t e d  t o  t h e  r e s u l t a  f o r  t h e  67' and 90' t i n e s .  The i e s u i t a  f o r  t h e  45' t i n e  
shored  s d i s t i n c t  curvature end s p e r a b o i i c  rvrve ves f i t t e d .  

TEE EXTnrP OF SOIL FAILURE 

I n  o rde r  t o  q u e o t i f y  t h e  amount of s o i l  d i s t u r b a n c e  by t h e  t i o e .  t h e  shepc o f  each f u r r o w  r p a  
measnred by B p r o f i l e m e t e r .  The meesured furrow shepes f o r  a l a r g e  number of  s o l 1  b i n  end f i e l d  
experiments  were exemined and it r s s  found t h e t  t h e y  approximated v e r y  ~ l o ~ e l y  to normal d i s t r i b u t i o n  
curree. Normal curses r e r e ,  t h e r e f o r e ,  f i t t e d  t o  eech s e t  of d e t a  ezd t h e  furrow c r o s s - s e c t i o n e l  
orers r c r c  c o l e o l a t e d  f rom t h e  curries. The e f f e c t  of speed o n  furrow s h s p  eould then  be examined. 
The dsgrsc  of r c e t t e r  i n  t h e  r e s v l t s  was such t h a t  s t r e i g h t  l i n e s  eould be f i t t e d  i n  8 few eeses only. 
Ersmplee f o r  e t i n e  of 90' r ake  r o g l e  are shown i n  Fig.  10. Io t h e  e w e s  where l i n e s  eould be f i t t e d  
t h e  ereo i n c r e a s e d  by 5 0 8  o r  l e e s  i n  t h e  epeed reoge 0-5 ms-1. 

CONCLUSION 

The B e t t i e r a t e h i ,  Witney and Reeee(5)  t u o - d i m e o ~ i o o e l  model of * o i l  f a i l u r e  has  been shown t o  
p r e d i c t  t h e  drovght  f o r s e  on e oerrox t i n e  st v e r y  l o x  apeed v i t h  r eesonab le  accuracy  end can t h e r e -  
f o r e  be used ss s b a s i s  f o r  developing a speed dependant  model of r o i l  f e i l u r e .  The exper imente l  
r e e u l t s  hsve shorn  t h a t  t h e  chsoge i n  d r sugh t  f o r e e  w i t h  speed i s  ve ry  dependent  on s o i l  type end 
cond i t ion .  



~h~ ehengs in drought rith speed is sttributpble to: s) iocrtiel foreea, 'b) chengc ia volme 
of failed aoil e )  sheor rete dependence of eeheaioo, adheaion ?ud "ogle of friction. 

In the caae ef the dry soil (1B). even the amrll inereese of drsnght of the'67' tine ear+ot be wholly 
explsinod ss due to insrtirl forces (aee Fig.8). It ia noteworthy thet the furrow ares did not 
increase with apesd for this aoil. When however the moisture content of the soil r a a  increased (soil 
1C) the drenght force r s a  merkedly dependent oo speed. Inertial foroea oemuoted for only smll 
part of the increase. The furrow ares insrcessd by less then 505 whish rovld olso account for 
farther port. Ineresaing soil ahesr strength muat therefore be the predominent cause of the increase 
in drsnght. 

When the soil moiature content r s a  higher atill (soil 1.4 end the moil bin) the drsught/apeed 
cherrcteristis chsnged io ahrpe to the form of a doceyine: exponential. Renee, the moisture content is 
aceo to play sitrl role in the effect of apeedon drenght. Whether the noiature oontent ests 
directly via, ssy, e lvbrieetirrc effect on the tioe/soil interf~ce or indirectly vie, say,. the soil 
internel friction or cehesion m a t  be the subject of further inveatigetion. 

The textural elessifisetion of the aoil also effected tho ahepc of the drsught/speed ehsrecter- 
istio. The difference between the curves of Fig.9 (soil 2) and Fig.5 (aoil IA) is very signifiseat. 

Bcsulte have been presented, covering e ride speed range, which ahor thet o compler model rill 
hove to be developed to embody all the pertineil~ pnrpmetcra affecting the ehaugc of dreuxbt force with 
speed of simple tines. ' 
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TABLE 1. Soil Properties 

Soil bin IA IB 1C 2~ aa I mean *.e. I meen a.e. meen e.e. meen a.e.1 mean s.e. meso s.s. 1 
Soil type 

P clay 
5 eilt 
k sand 
pleatie limit 5 
liquid limit 5 
moisture content 

B d.b. 
density, kgm -3 

eeheaioo, kPn 

engle of internal 
friction, deg. 

en~le ~f soillnet+ 
friction, deg. 

aondy oley loam 

22.8 

21.4 

55.8 

20 

26 

aendy clay loam 

22.8 

21.4 

55.8 

20 

26 

I I I 
TABLE 2. Cone Penstretion reaistsnee in M a  

I soil. bin IA IB IC 2\ 28 I 
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SUBSURFACE DRAINAGE, TILLAGE LAYER COMPACTABILITY AND COTTON RESPONSE 
TO SEEDBED CObPACTION I N  A CLAY SOIL 

Reuven S te inha rd t  
I n s t .  of S o i l s  and Water, Agr i cu l tu ra l  Research Organizat ion,  
Bet Dagan, I s r a e l ;  Contr ibut ion no.155-E, 1976 s e r i e s .  

ABSTRACT 
Subsurface drainage of t h e  co t ton  seedbed i n  a  semi-humid cl imate 

is assumed t o  reduce t h e  r e s e t t l i n g  of t h e  t i l l e d  s o i l  during w i n t e r ,  
and i t s  compaction dur ing  seedbed p repa ra t ion  i n  spr ing .  The l a t t e r  
assumption was t e s t e d  i n  an i r r iga t ed -co t ton  experiment c a r r i e d  out  
under "wet spring" condi t ions ,  i n  a  drained and i n  an undrained block.  
S o i l  compaction was found t o  be a  funct ion  of subsurface drainage and 
of su r face  drying condi t ions ;  t h e  theory of i t s  dependence on s o i l  
water  s u c t i o n  was reconfirmed. Depth of t h e  dry su r face  l a y e r  was 
found t o  be an easy measurable parameter which may se rve  t o  charac- 
t e r i z e  s o i l  drainage and compactabi l i ty  condi t ions .  Cotton responded 
t o  compaction beneath wheel t r acks  by a  change i n  r a t e  and cha rac te r  
of growth, s i m i l a r  t o  i t s  response t o  p l an t  s tand .  Subsurface drain-  
age r e s u l t e d  t h e r e f o r e  i n  e a r l i e r  r ipening  of t h e  co t ton  and a some- 
what h igher  l i n t  percentage.  

INTRODUCTION 
I n  t h e  nor thern  v a l l e y s  of I s r a e l  t h e  c l imate  i s  semi-humid, wi th  

450-650 mm winter  r a i n f a l l .  The main crop is co t ton ,  p lan ted  during 
t h e  f i r s t  h a l f  of Apr i l  i n  a  seedbed which had been prepared i n  autumn. 
Farmers claim increased  co t ton  y i e l d s  due t o  sub-surface drainage of 
t h e  heavy grumusol s o i l s ,  bu t  a n a l y s i s  of ra infa l l -dra inf low d a t a  by 
S te inha rd t  e t  a1.(1972) has shown t h a t  t h e r e  e x i s t s  only a  90%, 63%, 
42% and 11% chance of obta in ing  a  s i g n i f i c a n t  drainflow during t h e  
months January t o  Apr i l ,  r e spec t ive ly .  This s i t u a t i o n  almost excludes 
d i r e c t  e f f e c t s  of subsurface drainage on cot ton  y i e l d s .  

The q u a n t i t a t i v e  a n a l y s i s  of t h e  poss ib l e  mechanisms by which sub- 
su r face  drainage may a f f e c t ,  d i r e c t l y  o r  i n d i r e c t l y ,  co t ton  y i e l d  is 
t h e  b a s i c  problem of our  research;  i t s  s o l u t i o n  might lead  toward a  
r a t i o n a l  des ign  of drainage and t i l l a g e  opera t ions .  

H i the r to ,  t h e  " t r a f f i c a b i l i t y  approach," assuming t r a c t o r  bog-down 
i n  undrained s o i l ,  was suggested a s  a  b a s i s  f o r  co t ton  f i e l d  drainage 
design (Nade1,1969). This approach may be v a l i d  i n  humid regions  
(Hakansson,l960; Reeve & Fausey,1974), bu t  i n  t h e  a r e a  concerned t r a f f -  
i c a b i l i t y  problems were solved r ecen t ly ;  mainly by su r face  l e v e l l i n g .  
Concerning ourse lves  with s o i l  s t r u c t u r e  r a t h e r  than t h e  t r a c t o r ,  we 
developed t h e  "compactabili ty approarh" t o  t h e  ~ r o b l e m  (Ste inhard t  e t  
a1.,1972; S te inha rd t  & Trafford , l974;  S te inha rd t , l 974) .  Applying t h i s  
approach t o  co t ton ,  i t  i s  assumed t h a t  dra inage  condi t ions  dur ing  the  
period between t i l l a g e  i n  autumn and p l a n t  emergence i n  sp r ing ,  may 
b r i n g  about apprec iable  changes i n  s o i l  s t r u c t u r e .  I t  is assumed t h a t  
s o i l  water  suc t ions  a f f e c t  s o i l  s t r e n g t h ,  which i n  t u r n  con t ro l s  the  
r e s e t t l i n g  of t h e  t i l l a g e  l a y e r  and i ts  compactabi l i ty  during cu l t iva -  
t i o n  and p lan t ing .  These s t r u c t u r a l  changes may a f f e c t  co t ton  growth 
and y i e l d s  d i r e c t l y  and a l s o  i n d i r e c t l y ,  by i n i t i a t i n g  subsequent bio- 
t i c  and phys ica l  processes wi th in  t h e  s o i l  (Ber t i l sson , l971) .  Long- 
term changes i n  s o i l  s t r u c t u r e  may be  t h e  f i n a l  outcome, a s  may be  
i n f e r r e d  from (a) drainage experiments i n  humid regions (see  review by 
Ste inhard t  & Trafford, l974;  Hundal e t  a1.,1975); and (b) s o i l  compac- 
t i o n  experiments (Vomocil and Flocker,1965). 



This "compactability approach" may seem obvious to those concerned 
w i t h  t i l l a g e  and compaction i n  re la t ion to  s o i l  water content, but ,  
astonishingly, Larson & Allmaras (1971), reviewing management factors  
related to  s o i l  compaction, did not even mention subsurface drainage 
as a management factor .  Steinhardt & Trafford (1974) found tha t  a 10 
mbar r i s e  i n  s o i l  water suction,  i n  the 2-24 mbar range, affected 
t i l lagelayercompaction as a reduction i n  t rac tor  wheel pressure of 1 
bar (average re la t ive  e f fec t  beneath and beside the t racks) .  Stein- 
hardt e t  a1.,(1975) found tha t  subsurface drainage almost eliminated 
the r e se t t l i ng  of a t i l l e d  grumusol, due to  a reduced duration of 
water table  r i s e  into  the t i l l e d  layer ,  from 48% to  17% of a 2.5 month 
rainy period. 

The "compactability approach" was tested i n  an i r r iga ted  cotton 
drainage experiment (Steinhardt e t  a1.,1976), the  essen t ia l  aspects 
and resu l t s  of which are  given below. The cotton response to  drainage 
and conpaction is described i n  essence only, emphasizing points  of 
i n t e r e s t  to  t i l l a g e  research i n  general. With respect to the cotton 
crop, i t  should be noted tha t  (a) cotton is rather  insensi t ive  to  s o i l  
aeration and may withstand a few days of flooding (Lettey e t  a1.,1962). 
(b) def ic ient  aeration may af fec t  root growth without affecting shoot 
growth (Leonard & Pinckard,l946); and (c) irrigated-cotton yields i n  
fine-textured s o i l s  are  generally not affected by t i l l a g e  and compac- 
t ion (Carter e t  a1. ,1965). 

METHODS 
The experiment was conducted i n  a commercial f i e l d  on 65% clay 

grumusol, i n  two adjoining blocks: one block drained by means of 24-m 
apar t  1-m deep p l a s t i c ,  gravel covered, drains (DB); and one undrained 
block (UB). Nine 18 x 30 m plots  were established i n  each block. The 
preceding crop was chick-peas. The s o i l  was plowed t o  a depth of 35 
cm and disked i n  August. Rainfall  up to  the beginning of March was 
500 mm, well d is t r ibuted and not causing any appreciable drainflow. 
The s o i l  was cult ivated during March, tracks being marked every second 
plant row space. The spring was unusually dry and hot.  Different ia l  
wet spring conditions were established a r t i f i c i a l l y ,  by sprinkling the 
experimental plots with 80 mm "rain" 17, 11 and 7 days before planting. 
Each treatment was replicated three times per block, i n  a Latin square 
design. Cotton (var.Acala SJ-1) was planted on 14/4/75, 12 seeds per 
m,  5 cm deep, i n  rows 1 m apar t ,  u t i l i z ing  auxil iary tracks on the 
t rac tor ' s  rear  wheels and a planter with "compaction" wheels exerting 
an estimated pressure of 0.5-0.9 bar. The crop received a pre-germina- 
t ion i r r i ga t ion ,  and the customary two interrow cul t ivat ions  and four 
i r r iga t ions .  Two s t r i p s  of three plots  each, adjacent to  the experi- 
mental blocks, served as  a "dry spring" control .  

One day before planting, s o i l  water conditions were characterized 
by measurements of (a) s o i l  water suction a t  15 cm depth, with a quick- 
response portable tensiometer; @) s o i l  moisture percentage i n  the 5- 
10-cm layer ;  and (c) the  depth of dry surface s o i l  (dry mulch). About 
11 days a f t e r  planting, t i l l a g e  layer bulk-density, water tension and 
content, and a i r  content were determined below the seeds and beneath 
the tracks,  with the aid of a "Gamma double probe" (cf .  Steinhardt, 
1975; Soane e t  a1.,1971). Emergence, height increment,nutrition and 
yield components of the cotton were monitored. Plants from a 1-m 
length of row were sampled a t  the end of the experiment. These samples 
were too small to  represent the plots  but,  analyzed simultaneously, 
they were considered to  represent the respective blocks. Various re- 
gressions between plant and s o i l  variables were calculated fo r  a l l  18 
p lo ts ,  disregarding t h e i r  separation into  blocks. This analysis could 
be misleading as  differences between blocks may ex is t .  S t i l l ,  i t  is 
considered t o  be unbiased, for  two reasons: (a) iden t ica l  yie lds  of 



co t ton  and wheat were obtained i n  these  blocks during t h r e e  seasons;  
and (b) i d e n t i c a l  c lay  contents  and bulk  d e n s i t i e s  were measured i n  t h e  
t i l l a g e  l a y e r  i n  t h e  uncompacted cot ton  row space of t h e  two b locks .  

RESULTS AND DISCUSSION 
A. S o i l  water  condit ions a t  p l an t ing  time. Water suc t ions  (S) of 
50-120 mbars (420 i n  drained c o n t r o l ) ,  and dry l a y e r  depths (H ) of d 
0.7-5.3 cm were obtained i n  accordance wi th  t reatments  applied - s e e  
f ig .2 .  The l i n e a r  regress ion  between these  parameters was dHd/dSt= 
4.4~10-2 cmlmbar ; R=. 66**, bu t  t e s t i n g  t h i s  r e l a t i o n s h i p  sepa ra t e ly  i n  
t h e  UB and DB,  r e spec t ive  R va lues  were .98** and .48".S.. These re- 
s u l t s  suggest  t h e  fol lowing causa l  r e l a t i o n s h i p s :  evaporat ion + Hd + S 
i n  t h e  UB versus evaporat ion + Hd + S + subsurface drainage,  i n  t h e  DB. 
The 5-10-cm l a y e r  moisture percentage was almost i d e n t i c a l  i n  a l l  
t rea tments ,  t h e  average f o r  DB and UB being 41.9+.2% and 42.32.8%, res-  
pec t ive ly .  This small  e f f e c t ,  a l s o  a s  compared wi th  38.7% i n  t h e  
drained con t ro l ,  may be explained by t h e  high c lay  content  of t h e  s o i l ,  
causing a low " d i f f e r e n t i a l  water  capaci ty ."  
B. S o i l  condi t ions  a t  time of emergence. Bulk dens i ty  p r o f i l e s  i n  
t h e  rows a r e  shown i n  f ig .1 .  Bulk d e n s i t i e s  found i n  t h e  con t ro l  s t r i p s  
were between those  of t h e  17- and 11-day drained t rea tments ,  suggest ing 
t h a t  s o i l  compaction i n  t h e  co t ton  row was p r a c t i c a l l y  el iminated by 
these  t reatments .  This  was n o t  t h e  case wi th  t h e  7-day drained o r  wi th  
t h e  undrained t rea tments ,  with t h e  exception of t h e  $10-cm depth i n  t h e  
17-day undrained t reatment .  I n  t h e  UB a t  a depth >10 cm, compaction of 
t h e  7-day treatment  was l e s s  than i n  e i t h e r  d r i e r  t reatments  ( see  a l s o  
f i g . 2 ) .  A s i m i l a r  r e v e r s a l  of t h e  drainage e f f e c t  was obtained under 
unplowed condit ions by Ste inhard t  & Trafford (1974). It may be  assumed 
accordingly t h a t  t h e  "S-min" va lue  under these  circumstances is about 
50 mbar, compared t o  10 mbar found i n  t h e  wicken c lay  ( c f .  S t e inha rd t ,  
1974; a h igher  S-min means an increased danger of s o i l  puddling under 
wet condi t ions) .  

Resul ts  beneath t r acks  were s i m i l a r  t o  those  obtained i n  t h e  row, 
bu t  dens i ty  d i f f e rences  between treatments  were n e g l i g i b l e  compared 
wi th  t h e  d i f f e rence  between blocks of 7 . 4 ? 1 . 2 ~ 1 0 - ~ ~ / c c .  S o i l  water 
suc t ions  below seeds,both va lues  and t h e i r  var iance  were s i g n i f i c a n t l y  
h igher  i n  the  DB (63-103 mbar) a s  compared t o  t h e  UB (37-43 mbar). The 
range of a i r  contents  (cc /cc)  was .12-.22 i n  t h e  DB, and .04-.12 i n  t h e  
UB . 
C.  T i l l a g e  l a y e r  compactabi l i ty .  The regress ions  f o r  each block be- 
tween t i l l a g e  l a y e r  bulk dens i ty  and S and Hd were not  s i g n i f i c a n t ,  
except i n  t h e  row of t h e  DB where ~ B , / ~ H ~ = - ~ . ~ X I O - ~  g /cc ;  ~ = . 6 9 ' ~ .  These 
r e s u l t s  a r e  d isappoin t ing ,  bu t  r a t h e r  expected when tak ing  i n t o  account 
t h e  v a r i a b i l i t y  of t h e  drainage condit ions appl ied .  The same regress ion  
ca l cu la t ed  f o r  both blocks simultaneously a r e  presented i n  f ig .2 .  These 
r e s u l t s  may be compared wi th  those  obtained by Ste inhard t  & Trafford 
(1974) i n  a plowed c lay  s o i l ,  by u t i l i z i n g  t h e  r e l a t i o n s h i p s  between 
s u c t i o n  and bear ing  capaci ty  developed by S te inha rd t  (1974). We esti- 
mate two values:  ( i )  t h e  r e l a t i v e  va lue  of t h e  bear ing  capaci ty-suct ion 
f a c t o r  (Ns) from t h e  d i f f e rence  i n  t h e  p l a s t i c i t y  index (25 i n  t h e  
grumusol, 8 i n  t h e  wicken clay)  i s  .645, i t  be ing  implied t h a t  mode of 
f a i l u r e ,  shape, depth and desa tu ra t ion  f a c t o r s ,  were s i m i l a r ;  and ( i i )  
t h e  dB/dS va lue  f o r  t h e  wicken c lay  from t h e  experimental r e s u l t s  of 
dD/dS and dB/dD i s  2.55~10-3 (D=wet d e n s i t  ) ,  and a r r i v e  a t  t h e  pre- 3 d i c t e d  dB/dS f o r  the  grumusol of =1.65x10- . This va lue  is c l o s e  t o  
t h e  range of 1.3-1.6~10-3 a c t u a l l y  obtained.  
D.  Long-term s t r u c t u r a l  changes. I n  prel iminary measurements, which 
have s t i l l  t o  be v e r i f i e d ,  t h e  p l a s t i c i t y  index of t h e  s o i l  determined 
a f t e r  t h e  experiment, was found t o  be  appreciably lower i n  t h e  UB a s  i n  
the  DB. Cotton p l a n t s  i n  the  UB withdrew more water  from the  s o i l  due 



Fig. 1 - Soil density in the row, as a function of depth, in 
drained (0) and undrained (0) blocks; averages of 
treatments 7 11, 7 days from "rain" to planting). 
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Fig. 2 - Tillage layer density in the row-Br (lower points), 
and beneath wheel track-Bt (upper points), as a function 
of (a) soil water suction and (b) depth of dry surface 
layer. (Regressions are for 18 plots, only treatments 
averages are shown; A = drained control.) 
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Fig .  3 - Effec t  of t r a c k  dens i ty  (St) 
and drained (0) and undrained (0 
condi t ions :  (a)  p l a n t  h e i g h t  on June 
25 and Ju ly  24; (b) r e l a t i v e  y i e l d  a t  
e a r l y  picking.  (F ina l  yield=5626kg/hc 
=loo%; C.V.=4.4%.) 

Fig. 4 - Average values per  
sample of (a)  node no. of f i r s t  
flower branch, (b) a i r -dry  stem 
weight ,  and (c)  a i r -dry  branch 
+ l e a f  weight ,  a s  funct ions  of 
t h e  co t ton  p l an t  s tand  and of 
drainage condi t ions .  

bulk  dens i ty  beneath tracks-Bt,g/cc co t ton  p l a n t s  per  1-m row 

t o  d i f f e rences  i n  roo t ing  and a  longer  growing period - see  next para .  
Therefore,  t h e  decreased p l a s t i c i t y  might be an i n d i r e c t  e f f e c t  of t h e  
drainage ( c f .  Warkentin & Bozozuk,l961). 
E. co t ton  growth and y i e l d  resDonses t o  s o i l  condi t ions .  Cotton res-  
ponse was analyzed by r eg res s ion  t o  s o i l  v a r i a b l e s  a t  p l an t ing  time. - 
The r e s u l t s  f o r  two p l a n t  parameters a r e  shown i n  f ig .3 .  The cor re la-  
t i o n s  between r e l a t i v e  e a r l y  y i e l d  and o t h e r  v a r i a b l e s  were (R=).78 
wi th  S ,  .70 wi th  A,, .68 wi th  W r ,  .66 wi th  Hd, and .65 with B r .  The 
h igher  c o r r e l a t i o n  wi th  Bt of .87, as  w e l l  a s  o t h e r  r e s u l t s  ( see  below), 
suggest  t h a t  p l a n t  response was mainly a  funct ion  of t r a c k  compaction. 
An exception was a  r e t a r d a t i o n  i n  r a t e  of emergence which could be re- 
l a t e d  :o a i r  content  i n  the  row ( c f .  S t e inha rd t ,  1975).  F ina l  y i e l d s  
i n  the  blocks and t h e  con t ro l  s t r i p s  were almost i d e n t i c a l .  But,  due 
t o  the  d i f f e r e n t i a l  time of r ipening  the  weighted l i n t  percentage i n  
t h e  DB was 38.4%, vs .  37.8% i n  t h e  UB, a  small  but  s i g n i f i c a n t  d i f f e r -  
ence. Water content  i n  t h e  t i l l a g e  l a y e r  on t h e  uncompacted s i d e  of 
the  rows (W ) was found t o  be lower, t h e  higlner t h e  compaction on t h e  

u  



** o t h e r  s ide :  dWU/dBt=-.52; Rx.66 . Although t h i s  r e s u l t  has not  been 
v e r i f i e d  d i r e c t l y ,  i t  suggests  g r e a t e r  roo t  p r o l i f e r a t i o n  a s  a compen- 
s a t i o n  f o r  the  unfavorable roo t  growth condi t ions  t o  t h e  o t h e r  s i d e  of 
the  p l a n t s .  An equiva lent  roo t  growth response was obtained by Taylor 
& Burnet t  (1964). 

An i n t e r e s t i n g  i n s i g h t  i n t o  t h e  poss ib l e  causa l  r e l a t i o n s h i p s  is 
gained by the  a n a l y s i s  of  p l an t  samples, r e s u l t s  of  which a r e  shown 
i n  f ig .4 .  The i d e n t i c a l  branch+leaf weight response t o  p l a n t  s tand  
(a  random va r i ab le )  suggests  t h a t  t h e r e  was no d i f f e r e n c e  i n  shoot 
compet i t ionfor  l i g h t  between t h e  UB and DB, a s  a l s o  suggested by t h e  
uniform f i n a l  y i e l d s .  I n  c o n t r a s t ,  t h e  d i f f e rences  i n  response of the  
main stem development parameters t o  p l an t  s tand  suggest  q u i t e  c l e a r l y  
t h a t  competition between roo t s  of ad jacent  p l a n t s  i s  s i m i l a r  i n  e f f e c t  
t o  s o i l  compaction. One has only t o  s h i f t  t h e  regress ion  l i n e s  f o r  
t h e  UB by 6 t o  8 p l a n t s  pe r  m t o  t h e  r i g h t ,  t o  s e e  t h e  s i m i l a r i t y  wi th  
t h e  he ight  response t o  B t ,  shown i n  f ig .3a .  The r e s u l t s  of Greacen 
et a1.(1969), demonstrating t h e  d i f f i c u l t y  encountered by r o o t s  t r y i n g  
t o  e n t e r  compact s o i l s  a t  incidence angles  g r e a t e r  than 45', and t h e  
assumption of a geotrophic e f f e c t  on roo t  growth, exp la in  t h e  r a t h e r  
high s e n s i t i v i t y  t o  t r a c k  compaction implied. 

Although f i n a l  co t ton  y i e l d s  were almost i d e n t i c a l  i t  should be 
poss ib l e  t o  assess those  circumstances i n  which y i e l d s  w i l l  d i f f e r  
apprec iably ;  t h a t  is the  circumstances i n  which cot ton  p l a n t s  w i l l  no t  
be a b l e  t o  change t h e i r  r a t e  ar,d mode of development a i t h o u t  y i e l d  re- 
duct ion.  Def ic ienc ies  i n  n u t r i e n t  o r  water  supply,  and an i n s u f f i c i e n t  
growth period,  a r e  obvious examples of widespread occurrence. The 
claim of farmers t h a t  co t ton  y i e l d s  respond t o  subsurface dra inage  has 
thus been warranted. Following some a d d i t i o n a l  research  i t  should not  
be too d i f f i c u l t  t o  p r e d i c t  t h i s  response q u a n t i t a t i v e l y .  
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A new Machine for the Insertion of Straw into the Soii 
und for deep Tillage in ploughless Tillage Systems 

Prof. Dr.-Ing. Alfred Strop?el, Institute of Agricultural 
Engineering, University of Hohenheim, Stuttgart, Cerm:my 

Abstract : 
Within the scope of an extensive research programme in 
the University of Hohenheim several problems of process 
engineering of cereal products are tackle:',. A part of 
thls research programme deals with investigations into 
problems of soil tillage and of drilling cereal grains. 
A practical research result in this field has led to the 
development of a new machine whose prototype has been 
tested. This machine is able to perform the following 
functions: insertion of straw and stubble into the soil; 
deep break of soil instead of ploughing; and seedbed- 
preparation, if drilling follows immediately after the 
deep tillage. This report gives a summary of some of the 
cocsiderations which led to the construction of the ma- 
chine. Details of the machine design and some of the ex- 
perimental resulrs are also given. 

The ploughless cultivation and the insertion of straw in- 
to the soil are investigated on together by the Insti- 
tutes of Agricultural Engineering and of Plant Production 

within a special research prograume called "Process Engi- 
neering in the Production of Cereals". The aims of the 
investigations of the practical research are to develop 
efficient machines and methods which.would not decrease 
crop yields or have adverse effects upon the enviroment. 

In this connection not only conv;?ntional machines are 
being tested, but also new tools and implements are also 
being developed a ~ d  built, if they promise to be success- 
ful. Some of the conventional machines and methods as 
well as the newly developed machines are being tested in 

long-term experiments at different parts of Gernany. 
From these experiments, the machines and methods are :an- 
pared with regards to their effectiveness, efficiencg.. 
power requirenent and thei? influences on crop yield ! i ~  

. . enviroment. In the following pparagrx2hs a report :il!,. 



be -:iven aoout the  machine which has been developed within 
our research work and which ilas been t e s ted  l a s t  year f o r  

tn- f i r s t  t ine .  The main reason fo r  developing t h i s  ma- 
chine was the search f o r  an optimum method t o  i n se r t  straw 
in to  the s o i l ,  because t h i s  i s  a topica l  subject i n  Ger- 
m a q -  a t  present. One can say t ha t  straw i s  properly in- 
ser ted in to  the s o i l  when only very small quant i t ies  of 
straw remain on the  s o i l  surface. Under conditions of well 
inser ted straw in to  the  s o i l ,  problems a r i s ing  from seed 
d r i l l i n g  which would follow t h i s  ploughless cul t iva t ion  
are unlikely t o  occur. Also the  straw i s  expected t o  de- 
cay f a s t  t o  avoid a decrease i n  crop yield. 

L i t t l e  information i s  available on the depth of straw in- 
ser t ion  in to  the  s o i l  and on the maximum straw concentra- 
t i on  i n  the- s o i l  a s  they are  affected by various parame- 
t e r s  such as s o i l  and climatic conditions. Some experiments 
have been car r ied  out on straw decay. The r e s u l t s  of these 
experiments have been used as  the basis  f o r  the develop- 
ment of the machine. The r e s u l t s  which are  important i n  
t h i s  connection are  given i n  Fippre 1. This f igure shows 
t h a t  the  grea tes t  amount of straw decays when the  straw i s  
uniformly inser ted  in to  the s o i l  up t o  depths correspon- 
ding t o  20 cm. Therefore the  developed machine f o r  straw 
inser t ion  had t o  f u l f i l l  the  following condition: it must 
mix the  straw with the s o i l  up t o  depths of 20 - 25 cm so 
t h a t  the straw concentration might be evenly dis t r ibuted 
a l l  over the  depth of inser t ion.  

depth 

>''i::ve 1: Effect of 3epth of straw inser t ion  on straw 
decay ( a f t e r  seven month) 



For cereal. production i n  primary cul t iva t ion  which re- 
q i res  a  s o i l  break of 20 - 25 cm t h i s  machine should be 
able t o  subs t i tu te  the plough. I n  those cases, i n  which 
d r i l l i n g  takes place immediately a f t e r  the  inser t ion  of 
straw and a f t e r  deep break (winter grain following corn, 
lucerne o r  clover following grain) the machine should also 
be able t o  prepare the seedbed i n  the same pass. 

Figure 2  shows the schematic diagramm of the  t e s t  machine. 
The machine consis ts  o f  a  basic frame (1) which i s  fasten- 
ed t o  the  three-point-linkage o f  the  t r a c ~ o r .  Firmly con- 
nected with the basic frame i s  a  r o w  of horizontal ly  ar- 
ranged heavy cul t iva tor  t i ne s  (2) and a  ro ta ry  cu l t iva to r  

(7). The ro ta ry  cul t iva tor  can be adjusted i n  ve r t i c a l  di- 
rec t ion  so t h a t  depth of t i l l a g e  can be changed r e l a t i ve  
t o  the  depth of the  heavy cul t iva tor  t ines .  The heavy cul- 
t i va to r  t i n e s  as well as the ro ta ry  cul t iva tor  can be adjusted 
independent of each other i n  horizontal  direct ion,  i n  or- 
der t o  reach an optimum mixing and t i l l a g e  effect .  Impor- 
t a n t  f o r  the  work o f  the  heavy cul t iva tor  and ro ta ry  cul- 
t i va to r  combination are  the  arrangement i n  longitudinal 
d i rec t ion  and the shape of the  heavy c u l t i v a ~ o r  shares, 
because the  heavy cul t iva tor  i s  t o  produce a  s o i l  stream 
of coarse clods, which flows in to  the  ro ta ry  cul-civator 
and i s  shared there. A s  the  heavy cul t iva tor  t ransports  
t he  s o i l  out of depths up t o  25 cm, the  ro ta ry  cu l t iva to r  
cu t s  more s o i l  p a r t i c l e s  than it would normally do. A t  the 

Figure 2: Schematical diagramm of the t e s t  machine 



f ron t  p a r t  of the  frame a  f l a i l  type forage harvester  (4) 
i s  fastened by joints.  The f l a i l  type forage harvester  can 

move v e r t i c a l l y  independent of the  basic frame and i s  able 

t o  adapt i t s e l f  optimally t o  the  ground by means of wheels. 

The f l a i l  t o o l s  chop the  straw and the  stubble and throw 

the  chopped straw behind. Thereby the  straw is  transported 

on guide p l a t e s  (5) i n t o  a  kind of mixing room (6) where it 
can premix with the  s o i l  p a r t i c l e s  t h a t  have been thrown up 

by the  heavy c u l t i v a t o r  t i n e s  and by the  r o t a r y  cu l t iva tor .  
Par t  of the  straw f a l l s  i n t o  the  created hollow space and 

thus gets  t o  the  working depth of the  t ines .  I n  the  upper 
layer  of about 8.cm the  r o t a r y  cu l t iva to r  causes fu r the r  

intense mixing and leaves a  well crumbled and even surface. 

The d ie t r ibu t ion  of straw i n  the  working depth can be regu- 

l a t e d  t o  some extent:  f i r s t l y  by the  guide p l a t e  which can 

d i r e c t  the  flow of straw depending on i t s  regulat ion e i the r  

more t o  the  heavy cu l t iva to r  t i n e s  o r  t o  the  r o t a r y  culiva- 

to r .  Secondly the  d i s t r ibu t ion  of straw i s  influenced by the  

working depth of the  r o t a r y  cu l t iva tor .  

A r e s u l t  regarding the qua l i ty  of straw inse r t ion  of the  
t e s t  machine i s  given i n  f igure  3. The sum of weight p a r t s  

of straw i s  p lo t t ed  against  the  depth of inser t ion.  The 

broken l i n e  represents the  theore t i ca l  course when i n  depth 

from 0 u n t i l 1  20 cn the straw was inse r t ed  qui te  uniformly, 

t h a t  i s  when the  same straw concentration e x i s t s  at every 

place of the  working depth. The s o l i d  l i n e  shows the  course 

Figure 3: Curve of the  cumulative weight p a r t s  of straw, 
which was inser ted  by the  new machine, as  affec- 
t e d  by the  depth of inse r t ion  



f o r  the  new straw inser t ion  machine a t  50 dt/ha. The re- 
s u l t s  show t h a t  the  new machine i n s e r t s  the straw in to  the 
s o i l  very well up t o  depth of 20 cm. Furthermore one can 
see t ha t  very l i t t l e  straw remains on the  surface (depth 
= 0 cm). 

A t  present nothing can be sa id  about the r e su l t s  regarding 
primary cul t iva t ion ,  because the  new machine has been used 
on our experimental f i e l d s  l a s t  year f o r  the  f i r s t  time. 
On these f i e l d s  the new method w i l l  be compared with seve- 
ral other methods i n  long-term experiments, on the basis  
of the t o t a l  amount of straw inser ted i n to  t he  so i l .  The 
crop ro ta t ion  i n  these experiments i s  corn - winter wheat 
- spring barley. The 'scale f o r  comparison i s  the  crop 

yield. 

I n  the  experiments of the previous year the  machine . 
achieved a well crumbled and even surface which immediate- 
l y  could be used as seedbed. Thus l a s t  year winter wheat 
could be d r i l l e d  a f t e r  the corn s t r a w  had been inserted. 

The speci f ic  problems of t h i s  combination may ce r ta in ly  
not technological ones. Through optimization of the  design 
of the  machine it may be possible t o  improve the r e s u l t s  
of the  f i r s t  experiments: r e su l t s  t h a t  anyhow are ra ther  
sat isfactory.  The main problem centres around keeping the  
required power as low as possible. The working width o f  

o u r  machine i s  1,8 m. This machine uses f i ve  cul t iva tor  
t ines .  For a cul t iva tor  t i r e  depth o.f 20 cm and f o r  a wor- 

king speed of 5 - 6 km/h, the  power required may be as 
much as 120 tractor-HP. 

It has been found out t h a t  the  energy requirements of the 
combined system i s  lower than the energy requirement of 
separate successive passes. However the  power requirement 
of the combined system i s  ra ther  high because i t s  working 
width has t o  cover the t o t a l  w i d t h  of a 1800 mm-track 
t r ac to r  with 15 inch-tires. Therefore the  machine pa r t s  
must be optimized i n  order t o  minimize power requirement. 



There are  a number of possible ways t o  do t4jis: the  straw 

chopper need not revolve a t  the  usual high number of re- 
volutions, because the  straw need not be spread s o  far 

from the  machine. The distance between the  heavy cu l t i -  
vator t i ne s  can be made greater  than t h a t  of a normal 
heavy cul t ivator .  It should also be possible t o  improve 
upon the design of the knives o f  the ro ta ry  culkivator 
more t o  get lower power requirement. I n  sp l t e  of a l l  these 
optimizing measures, a t r a c to r  power of more than 100 HP 
a t  a working speed of  6 km/h w i l l  be necessary. 
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ABSTRACT 

Compacted l a y e r s  i n  s o i l  reduce water  and a i r  movement through the  
l a y e r  and inc rease  t h e  chances t h a t  p l a n t  r o o t s  . d i l l  be slowed 
down o r  completely stopped by t h e  s o i l  pan. The cospacted l a y e r s  w i l l  
cause g r e a t e r  q u a n t i t i e s  of r o o t s  t o  be p resen t  above t h e  l aye r  and 
w i l l  reduce t h e  dens i ty  of r o o t i n g  below t h e  l aye r .  Because water  
uptake r a t e  f r o n  a  s o i l  l aye r  is propor t ional  t o  roo t ing  dens i ty ,  
water  uptake f r o a  a l l  l a y e r s  below t h e  pan usua l ly  w i l l  be slowed. 
This  reduced water  supply usua l ly  reduces y i e l d .  However, i n  some dry 
c l ima tes ,  t h e  reduced r a t e  of water  use sometises  w i l l  a s su re  
s u f f i c i e n t  water  f o r  s ~ m e  y i e l d ,  bu t  t h e  amount of y i e l d  w i l l  be 
g r e a t l y  reduced. 

The r a d i c l e  of a  c o t t o n  p l an t  can e longate  a t  r a t e s  up t o  3 m / h r  
under i d e a l  condi t ions  (Pearson, R a t l i f f ,  and Taylor ,  1970). This  
e longat ion  r a t e  can be m i n t a i n e d  u n t i l  l a t e r a l  r o o t s  a r e  i n i t i a t e d  
on t h e  primary roo t  (personal  observat ion) .  The r o o t  e longat ion  r a t e s  
can s t i l l  be r ap id  a f t e r  l a t e r a l  i n i t i a t i o n .  

Cotton r o o t s  grew t o  a  160 cio depth 42 days a f t e r  p l an t ing  (Taylor,  
Huck, and Klepper, 1972). Considering t h e  time l a g  f o r  r a d i c l e  
i n i t i a t i o n ,  t h i s  roo t  e longat ion  r a t e  was g r e a t e r  than 4 cmfday. 
Thus, c o t t o n  p l a n t s  have t h e  gene t i c  p o t e n t i a l  f o r  r ap id  r o o t  
e longat ion  r a t e s  i f  t h e i r  roo t  environment is i d e a l  and t h e  
photosynthate  s ~ p p l y  f r o s  t h e  tops  i s  s a t i s f a c t o r y .  

However, c o t t o n  r o o t  s y s t e m  seldom encounter an i d e a l  s o i l  environ- 
ment f o r  long periods and o f t e n  must overcome a d i s t i n c t l y  adverse 
e n v i r o m e n t  soon a f t e r  t h e  r a d i c l e  emerges from t h e  seed. These 
adverse condi t ions  a r e  f r equen t ly  due t o  s 3 i l  compaction. S o i l  
compaction has  decreased crop y i e l d  on an est imated 0.8 m i l l i o n  ha 
of  land i n  Ca l i fo rn ia  a lone  ( G i l l ,  1971). S o i l  compaction a f f e c t s  
r o o t  growth of c o t t o n  a t  many loca t ions  i n  t h e  s ~ u t h e r n  and south- 
western United S t a t e s  (personal  observat ion) .  Most of t hese  s o i l  
compaction problems on r o o t  growth a r e  found i n  loan  o r  sandy s o i l s .  

Conpacted s o i l s  have g r e a t e r  s3il s t r e n g t h s  than  uncoapacted s o i l s  
a t  t h e  sane water  con ten t s  (Taylor and Gardner, 1963). S o i l  s t r e n g t h s  
a r e  increased  s t i l l  more a s  the  cospacted s o i l  d r i e s  from f i e l d  
capac i ty  t o  t h e  w i l t i n g  poin t .  This  u sua l ly  expla ins  the  e f f e c t s  of 
s o i l  compaction on growth of co2ton r o o t s  i n  sandy s o i l s  (Taylor,  
Mathers, and L o t s ~ e i c h ,  1964). 



The h igh-s t rength  (coapact) l a y e r s  caused the  g r e a t e s t  decrease i n  
y i e l d  when they were loca ted  nea res t  t o  t h e  s o i l  su r face  i n  these  
sandy s o i l s  (Lowry, Taylor ,  and Huck, 1970). 

Some of these  shallow, compacted l a y e r s  damage c o t t o n  r o o t s  by s t r a n -  
gu la t ion .  The r a d i c l e  e x e r t s  enough f o r c e  t o  pene t r a t e  t h e  moist 
compact layer .  However, when t h i s  l aye r  d r i e s ,  t h e  primary r o o t  
canno: e x e r t  enough f o r c e  t o  expand r a d i a l l y .  I f  t h i s  condi t ion  
continues f o r  3 or  4 ~ s e k s ,  t r a n s p i r a t i o n a l  demands af  t h e  shoots  
exceed t h e  capac i ty  of the  c o n s t r i c t e d  po r t ion  of t h e  m i n  r o o t  t o  
c a r r y  enough water  upxard. Tinus, t h e  p l a n t  w i l t s  o r  d i e s .  This  
condi t ion  has  been described i n  d e t a i l  by Taubenhaus, Ezekiel ,  and 
Rea (1931) and by Taylor e t  a l .  (1964). 

Another mechanisa through which these  h igh-s t rength ,  compacted l a y e r s  
decrease y i e l d s  i s  by decreasing t o t a l  r o o t i n g  depth and, thus,  by 
decreasing t o t a l  water stlpply. I n  an experiment a t  AuSurn, Alabama, 
Lowry e t  a l .  (1970) inves t iga t ed  t h e  e f f e c t s  of t h e  depth and bulk 
d e n s i t y  of t h e  s o i l  pan on a loamy sand on cot ton  growth r a t e  axd 
y ie ld .  They found t h a t  y i e l d  increased  ( a t  a p a r t i c u l a r  bulk dens i ty )  
a s  the depth t o  pan increased.  A t  any p a r t i c u l a r  depth t o  pan, y i e l d  
decreased a s  bulk d e n s i t y  increased.  They found t h a t  p l a n t  he igh t  on 
J u l y  3 (a time of r ap id  co t ton  b o l l  formation) l i n e a r l y  increased 
wi th  t h e  percentage of a v a i l a b l e  water  t h a t  had been ex t r ac t ed  from 
t h e  s o i l  a t  a depth 10 cm Selow t h e  s o i l  pan sur face .  

Cotton r o o t s  e x t r a c t  water Erom a s o i l  l aye r  i n  d i r e c t  propor t ion  t o  3 
t h e  roo t ing  dens i ty  (cm root!cm s o i l )  and t o  t h e  water p o t e n t i a l  
d i f f e r e n c e  between bulk s o i l  and r o o t  xylem. Water e x t r a c t i o n  r a t e s  
a r e  i n v e r s e l y  propor t ional  t o  t h e  r e s i s t a x e  encountered by t h e  water 
i n  moving from bulk s o i l  t o  r o o t  xylein (Taylor and Klepper, 1975). 

A coapacted l aye r  can change roo t ing  dens i ty  s u b s t a n t i a l l y  i n  a l l  
l a y e r s  i n  which r o a t s  w o d d  be found i n  t h e  normal circumstances. 
The coapacted, h igh-s t rength  l a y e r s  u s ~ a l l y  cause roo t ing  dens i ty  t o  
inc rease  i n  a l l  l a y e r s  above t h e  compact one and t o  reduce w i t h i n ' t h e  
compact l aye r  and a l l  l a y e r s  below i t  (Taylor e t  a l . ,  1972). This  
causes the  c o t t o n  p l a n t s  t o  e x t r a c t  water  f a s t e r  than normal from 
above t h e  compact l aye r  and slower than normal from below t h e  conpact 
l a y e r ,  when coapared wi th  p l a n t s  grown under t h e  saae  c l i m a t i c  
environment but  i n  a s o i l  w i th  no compact l aye r .  

A s  shown by t h e  experiment of Lowry e t  a l .  (1970), t h e  p l a n t ' s  
a b i l i t y  t o  e x t r a c t  water  from below t h e  soi l -conpacted l aye r  usual ly  
w i l l  i n c r e a s ~  water  supply, growth r a t e ,  and y ie ld .  Sometimes, how- 
ever ,  a decreased water  e x t r a c t i o n  r a t e  from deep w i t h i n  t h e  p r o f i l e  
i s  advantageous; f o r  exa,nple, when t h e  c o t t o a  p l a n t s  must mature on 
s t o r e d  water ,  wi th  very  l i t t l e  p r o b a b i l i t y  of p r e c i p i t a t i o n  during 
t h e i r  b o l l  formation and na tu ra t ion  period. Under these  condi t ions ,  
a decreased r o o t i n g  dens i ty  below t h e  s o i l  pan w ~ u l d  caluse a 
decreased groljth r a t e  of t i e  p l a n t  shoots .  This  decreased shoot 
growth w i l l  decrease t r a n s p i r a t i o n a l  deaand enozgh t o  allow t h e  
s to red  water  t o  3e used longer .  This  lengthened time w i l l  a l low the  
p l a n t  enough time t o  produce some y i e l d ,  even though t h e  y i e l d  l e v e l  
w i l l  be s ~ b b s t a 2 t i a l l y  decreased from t h a t  expected ha3 the  water 
supply been adequate.  

Cotton y i e l d s  usua l ly  a r e  increased  when compacted s o i l  l a y e r s  a r e  
d i s rup ted  by any t i l l a g e  aethod (Burleson, Bloodworth, and Biggar,  



1957; Car ter  and Tave rne t t i ,  1968; Hendrick aad Dumas, 1953). 
The m g n i t u d e  of t h e  y i e l d  inc rease  caused by t i l l a g e  w i l l  vary with 
t h e  i n t e n s i t y  and depth t o  t h e  s o i l  pan under any p a r t i c u l a r  c l i m a t i c  
environment. Yield inc rease  caused by t i l l a g e  a l s o  w i l l  vary with 
c l i m a t i c  condi t ions .  I f  t h e  t i l l a g e  opera t ion  does not  cause s o r e  
water  t o  be a v a i l a b l e  t o  t h e  c o t t o n  p l an t  f o r  i t s  growth, t h e  t i l l a g e  
opera t ion  usua l ly  w i l l  no t  i nc rease  y i e ld .  

Many ac id  s.3il.s i n  the  southeas tern  United S t a t e s  conta in  tox ic  
q u a n t i t i e s  of alu-inum i n  t h e  s o i l  s o l u t i o n ,  e s p e c i a l l y  t h e  more ac id  
s u b s o i l s .  These tox ic  aluminun l e v e l s  w i l l  prevent o r  slow roo t  
development i n t o  t h e  s u b s o i l ,  even though t h e r e  a r e  no co~npact layers.  
Therefore,  d i s r u p t i n g  conpacted l a y e r s  w i l l  no t  i nc rease  y i e l d  02 

these  s o i l s ,  un less  t h i s  excess a c i d i t y  i s  cor rec ted  by adding lime 
t o  a l l  s o i l  volumes where r o o t  growth i s  needed. 

Pe r s i s t ence  of t h e  y i e l d  inc reases  caused by d i s r u p t i n g  compacted 
l a y e r s  w i l l  va ry  wi th  t h e  s o i i  type and with i t s  sanagement. 
Research m r k e r s  i n  t h e  southeas tern  United S t a t e s  have developed a  
con t ro l l ed  t r a f f i c  technique,  where the  t r a c t o r  t i r e  pa ths  a r e  con- 
f ined  t o  permanent s t r i p s  wi th in  the  f i e l d .  This  al lows mnagement 
of t h e  pressure  t h a t  machine t i r e s  e x e r t  on t h e  s o i l ,  so t h a t  t h e  
t r a f f i c  i n t e r f e r e s  a s  l i t t l e  a s  poss ib l e  w i t h  p l a n t  growth. I n  one 
experiment a t  t h e  National  T i l l a g e  Machinery Laboratory a t  Auburn, 
Alabana, t h e  s o i l  was t i l l e d  by c h i s e l i n g  t o  45 cm. Cotton y i e l d s  
were increased  about 330 kgfha. However, once t r a f f i c  was allowed on 
t h e  45-cm-deep roo t  bed, t h e  d i f f e rence  i n  c o t t o 2  y i e l d s  decreased 
r ap id ly .  I n  l a t e r  t e s t s  i n  w:lich a l l  v a r i a b l e s  except t r a f f i c  were 
kept  cons tant ,  p l o t s  wi th  con t ro l l ed  t r a f f i c  produced about 3600 
kgfha of seed cot ton ,  while  p l o t s  w i th  u n r e s t r i c t e d  t r a f f i c  produced 
only 3003 kgfha--almost 20% d i f f e rence  i n  favor of con t ro l l ed  
t r a f f i c  (Trouse, Dumas, Smith, Kumner, and G i l l ,  1975). 

I n  summary, compacted l a y e r s  i n  s o i l  decrease c o t t o n  y i e l d s  each 
year  on l a r g e  a r e a s  i n  southern and southwestern United S t a t e s ,  
u sua l ly  because they reduce t h e  t o t a l  quan t i ty  of water  supplied t o  
t h e  p l a n t  tops.  Cotton y i e l d s  a r e  increased when these  conpacted 
l a y e r s  a r e  d is rupted  i f  t h i s  d i s r u p t i o n  w i l l  i nc rease  t h e  t o t a l  water  
supply a v a i l a b l e  t o  t h e  r o o t s .  On c e r t a i n  s o i l s ,  adverse s o i l  
chemicals,  such a s  aluninum, must be changed before t h e  water  supply 
and y i e l d  w i l l  be increased.  Often, t h e  conpacted l a y e r s  w i l l  
reoccur  r a p i d l y  ux le s s  t r a c t o r - t i r e  t r a f f i c  i s  r e s t r i c t e d  t o  s p e c i f i c  
paths.  
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ABSTRACT 

Plant growth response to  s o i l  compacted by wheel t r a f f i c  during normal 
f i e l d  operations depends on the interact ion of s o i l  type, plant 
species, and climate. I n  the  Northern Corn Belt  of the United States ,  
(about 45' N l a t i t ude ) ,  germination and ear ly  growth of corn and 
soybeans are  often l imited by suboptinnun s o i l  temperatures. Later, 
growth is often limited by water deficiency. Field s tudies  i n  
Minnesota show tha t  s o i l  temperatures and water use efficiency both 
decrease and increase i n  response t o  wheel t r a f f i c .  This parabolic 
plant response suggests ways of controll ing s o i l  compaction and root 
growth t o  increase f e r t i l i z e r  use efficiency and maximize crop yields.  

INTRODUCTION 

Most of the research on plant response t o  wheel t r a f f i c  i n  the  
United States  has been conducted i n  the southern and coastal  areas. 
These s o i l s  a r e  frequently low i n  organic matter and inherently 
lack the s t ruc tu ra l  s t a b i l i t y  t o  resist deformation by intensive 
rainstorms and excessive t i l l a g e  or  wheel t r a f f i c .  Consequently, 
t r a f f i c  pans develop a t  t i l l a g e  depth t o  r e s t r i c t  ve r t i ca l  root 
growth, and wheel t r a f f i c  compacts the s o i l  t o  r e s t r i c t  l a t e r a l  root 
growth (Trouse, 1971). This r e s t r i c t ed  rooting volume often causes 
plants t o  be water stressed.  Similar r e su l t s  have been reported under 
other temperate climates such as i n  India (Chaudhary and Prihar,  1974). 

However, plant response to  s o i l  compaction depends on a combination 
of interact ions  between s o i l  type, climate, and plant species 
(Rosenberg, 1964). Thus, plant and s o i l  responses i n  the cooler, 
d r i e r  climate of the  Northern United States may be qua l i ta t ive ly  and 
quanti tat ively d i f fe ren t  from those i n  warmer, humid climates. The 
"Corn Belt" of the  United States  l i e s  pr incipal ly  between 35O and 
45' N la t i tude ,  and i s  bounded on the ea s t  and west by 80' and 100' W 
longitude. Most of the s o i l s  a r e  inherently productive, medium 
textured, and well  structured,  having been developed from p r a i r i e  or  
t rans i t iona l  prair ie-forest  vegetation (Mollisols and Alf isols) .  
With few exceptions, root growth normally i s  not res t r ic ted  as  much 
as  i n  the U l t i so l  s o i l s  fur ther  south. Thus, there has not been 
concentrated research on plant  response to  s o i l  compaction i n  the 
Northern Corn Belt. This is also due i n  pa r t  t o  lack of techniques 
and knowledge t o  delineate plant  responses t o  various aspects of 
s o i l  and climatic environments. This lack of i n t e r e s t  has been 
fur ther  accentuated by the presumed ameliorative e f f ec t s  of 
annual freezing and thawing, which may extend 120 cm deep i n  the 
northern portion of the Corn Belt. However, i n  one study i n  which 



the  s o i l  i n  the  bottom of the  plow furrow was a r t i f i c i a l l y  compacted, 
9 years of cropping and subsequent winter freezing did not destroy the  
compacted layer  - 11. 

The current trend i n  the  United States  toward larger  and heavier farm 
machinery, with 4-wheel dr ive  t r ac to r s  weighing more than 13,500 kg 
(Voorhees, 1975b), has renewed research i n t e r e s t s  on wheel-induced 
s o i l  compaction i n  the  Corn Belt. The following discussion w i l l  re- 
view on-going research on s o i l  compaction and i ts  observed and poten- 
t i a l  e f f ec t s  on plant  growth i n  the  northern Corn Belt of the  United 
States.  A l l  reference t o  wheel t r a f f i c  i s  from standard farm-sized 
t r ac to r s  performing an average of f i v e  separate operations per growing 
season, with each wheel pass exert ing a pressure on the  s o i l  surface 
of about 6 kg per cm2. 

SOIL TEMPERATURE 

Heat capacity and thermal conductivity expressed on a volume bas i s  
increase as compaction increases (van Duin, 1956). But the  s o i l  tem- 
perature a t  a given time i s  a l so  a function of the  s o i l  water content, 
which is mediated by compaction e f fec t s  on i n f i l t r a t i o n ,  r ed i s t r i -  
bution, and evaporation of water. Thus, s o i l  temperature may e i t he r  
decrease or  increase a s  a r e s u l t  of wheel t r a f f i c .  I n  1975, t he  5-cm 
depth s o i l  temperature of a wheel-tracked Forman clay loam (Udic 
Argiboroll) a t  Morris, Minnesota t ha t  was f a l l  plowed and planted t o  
corn (Zea mays) was a s  much a s  3'C cooler than t he  nontracked s o i l  
throughout t he  growing season. A t  Lamberton, Minnesota, the  maximum 
s o i l  temperatures i n  wheel-tracked and nontracked s o i l s  were essen- 
t i a l l y  the  same i n  a Nicol le t  s i l t y  clay loam (Aquic Hapludoll). 
However, continuous 24-hour temperature measurements a t  Lamberton re- 
vealed differences in duration of a given s o i l  temperature; the  wheel- 
tracked s o i l  accumulated 4 t o  10% more degree hours favorable f o r  
germination and ear ly  seedling growth than did the  nontracked so i l .  
While t h i s  may seem ins ign i f ican t ,  a small change in s o i l  temperature 
i n  the  Northern United States  where s o i l  temperatures a t  planting time 
average about 18'C can great ly  change ear ly  corn growth (Allmaras e t  
a l . ,  1964) and root  growth pat terns  (Allmaras and Nelson, 1973). This 
i l l u s t r a t e s  a po ten t ia l  e f f ec t  of wheel t r a f f i c  i n  cooler climates 
t h a t  is generally not considered agronomically important i n  the  
Southern United States.  

SOIL WATER USE 

Along with low early-season temperatures, water deficiency i n  t he  
l a t t e r  half  of the  growing season of ten limits corn and soybean 
(Glycine E )  yields  i n  the  Northern Corn Belt of the  United States .  
During t h i s  period, evapotranspiration from corn and soybeans commonly 
exceeds r a i n f a l l  by 1 3  and 6 cm, respectively @ol t  and Van Doren, 
1961, and Timmons et a l . ,  1967). Thus a small change i n  water storage 
or  water use caused by wheel t r a f f i c  can be  important. Water-use 
eff ic iency,  defined as crop y ie ld  per un i t  of water loss ,  can be cal- 
culated from data  shown i n  Table l. Wheel t r a f f i c  increased the  water- 
use eff ic iency 16% f o r  corn, decreased it 35% f o r  wheat, (Triticum 
vulgare) and had essen t ia l ly  no e f f ec t  f o r  soybeans. These examples 

l/Blake, G. R., W. W. Nelson, and R. R. Allmaras. Persistence of sub- - 
s o i l  compaction i n  a Mollisol i n  southwestern Minnesota. Unpublish- 
ed manuscript. 



may or may not represent long-term averages, but they do show tha t  
Plant response t o  wheel t r a f f i c  can d i f f e r  f o r  various combinations 
of crop species, cl imatic conditions, and s o i l  type. 

Table 1. Crop y ie ld  and water loss  for  various crops as  
affected by wheel t r a f f i c .  

No wheel t r a f f i c  Wheel t r a f f i c  
Crop Yield, Water loss,* Yield, Water loss,* 

Corn, Lamberton, 1974 5,209 18.3 5,561 16.9 
Soybeans, Morris, 1975 2,014 36.7 2,179 38.9 
Wheat, Morris, 1975 3,746 30.0 2,690 33.1 

XTotal of evaporation and t ranspirat ion,  assuming no runoff. 

Another complicating e f f ec t  of wheel t r a f f i c  i n  determining water 
use by plants is tha t  wheel-traffic-induced s o i l  compaction may also 
cause l a t e r a l  movement of water (Figures 1 and 2 ) .  The tensiometric 
s o i l  water suction values a r e  the measured l a t e r a l  differences a t  
various depths between two adjacent s o i l  p rof i les  76 cm apart ,  one 
wheel tracked, and the other having no wheel t r a f f i c .  A row of corn 
was centered between the two prof i les  of Figure 1, and a row of 
soybeans was between the two prof i les  of Figure 2. A posi t ive  suction 
gradient indicates a po ten t ia l  gradient for  l a t e r a l  water movement 
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Figure 1. Lateral  s o i l  water potent ia l  gradients between wheel- 
tracked and nontrackedprof i les  of a Nicollet clay loam under 
corn. 
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Figure 2. Lateral  s o i l  water potent ia l  gradients between wheel- 
tracked and nontracked prof i les  of a Nicollet clay loam under 
soybeans. 
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from the wheel-tracked s ide  of the row t o  the nontracked s ide  of the 
row; negative values indicate  a gradient towards t he  wheel-tracked 
side. For corn (Figure l ) ,  there were no l a t e r a l  gradients i n  e i t he r  
direction a t  any of the observed depths before June 30. After June 
30, there  was a small gradient toward the nontracked s ide  of the row 
a t  the 15-cm depth, and a la rge  gradient i n  the same direct ion a t  the 
45-cm depth. A l a t e r a l  gradient i n  the  same direct ion began a t  the 
90-cm depth about July 15, followed by a similar gradient a t  the 
150-cm depth about 10 days l a t e r .  This depth progression of a l a te r -  
a l  gradient with time probably coincides with the advancement of the 
root system and suggests a f a s t e r  depth-wise root growth r a t e  on the 
nontracked s ide  of the row, or  a more ac t ive  root system i n  terms of 
water uptake. The s o i l  bulk density a t  the 15-cm depth was 1.29 
g/cm3 and 1.62 g/cm3 for  the  nontracked and wheel-tracked sides,  
respectively. A t  deeper depths, bulk density was essent ia l ly  the 
same f o r  the two sides and increased from 1.54 g/cm3 a t  the 45-cm 
depth t o  1.83 g/cm3 a t  the 150-cm depth. 

The sequence of l a t e r a l  gradients with depth and time was s imilar  i n  
the soybean row (Figure 2), except the gradients were smaller and 
even reversed direct ion a t  the 90-cm depth. This reversal  i n  direc- 
t ion may have occurred a t  other depths a l so  (and also fo r  corn i n  
Figure l), but measurements were l imited by the a i r  entry values of 
the tensiometers, about 800 mil l ibars  (mb). Unlike corn, the mea- 
surements for  soybeans did not indicate  any d i f f e r en t i a l  water uptake 
or  movement a t  the 150-an depth because of the  shallower root system 
of soybeans. 
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These examples of plant response a r e  not eas i ly  explained, and 
i l l u s t r a t e  the  complexity of the interact ion between plant  species 
and environment i n  determining the e f fec t s  of wheel t r a f f i c  on plant 
response. This agrees i n  pa r t  with ~zkansson 's  observations i n  a 
s imilar  climate i n  Sweden (Hgkansson, 1966). 

ROOT GROWTH 

The increase i n  s o i l  bulk density a t  the  15-cm depth as a r e su l t  of 
wheel t r a f f i c  increased the s o i l  strength character is t ics  enough t o  
greatly reduce corn root growth t o  a depth of 25 cm under the  wheel 
track. About 60% of t h i s  surface 25-cm s o i l  layer contained no roots.  
With no wheel t r a f f i c ,  t h i s  same s o i l  volume had a root length 
density of about 1.9 cm/cm3. While t h i s  root growth r e s t r i c t i o n  may 
not normally subject the plant t o  severe water s t r e s s  as occurs with 
s imilar  root growth r e s t r i c t i ons  i n  the Southern United States ,  it 
does have significance. In  the Northern Corn Belt ,  f e r t i l i z e r  is 
commonly broadcast on the s o i l  surface and then incorporated through- 
out the  surface 20- t o  25-cm layer of s o i l  by t i l l age .  But with 
immobile ions l i k e  phosphorus and potassium, wheel t r a f f i c  may 
prevent suf f ic ien t  root growth t o  completely u t i l i z e  the applied 
f e r t i l i z e r ,  and yields  may be reduced. I f  the portion of the root 
system unaffected by wheel t r a f f i c  can supply the plants '  t o t a l  P and 
K requirements, then 60% of the f e r t i l i z e r  applied is not needed. 

The density of individual 3-cm-diameter clods from the surface 25-cm 
layer of a Nicollet  s i l t y  clay loam that  had been wheel tracked during 
three successive growing seasons was 1.70 g/cm3 compared t o  a density 
of 1.43 g/cm3 i n  an adjacent untracked area. Within t h i s  range of 
density, root growth and phosphorus uptake from individual aggregates 
can be s ignif icant ly  affected (Voorhees e t  a l . ,  1971). 

So i l  compacted by excessive wheel t r a f f i c  can r e s t r i c t  sugarbeet 
(Beta vulgaris)  rooting depth and cause deformed storage roots  
(Voorhees, 1975a). Potato (Solanum tuberosum) yields were decreased 
from 25,550 t o  16,800 kg per hectare by the wheel t r a f f i c  on a clay 
loam a t  Morris, Minnesota 2/. 

SUMMARY 

Plant response t o  s o i l  compaction from wheel t r a f f i c  under normal 
f i e l d  conditions depends on a number of interact ing factors.  I n  the 
r e l a t i ve ly  cool spring, dry growing season climate of the  Northern 
Corn Belt  of the  United States ,  plant response may be parabolic, such 
a s  was reported by Hkansson (1966). Compaction can increase or  
decrease the s o i l  temperature, an important fac tor  i n  ear ly  corn 
growth. Compaction can both increase and decrease water-use e f f i -  
ciency. Root growth may often be res t r ic ted ,  resul t ing i n  i ne f f i -  
c ient  use of immobile f e r t i l i z e r  ions. Controlled t r a f f i c ,  whereby 
a l l  wheel t r a f f i c  is r e s t r i c t ed  t o  cer ta in  areas of a f i e l d ,  may be a 
prac t ica l  way of managing s o i l  compaction to  the plant 's  benef i t  under 
re la t ive ly  cool dry growing conditions. Research i s  continuing t o  
fu l ly  assess the e f fec t s  of wheel t r a f f i c  on plant response i n  the 
northern la t i tudes .  

2/Voorhees, W. B. Effects of wheel t r a f f i c  on s o i l  compaction and - 
plant growth f o r  Forman clay loam. Unpublished 1975 Location 
Annual Report, NCSCRC, Morris, Minnesota. 
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The s p e c i f i c i t y  of second crop growing and t h e i r  

place i n  crop ro ta t ions  under supplemental irri- 
gation conditions permits succesful l  u t i l i z a t i o n  

of extended e f f e c t  of deep t i l l a g e  car r ied  out 

under winter wheat. 

Eence on the s o i l s  of favourable physical pro- 

p e r t i e s  the  t i l l a g e  f o r  second crops has been 

reduced t o  a grea t  extent  thus reducing it r;o 

only seed bed preparation by discing.Zero t i l l a -  

ge resu l ted  i n  somewhat lower y ie lds  even on 

chernozem of excellent  physical proper t ies  with 

i r r i g a t i o n  applied. 

I N T R O D U C T I O N  

So i l  i s  more intensively u t i l i z e d  by second 

crop growing under i r r i g z t i o n  conditions which re ,u i -  

r e s  more frequent t i l l a g e  compared t o  production witho- 

u t  irrigation.iJnder conditions l i k e  t h a t  the  t i l l a g e  

system has been sonewhat changed depending on the  ir- 
r iga t ioo  method and priinarely the t i l l a g e  i n  second 

crops.The - spec i f i c i ty  of the  secc?nd crops i s  t h a t  they 

have been grown i n  one year on the same f i e l d  a f t e r  

wipter wheat o r  ba r lp  as  main crop.?resmably the  se- 

cond crop w i l l  not  require  the same way of s o i l  pre- 
parat ion a s  the  nain crop.Eowever,it primarely de- 

pends on tine physical  propert ies  of the  s o i l  and irri- 
gation method of toe  naia cro;.The b e t t e r  the  physi- 
ca l  conditions of the  s o i l  a f t e r  the  main crop are  and 

the  compaction l e s s  the  grea ter  changes could be ex- 
pected in t i l l a g e  and s o i l  preparation f o r  second 

crop. 



Investigations were performed on carbonate 

chernozem of loess terrace i.e.on soil of convenient me- 

chzriical com~osition (loam) of crumby structure,stabile 
structural aggregates and of very suitable water-air re- 

gime defined as "regime of a self-regulating characterr' 

(VuEi6,1964.). 
Zaving ia view such very favourable 2hy- 

sical properties of chernozem and only slight changes 

dirring the growing period under wheat (VuEiC,Dobrenov, 
1967) we sup2osed that the second crop - silage maize - 
could be succesfully grom under irrigation with shallo- 
wer tillage.& the basis in experiments a tillage to 25 
cm had been taken and it is suggested for maize on cher- 

nozem in regular plating (Drezgi6,Markovi6,1964) with 
three variants of shallower til1age:to 10,15 and 20 cm. 

The results obtained in the first expe- 

rimental years indicated to the possibility of further 

tillage reduce hence beside minimum tillage - with dis- 
cing,the experiment had been extended by sowing without 
tillage ("zero tillage"). 

k high uniformity was found in three-year 
yield average of fresh matter of Che first experiment 
in all variants (Table l),hence starting from the con- 

'Tab.1-Silo naize yield of second crop depending 

of the depth of ploughing (three years average) 

Depth of ploughing,cm Fresh matter,mc/ha 

ditions under which maize as second crop has been grown 



\ 

something similar had to be expected from the second 
experiment too - with reduced tillzge to the direct 
sowing on stubble field.This assumption was confirmed 
to a certain extent (Table 2) and no significant diffe- 
rences were found in the fresh matter yield between the 

Tab.2- Silo maize yield with "ninim&u1' and "zero" 
tillage (mc/ha) 

Depth of ploughing l.year ;!.year 3. year Average 
cm 

"Zero" tillage 428,6 473,8 365,8 4.10~7 
Discing 8-10 cn 496,3 4 4 0 3 3  3%,9 431 , 2 

15 49498 496,l 341,5 4 4 4 9 1  
LSC o,oB = 60,6 mc/ha 

variants on a~ averzge,though there were some differen- 
ces between years. 

The maize as second crop comes after winter 
wheat which as a crop of density stand protects soil 
from compaction of ploughing layer (TuEiC,JociC,l967) 
and protects the soil structure.Besides that tillage 
of 30-35 cm has been used for wheat.After sprinkling, 
once or twice during vegetation,only slight increase 
of soil volume weight was fomd (for 0,09) and only in 
top 5-5 cm.Therefore the physical condition of the soil 
was very suitable in all variants (Table 3). 

Tab.3-.Volume weight (a),total porosity (b) and 
. aeration porosity (c) of soil after sowing of 

second crop 



desides  t h a t  the  maize a s  s e c o ~ d  crop has been grown only 

with i rr ig: ; t ion consequently r;he s o i l  1a:~er f r o m  10-50 
c s  i s  n o i s t  throughout th'e vege ta t ion  and t h e r e  was no 

p h p - c a l  i n t e r f e r ence  i n  roo t  system developmeat i n  a l l  

ex?erimental va r i an t s .  

7b.e r e s u l t s  i n  t h e  Table 2 r e f e r  t o  t h e  

production wi th  cu l t i va t ed  crop hence t h e  ques t ion i s  
whether c a l t i v a t i o n  couid be  replaced by herb ic ides  o r  

l e f t  out  coap le te ly  havin; i n  view t h e  condi t ions  under 

d isscuss ion.  

The f u r t h e r  i nves t i ga t i ons  showed t h a t  

t h e  ap2 l ica t ion  of he rb ic ides  could replace  c u l t i v a t i o n ,  

however,guite lo-# ,:jields were obtained without weed 

con t ro l  (Table 4).Tbe negst ive  e f f e c t  of weeds on t h e  

Tab.4- Z f f ec t  of c i l l t iva t ion  and herb ic ide  

use  on t h e  s i l o  maize y i e l d  ( E e l - r a t i o )  

maize p l m t  growing i s  i n  ques t i on ,p l az t s  were weak w i t -  
bout he rb ic ide  use m a  f o r  about 5o/J l i z h t e r  i n  ueFg2t. 

?;ention nus'c be m a d  t h a t  t h e  number of 
2  weed l m t s  2er m was no t  i n  a c c o r d a c e  wi th  t h e  above 

statement  (Table 5) .  

Cepth of Cul t iva ted  
p l  oughing , c:2 

Tab.5- Wumber of weed plFts/a2 z t  harwest t ime 

Legth of 210- 
Gult ivzted ugh i iz ,  c z  Non c u l t i v a t e d  

30 t i l l a g e  36 .; 1 60,G 1 877; 

Non c u l t i v a t e &  

, T  :!o t i l l a g e  4 , R  2?,3 
i j isclqg 5 , .:. 58,6 

1.5 2,5 j 317,a 

without he rb ic ide  w i t h  herbic.  



However,in sowing without cultivation the 
soil surface is already under weed stand and their effect 
on the maize shoots is greater combined with tillage ana 
discing where weed plats grow later and are smaller in 
growth considerably. 

At the end it should be added that the cie- 
nicsl composition of the plaxts was similar in all ex- 
perimental combinations,however, the combination without 
cultivation and partly with discing,has about l,?o dry ma- 
tter less which reflected on the total nutritive value 
of second crop silo maize. 

de came to the conclusion that it is defi- 
nitely necessary to >repare the seed bed by shallowest 
tillage or ciiscing for growing silo maize as a second 
crop on the chernozetc under the climatic conditions of 
Vojvoclina (Yugoslavia).The production can be made chea- 
per and simpler bg herbicide use and without cultivation. 

The ~roduction without tillage offers lo- 
wer yields of fresh matter and nutritive (oat feed) 
units,but it is probable that the economy of production 
could make some corrections. 
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Abst rac t  

The need f o r  improved c u l t i v a t i o n  of t h e  subso i l  has a r i s e n  
because of compaction a s soc ia t ed  with increased  t r a f f i c  on s o i l s  
and because e x i s t i n g  s u b s o i l e r s  achieve only a l imi t ed  s o i l  
loosening e f f e c t .  Fixed t i n e  subso i l e r s  have a high power 
requirement and s h o r t  opera t ing  season. Design combinations 
f o r  comprehensive loosening of t h e  p r o f i l e  and r e t a i n i n g  t h e  t o p  
s o i l  and subso i l  i n  sepa ra te  l a y e r s  a r e  considered. The Wye 
double digger  uses  a mouldboard t o  expose t h e  subso i l  and a power 
driven r o t a r y  t i l l e r  i n  t h e  furrow bottom. Power requirement i s  
approximately 180 kWhha compared with t h e  186-429 kWhha f o r  
f ixed  t i n e  subsoi l ing .  



In t roduct ion  

The adverse e f f e c t s  of modern mechanised crop production have been 
h ighl ighted  i n  t h e  United Kingdom by t h e  Agr icu l tu ra l  Advisory Council 
(1970) and Soane (1970). I n  thn Netherlands, Ouwerkerk (1969) has  
found l a r g e r  pore space values on s o i l s  not c u l t i v a t e d  by t r a c t o r s  
compared with s i m i l a r  s o i l s  on mechanised farms. Deleter ious e f f e c t s  
of compaction have been repor ted  on roo t  growth of crops such a s  de- 
creased r a t e s  of elongation and inc reases  i n  roo t  diameter,  (Eavis and 
Payne, 1968; Gooderham and Fisher ,  1972) and t o  some extent  on y i e l d  
(Fisher  e t  a 1  1975). On t h e  o ther  hand y i e l d  inc reases  a t t r i b u t a b l e  
t o  subsoi l ing  have been va r i ab le .  Both Russe l l  (1956) and Hull  and 
Webb (1967) have shown small but  cons i s t en t  inc reases  i n  y i e l d  from 
subsoi l ing .  Improvements i n  t h e  q u a l i t y  of r o o t s  such a s  sugarbeet 
have been more e a s i l y  demonstrated (Czera tzki ,  1965). These small  
responses may i n  p a r t  be due t o  t h e  l i m i t a t i o n s  of e x i s t i n g  subso i l ing  
machines where f i s s u r i n g  and s h a t t e r i n g  of t h e  subso i l  w i l l  only be 
poss ib le  i f  t h e  subso i l  i s d r y .  I t  seems probable t h a t  these  dry 
subso i l  condi t ions  seldom occur i n  t h e  United Kingdom and then f o r  only 
a few days i n  the  year .  

Another disadvantage of e x i s t i n g  t ined  subso i l e r s  a r e  t h e  high 
t r a c t i v e  power requirement n e c e s s i t a t i n g  a crawler  o r  fou r  wheel d r i v e  
type t r a c t o r  and a l s o  preferably  a dry opera t ing  surface .  This f u r t h e r  
r e s t r i c t s  t h e  time when t h e  operat ion can be successfu l ly  c a r r i e d  out .  
To reduce power requirements,  a t tempts have been made t o  o s c i l l a t e  t h e  
subso i l ing  t i n e  which, although i t  may reduce draught requirement by 
35% (Hendrick and Buchele, 1963) r equ i re s  e x t r a  energy t o  produce t h e  
o s c i l l a t i o n s  with the  n e t  r e s u l t  of a higher  o v e r a l l  power requirement. 
Other i d e a s  t o  reduce draught requirement inc lude  t h e  s l a n t  subso i l e r  
(Ede 1974), where f i s s u r i n g  i s  improved by bending t h e  mass of s o i l  a s  
i t  flows over t h e  blade r a t h e r  than a shear ing  a c t i o n  of t h e  subso i l e r  
blade, o r  mole plough. Also Spoor (1975) has  described t h e  advantage 
of p lac ing  wings on the  bottom of the  subso i l ing  t i n e ,  o r  shallow 
c u l t i v a t i o n  ahead of t h e  subso i l e r  t o  inc rease  the  t o t a l  d is turbed a rea  
and g ive  b e t t e r  rearrangement and r o t a t i o n .  This w i l l  however depend 
on dry subso i l  condi t ions  and on t h e  condit ion of t h e  su r face  layer .  
Despite these  developments it i s  considered t h a t  t h e  mechanical coinpre- 
hensive loosening of subso i l  has seldom been achieved. However, t h e  
e f f e c t s  of thorough subso i l  loosening by hand digging has  been i n v e s t i -  
gated (Gooderham, 1976) and t h e  Wye double digging machine has  been 
developed t o  reproduce t h e  same e f f e c t s .  

, , 

Desigr. 

From t h i s  experimental work conducted a t  Wye College, i t  was con- 
cluded t h a t  the  two main machine requirements were ( i )  t o  break up the  
subso i l  very thoroughly and ( i i )  r e t a i n  t h e  t o p s o i l  and subso i l  i n  
sepa rz te  layers .  To achieve t h i s ,  var ious  design combinations were 
considered, (Fig.  1 ) .  These were: 

( i )  double depth mouldboard plough: Double depth mouldboard 
ploughs have been used i n  Aus t ra l i a  and Russia.  Zabashtsnskii  (1973) 
r e f e r s  t o  deep ploughing Chernozem s o i l s  i n  Russia us ing  ploughs 
capable of 2 and 3 l aye r  ploughing simultaneously down t o  40 and 60cm 
depth respect ive ly .  However, t h e  draught requirement i s  high and 
t r a c t i o n  a problem a t  low speeds. Doubt a l s o  m z s t  remain a s  t o  t h e  
amount of s o i l  breakdown with a moist subso i l .  

( i i )  mouldboard p lus  t ines :  This type of subso i l ing  i s  p rac t i sed  
on t h e  heavy c l ays  i n  t h e  Eastern Counties of England t o  a l l e v i a t e  
plough pans but h i s  a high draught requirement. The ex ten t  of t h e  
loosening e f f e c t  would be expected t o  be  c r i t i c a l l y  dependent on s o i l  
condi t ions .  Although i t  i s  poss ib le  t h a t  a s l a n t  t i n e  subso i l e r  could 
inc rease  t h e  amount of f i s s u r i n g ,  t h e  power requireiient would s t i l l  be 
high.  



( i i i )  r o t a r y  c u l t i v a t o r  p l u s  t i n e s :  This form of subso i l ing  i s  
commercially developed a s  an "under-buster" f o r  a r o t a r y  c u l t i v a t o r .  
Although r o t a r y  t i l l a g e  of t h e  t o p s o i l  reduces the  draught requi re-  
ment, t h e  loosening e f f e c t  of t h e  t i n e s  would again depend on subso i l  
moisture condit ions.  

( i v )  twin r o t o r  t i l ler:  By mounting one r o t o r  f o r  t h e  t o p s o i l  
and one f o r  t h e  subso i l  i t  would be poss ib le  t o  produce a con t ro l l ed  
comprehensive loosening through t h e  p r o f i l e .  I n  order  t o  expose t h e  
subso i l ,  t h e  top  r o t o r  may need t o  be dr iven  i n  reverse  which would 
inc rease  t h e  draught requirement. Despite t h e  high o v e r a l l  power 
requirement, c u l t i v a t i n g ,  subso i l ing  and p lan t ing  would be poss ib le  i n  
one pass. Furthermore, un l ike  t h e  v e r t i c a l  r o t a t i n g  t i l l a g e  t o o l s  
such a s  t h e  Fowler g y r o t i l l e r ,  s o i l  mixing would be kept  t o  a minimum. 

( v )  mouldboard p lus  ro to r :  This combination uses  t h e  mould- 
board 's  displacement c a p a b i l i t y  a s  a means of sepa ra t ing  t h e  t o p s o i l  
and exposing t h e  subso i l  t o  enable sepa ra te  c u l t i v a t i o n  of i t  i n  s i t u .  
By applying r o t a r y  t i l l a g e  t o  t h e  subso i l  only, a reduct ion  i n  t h e  
draught requirement w i l l  be poss ib le  and t h e  t o t a l  power requirement 
of t h e  machine w i l l  then be wi th in  t h e  c a p a b i l i t i e s  of a medium horse-  
power 37-56 kW wheeled t r a c t o r .  Furthermore, r o t a r y  t i l l a g e  would 
enable loosening of t h e  subso i l  t o  be c a r r i e d  out  under moist  con- 
d i  t i o n s  . 
Wye Double Digger 

The f i r s t  vers ion  of t h e  double digging machine i s  based on a 
s i n g l e  furrow deep digger  plough where t h e  beam was lengthened t o  
accommodate t h e  subso i l ing  r o t o r .  This runs  i n  t h e  furrow bottom 
exposed on t h e  previous pass with t h e  plough body tu rn ing  t h e  t o p s o i l  
onto r o t a r y  t i l l e d  s u b s o i l  ( P l a t e  1 ) .  The subso i l ing  r o t o r  i s  driven 
from a bevel reduct ion  gearbox slung underneath the  plough frame. This 
gearbox when f i t t e d  with interchangeable spur gea r s  g ives  a choice of 
r o t o r  speeds from 120-240 r.p.m. a t  540 r.p.m. engine power take-off 
speed. The r o t o r  has  t h r e e  f langes ,  supports  t h r e e  pick t i n e s  per  
f lange ,  and i s  r o l l e r  chain dr iven  a t  one end. The l i n e a r  depth i s  
f i x e d  a t  22 cm. below plough depth although i t  is poss ib le  t o  vary t h i s  
depth by slackening o f f  t h e  support ing frame and r o t a t i n g  t h e  gearbox 
extension tube  t o  a f r e s h  pos i t ion .  Pick t i n e s  have been used because 
of t h e i r  r e l a t i v e l y  small  c u t t i n g  su r face  t o  s o i l  moved which minimises 
power consumption and r i s k  of blockage under moist condit ions.  

Power requirement 

Prel iminary performance tests have been encouraging. A 34 kW 
t r a c t o r  equipped with instrumentat ion f o r  continuous monitoring of 
engine speed and torque (Wilkes, 1972) was used t o  c o l l e c t  da ta  when 
c u l t i v a t i n g  a si l t  loam. So t h a t  power requirement could be de- 
termined t h e  e f f e c t  of forward speed was examined a t  r o t o r  speeds of 
128, 161, 224 r.p.m. A summary of t h e  r e s u l t s  a r e  shown i n  Table 1 
f o r  two forward speeds only. 

Table 1. Ef fec t  of forward speed and r o t o r  speed on power requirement 

Forward speed k m h  
(m.p.h.) 

1.85 (1.15) 

Tractor  engine load kW(hp) 
Rotor speeds 

128 161 224 

17.5(23.3) 19.9(26.5) 22.1(29.4) 



I t  was not poss ib le  with t h e  t r a c t o r  a v a i l a b l e  t o  opera te  a t  higher  
forward speeds a t  e i t h e r  t h e  lowest (128) o r  h ighes t  (224) r o t o r  speed. 
In t h e  f i r s t  case  b i t e  length  caused t h e  machine t o  r i d e  out  of work 
and a t  t h e  h ighes t  r o t o r  speed the  t r a c t o r  had i n s u f f i c i e n t  power. 

I t  i s  c l e a r  from Table 1 t h a t  approximately 20 kW a r e  requi red  f o r  
working 45 cm deep and 45 cm wide a t  2.34 km/h with t h e  double digging 
machine. 'This g ives  a spot  working r a t e  of 0.11 ha/h o r  180 kWh/ha. 
I n  c o n t r a s t ,  depending on s o i l  type and moisture content  a s i n g l e  sub- 
s o i l i n g  t i n e  can have a draught ranging from 1816 t o  2724 kg. On t h i s  
bas i s ,  opera t ing  a t i n e  subso i l e r  a t  3 km/h requ i re s  between 26 and 60 
kW f o r  working a t  t h e  same depth. To g ive  a comparable p r o f i l e  d is turb-  
ance t o  double digging, t i n e s  would need t o  be spaced a t  no more than 
45 cm. This g ives  a r a t e  of work of 0.14 ha/h,  and a power require-  
ment of between 186-429 kVIh/ha. One reason f o r  t h e  higher  power re- 
quirement i s  because only about 60% of engine power is a v a i l a b l e  f o r  
draught.  I n  f u t u r e  development work with t h e  double d igger ,  t h e  power 
requi red  f o r  draught and f o r  t h e  r o t o r  on a wider range of s o i l  types 
w i l l  be i temised.  

S o i l  c u l t i v a t i o n  and crop y i e l d  

The e f f e c t  of double digging on mechanical r e s i s t a n c e  of s i l t  loam, 
measured with a cone (diameter 2.0 cm) penetrometer i s  seen i n  Fig. 2. 
Mechanical r e s i s t a n c e  was halved, and t h e r e  were only small  d i f f e rences  
between t h e  various r o t o r  speed/forward speed combinations. 

Tne e f f e c t  on sugarbeet  y i e l d  of t h r e e  con t re s t ing  s u b s o i l  loosen- 
i n g  techniques have been inves t iga ted  on a si l t  loam (Table 2) .  I n  
both 1974 and 1975, f r e s h  weight y i e l d  was increased  by about 13% when 
comparing double digging with v ib ra t ing  and f i x e d  t ined  subso i l ing  
treatments .  The t ined  subso i l ing  treatments  reduced f r e s h  weights by 
about 3% when compared with t h e  con t ro l .  

Table 2. E f fec t  of subso i l  loosening on sugarbeet  y i e l d s  1974-75 

Plough Double 'Jibrating Fixed t i n e  LSD 
(con t ro l )  digger  subso i l e r  subso i l e r  (?=0.05) 

Depth of working 1974) 22 
32 ; 45 ) 45 - 

(cm) 1975) 38 j 

Spacing of t i n e s  - - 27.5 27.5 - 
(cm) 

Yield of f r e s h )  1974 38.3 41.3 37.6 36.6 5 .5  
r o o t s  ( t h a )  1975 26.2 29.2 25.1 25.9 4.0 

Although data  i s  not presented here ,  i nc reases  i n  water holciing 
capaci ty ,  a i r  poros i ty  and reductions i n  mechanical r e s i s t a n c e  of sub- 
s o i l  associa ted  with mechanised double digging were found. This con- 
f i rms  r e s u l t s  previously obtained by hand-digging (Gooderham, 0 p . c i t ) .  
S imi lar  e f f e c t s  associatec: with the  t ined  subso i l ing  treatments  were 
smaller .  

E f f e c t s  on subso i l  physical  condi t ions  of loosening by hand-digging 
have been de tec ted  up t o  four  years  a f t e r  app l i ca t ion  of t reatment  
(Gooderham and Wilkins, unpublished da ta ) .  I t  seems probable the re fo re  
t h a t  sub-soi l ing does not need t o  be c a r r i e d  out  annually. Double 
digging o f f e r s  a technique f o r  loosening compact s u b s o i l  p r i o r  t o  t h e  
in t roduc t ion  of d i r e c t  d r i l l i n g  and may even extend the  range of 
s u i t a b l e  s o i l s .  A f u r t h e r  p o s s i b i l i t y ,  r equ i r ing  inves t iga t ion ,  i s  
t h e  add i t ion  and mixing of f e r t i l i z e r s  and s o i l  condi t ioners  t o  subsoi l .  



References 

Agr icu l tu ra l  Advisory Council (1970) "Modern Farming and t h e  Soil".  
London: Ministry of Agr icul ture ,  F i she r i e s  and Food. 

Czeratzki ,  W. (1965) "Charac ter i sa t ion  of t i l lage- induced s o i l  
p rope r t i e s  f o r  p l a n t  growth" i n  I n t .  Conf. on Charac ter i sa t ion  
h-oblems i n  S o i l  T i l l age ,  Norway. 

Eavis,  B.W. and Payne, D. (1968) "Soil  physical  condi t ions  and roo t  
growth". I n  "Root Growth" (ed. W.J. Whittingham) pp. 315-338, 
London: Butterworths. 

Ede, A.N. (1974) "The use of machinery i n  subso i l ing  and moling," 
i n  paper t o  Spring Conference o'f S o i l  and Water Management 
Associat ion,  S o l i h u l l ,  England. 

Fisher ,  N.M., Gooderham, P.T. and Ingram, J. (1975) "The e f f e c t  on t h e  
y i e l d s  of bar ley  and k a l e  of s o i l  condi t ions  induced by c u l t i -  
va t ion  a t  high moisture content". J. a g r i c .  S c i . ,  85, 385-393. 

Gooderham, P.T. and Fisher ,  N.M. (1972) "Experiments t o  determine t h e  
e f f e c t  of induced s o i l  compaction on s o i l  physical  condit ions,  
seedl ing  roo t  growth and crop yield", i n W S o i l  physical  con- 
d i t i o n s  and crop production", M.A.F.F. Tech. Bull.  29. 

Gooderham, P.T. (1976) "The e f f e c t  on s o i l  condit ions of mechanised 
c u l t i v a t i o n  a t  high moisture content  and of loosening by hand 
digging". J. a g r i c .  Sc i .  ( i n  t h e  p res s ) .  

Hendrick, J . G .  and Buchele, W.F. (1963) " E l l a g e  energy of a v i b r a t i n g  
t i l l a g e  tool". Trans. A.S.A.E. 6, 3, 213-16. 

Hull ,  R .  and Webb, D.J.  (1967) "The e f f e c t  of subso i l ing  and d i f f e r e n t  
l e v e l s  of manuring on y i e l d s  of c e r e a l s ,  lucerne  and sugar beet". 
J. a g r i c .  Sci .  69, 183-7. 

Ouwerkerk, C. van (1969) "Farm mechanisation and s o i l  s t ruc ture" .  
Neth.Agric. Sc i . ,  17, 20-6. 

Russel l ,  E.W. (1956) "The e f f e c t s  of very deep ploughing and subso i l ing  
on crop yield". J. agr i c .  Sc i .  48, 129-44. 

Soane, B.D. (1970) "The e f f e c t s  of t r a f f i c  and implements on s o i l  
compaction". J. and Proc. Ins tn .  Agric. Engrs. 25, 3,  115-125. 

Spoor, G. (1975) "Shatter  matters".  Power Farming 54, 9, 14-15. 

Wilkes, J . M .  (1972) "The determinat ion of t h e  r e l a t i o n s h i p  between f u e l  
consumption and t r a c t o r  power output  under varying load condi t ions  
a s  i n  normal f i e l d  operation." M.Phil. Thesis,  Universi ty of 
London. 

Zabashtanskii,  S. ( 1973) "Deepening the  Plough Layer of Chernozems" 
Zemledelie (10) 30-32. 





F i l  Des ign  c o m b i n a t i o n s  for double digging. 
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The 7 t h  Confe rence  of  t h e  I n t e r n a t i o n a l  T i l l a g e  R e s e a r c h  ' 
O r g a n i z a t i o n ,  Sweden, 1976 .  

T i l l a g e  a s  a  weed c o n t r o l  measure  i n  t h e  t r o p i c s .  

J.D.A. Wevers and H .  K u i p e r s ,  S o i l  T i l l g a g e  L a b o r a t o r y ,  
A g r i c u l t u r a l  U n i v e r s i t y ,  Wageningen, The N e t h e r l a n d s .  

ABSTRACT 
Chemical  weed c o n t r o l  i n  t h e  t r o p i c s  i s  r e s t r i c t e d  

b e c a u s e  o f  h i g h  c o s t s ,  e n v i r o n m e n t a l  consequences  and l a c k  
of e d u c a t i o n  of most o f  t h e  f a r m e r s .  P r o p e r  t i l l a g e  
o p e r a t i o n s  can  r e d u c e  weed problems enormous ly :  mouldboard 
p l o u g h i n g  w i l l  a t  a l l  l e v e l s  o f  m e c h a n i z a t i o n  s u r p r e s s  t h e  
p o t e n t i a l  a n n u a l  weed problem and c a r r y i n g  o u t  t h e  d e e p e s t  
t i l l a g e  o p e r a t i o n  i n  t h e  y e r y  b e g i n n i n g  of  t h e  d r y  s e a s o n ,  
when s o i l  m o i s t u r e  c o n t e n t  i s  s t i l l  r a t h e r  h i g h ,  f o l l o w e d  
by r e p e a t e d  o p e r a t i o n s  w i l l  r e s u l t  i n  a  h i g h  d e g r e e  of  
d e s i c c a t i o n  of p e r e n n i a l  weeds.  A s  an  i n t e r - r o w  c r o p  
c u l t i v a t i o n ,  e a r t h e n i n g  up w i t h  r i d g e r s  a p p e a r e d  t o  be t h e  
b e s t  c o n t r o l  measu re ;  f o r  s m a l l e r  c r o p s ,  p l a n t i n g  on 
r i d g e s  and t i n e  c u l t i v a t i o n  w i t h  r e r i d g i n g  w i l l  a l s o  g i v e  
a  h i g h  d e g r e e  o f  c o n t r o l .  

I n t r o d u c t i o n  
T i l l a g e  and weed c o n t r o l  a f t e r  sowing a c c o u n t  f o r  a  - - 

l a b o u r  peak on f a rms  a l l  o v e r  t h e  w o r l d ,  whe the r  it be 
t r o p i c a l  o r  t e m p e r a t e  r e g i o n s .  I n  t h e  l a t t e r ,  w i t h  a  
c a p i t a l  i n t e n s i v e  p r o d u c t i o n  s y s t e m ,  weed c o n t r o l  a f t e r  
sow.ing i s  m a i n l y  c a r r i e d  o u t  i n  a  c h e m i c a l  way. However, 
t h e  r i s e  i n  t h e  c o s t s  i n v o l v e d  and t h e  knowledge of  t h e  
e n v i r o n m e n t a l  consequences  of  t h e  u s e  o f  c h e m i c a l s  r e v i v e d  
i n t e r e s t  i n  an  a g r i c u l t u r a l  p r o d u c t i o n  w i t h  a  minimum u s e  
of  c h e m i c a l s .  

I n  t h e  p a s t ,  when c h e m i c a l s  were h a r d l y  a v a i l a b l e ,  
t i l l a g e  was g e n e r a l l y  r e c o g n i z e d  a s  a  major  t o o l  t o  keep  
weed growth  u n d e r  c o n t r o l .  A s  soon a s  h e r b i c i d e s  were 
d i s c o v e r e d  t h e  a t t e n t i o n  of  weed s c i e n t i s t s  was a l m o s t  
c o m p l e t e l y  a b s o r b e d  i n  t h i s  f i e l d ,  more o r  l e s s  i n  t h e  
same way a s  m e c h a n i z a t i o n  a s p e c t s  a b s o r b e d  t h e  a t t e n t i o n  
o f  t i l l a g e  r e s e a r c h  w o r k e r s .  

Weed r e s e a r c h  i n  t h e  t r o p i c s  was c a r r i e d  o u t  i n  a  
r a t h e r  r e s t r i c t e d  way: ma in ly  a  s c r e e n i n g  of  h e r b i c i d e s  
from t e m p e r a t e  r e g i o n s  t o  be used  i n  t h e  t r o p i c s .  

A s  most o f  t h e  t r o p i c s  i s  o c c u p i e d  by d e v e l o p i n g  
c o u n t r i e s  w i t h  a  s e v e r e  l a c k  of  ha rd  c u r r e n c y ,  t h e  r i s e  
i n  t h e  c o s t s  of c h e m i c a l s  w i l l  r e s t r i c t  s t r o n g l y  on t h e  
u s e . o f  h e r b i c i d e s .  The env i ronmen ta l  consequences  may be 
more b e a r a b l e  t h a n  i n  most 
o f  t h e  t e m p e r a t e  c o u n t r i e s ,  because  of  t h e  a b s e n c e  of  
i n d u s t r i a l  p o l l u t i o n  and o f  a  h i s t o r i c a l  a c c u m u l a t i o n .  
But a  much b i g g e r  problem i n  u s i n g  h e r b i c i d e s  i n  
d e v e l o p i n g  t r o p i c a l  c o u n t r i e s  i s  t h e  e d u c a t i o n  of  t h e  
r u r a l  p o p u l a t i o n .  How can  a  l o c a l  f a r m e r  know what 
h e r b i c i d e  t o  u s e  i n  what way a t  what t i m e  f o r  a  c e r t a i n  
c r o p ?  

T h i s  f a c t  makes i t  n e c e s s a r y ,  c e r t a i n l y  f o r  t h e  f i r s t  
d e c a d e s  t o  come a n d ,  i f  t h e  c o s t s  o f  h e r b i c i d e s  a r e  n o t  
g o i n g  t o  f a l l ,  p e r h a p s  even f o r e v e r ,  t h a t  r e s e a r c h  
towards  t h e  weed c o n t r o l  a s p e c t s  o f  t i l l a g e  i s  i n t e n s i f i e d  
and g i v e n  f u l l  a t t e n t i o n .  



G e n e r a l  r e m a r k s  on t i l l a g e  a s  a  weed c o n t r o l  m e a s u r e  
I n  weed s c i e n c e ,  s p e c i f i c  g r o u p s  o f  weeds  h a v e  t o  b e  

d i s t i n g u i s h e d  a s  t h e y  n e e d  a  d i f f e r e n t  a p p r o a c h  i n  
c o n t r o l l i n g  t h e m :  
i .  weeds  p r o p a g a t e d  by  s e e d ( m a i n 1 y  a n n u a l  w e e d s )  
2 .  weeds  p r o p a g a t e d  by  v e g e t a t i v e  p a r t s ( m a i n 1 y  p e r e n n i a l )  
S e e d s  f r o m  weeds  r e q u i r e  s p e c i f i c  c o n d i t i o n s  c o n c e r n i n g  
d e p t h  o f  b u r i a l ,  w a t e r ,  o x y g e n ,  t z m p e r a t u r e ,  l i g h t  i n t e n s i -  
t y  a n d  d a y l e n g t h  f o r  t h e i r  g e r m i n a t i o n .  Wi th  t i l l a g e ,  
w a t e r ,  o x y g e n  a n d  t e m p e r a t u r e  c a n  b e  i n f l u e n c e d  t o  a  
c e r t a i n  e x t e n d  b u t  more c a n  b e  d o n e  c o n c e r n i n g  t h e  d e p t h  
o f  b u r i a l .  If f o r  i n s t a n c e  m o u l d b o a r d  p l o u g h i n g  i s  c a r r i e d  
o u t  i n  a  p r o p e r  way u s i n g  s k i m  c o u l t e r s ,  a l m o s t  t h e  
c o m p l e t e  t o p  l a y e r ,  w i t h  f r e s h l y  s p r e a d  s e e d s ,  c a n  b e  
t r a n s p o r t e d  t o  t h e  b o t t o m  o f  t h e  p l o u g h e d  l a y e r .  A l t h o u g h  
we do  n o t  know v e r y  much a b o u t  t h e  s u r v i v a l  o f  s e e d s  i n  
s o i l s  a t  h i g h  t e m p e r a t u r e s ,  it m i g h t  b e  e x p e c t e d  t h a t  t h i s  
i s  l e s s  t h a n  i n  t e m p e r a t e  r e g i o n s .  

P e r e n n i a l  weeds  c a n  b e  c o n t r o l l e d  e i t h e r  by  e x h a u s t i o n  
c r  d e s i c c a t i o n .  F o r  e x h a u s t i o n  a non-dorman t  p e r i o d  w i l l  
b e  r e q u i r e d  s o  i n  m o s t  c a s e s  a  f a l l o w  g r o w i n g  s e a s o n  w i l l  
b e  n e c e s s a r y .  F o r  d e s i c c a t i o n  a  d r y  p e r i o d  i s  n e e d e d  w h i c h  
i s  a v a i l a b l e  i n  a l l  e x c e p t  t h e  humid t r o p i c s .  

The a b o v e  m e a s u r e s  a r e  m a i n l y  t o  k e e p  t h e  p o t e n t i a l  
weed p o p u l a t i o n  down. C o n c e r n i n g  t h e  r e p r e s s i v e  weed 
c o n t r o l  m e a s u r e s  i t  c a n  b e  n o t e d  t h a t  t h e  v e g e t a t i v e  c r o p  
g r o w t h  i n  t h e  t r o p i c s  i s  f a s t e r  t h a n  i n  t e m p e r a t e  r e g i o n s .  
T h a t  i s  why weed c o n t r o l  b e t w e e n  p l a n t i n g  a n d  c r o p  c l o s u r e  
i s  r e l a t i v e l y  e a s i e r .  

To t e s t  some o f  t h e  a b o v e  a s s u m p t i o n s ,  a  number  o f  
e x p e r i m e n t s  h a v e  b e e n  c a r r i e d  o u t  i n  t h e  s a v a n n a  o f  t h e  
n o r t h e r n  p a r t  o f  N i g e r i a  i n  1 9 7 4  a n d  1 9 7 5 .  

The i n f l u e n c e  o f  p r e - p l a n t i n g  t i l l a g e  o p e r a t i o n s  on  weed 
g r o w t h  

I n  t h e  e x p e r i m e n t a t i o n  t h r e e  l e v e l s  o f  m e c h a n i z a t i o n  
w e r e  i n c l u d e d  i n  s e p a r a t e  e x p e r i m e n t s :  
1. a n i m a l  power  
2 .  t w o - w h e e l ( 8 . 5  h p )  a n d  s m a l l  f o u r - w h e e l ( 1 2 . 5  h p )  t r a c t o r  
3 .  b i g  f o u r - w h e e l  t r a o t o r ( 6 5  h p )  
Wi th  a n i m a l  p o w e r ,  t h e  f o l l o w i n g  t r e a t m e n t s  w e r e  c o m p a r e d :  
I .  m o u l d b o a r d  p l o u g h i n g  w i t h  a d d i t i o n a l  t i n e  c u l t i v a t i o n ,  
I I .  m o u l d b o a r d  p l o u g h i n g  o n l y ,  
111. r i d g i n g  i n  u n t i l l e d  s o i l ,  
I V .  t i n e  c u l t i v a t i o n  o n l y .  
T r a d i t i o n a l l y  a l l  c r o p s  a r e  p l a n t e d  on r i d g e s ,  w h i c h  a r e  
s p l i t -  n e x t  s e a s o n  a n d  r e b u i l t  e i t h e r  on  t h e  same s p o t  
o r  i n  t h e  f u r r o w .  A s  t h e  e x p e r i m e n t  w a s  s t a r t e d  on  f l a t  
s o i l ,  t r e a t m e n t  111 i s  n o t  a  t r a d i t i o n a l  o n e .  

Weed g r o w t h  1 7  d a y s  a f t e r  t h e  t i l l a g e  o p e r a t i o n s  
a v e r a g e d  o v e r  two i m p l e m e n t s ,  w h i c h  d i f f e r e d  n o t  s i g n i f i -  
c a n t ] . ~ ,  a n d  o v e r  s i x  r e p l i c a t e s  i s  g i v e n  i n  t a b l e  1. 

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



Table 1. Weed weight(dry matter of areal parts) and 
tillage depth for the animal powered experiment 

Treatment I I I I11 IV Lsd.05 Lsd.Ol 

Depth (cm) 15 15 7.5 9 
Weight(gr/m ) 3.6 8.0 24.7 39.6 8.5 12.3 

The treatments compared at the second mechanization 
level were: 
a) two-wheel tractor : 

I. mouldboard ploughing only 
11. mouldboard ploughing and rotavating 
111. rotavating only 

b) four-wheel tractor: 
IV. mouldboard ploughing only 
V. mouldboard ploughing and disc-harrowing 
VI. disc harrowing only. 

Weed growth 21 days after tillage averaged over five 
replicates is shown in table 2. 

Table 2. Weed weight(dry matter of areal parts) and 
tillage depth for the small tractor powered 
experiment 

Treatment I I1 I11 IV V V I Lsd.05LSd.01 

A Japanese type of plough(treatment I) is controlling 
weeds not as good as a normal mouldboard plough(tr.IV), 
however not significantly. Only shallow disc harrowing 
gives a really poor weed control. 

At the highest mechanization level the treatments were: 
I. disc ploughing and disc harrowing 
11. mouldboard ploughing 
111. chisel ploughing 
IV. rotavating 
V. disc harrowing 

Weed growth 21 days after tillage, averaged over 2 
replicates is presented in table 3. 

Table 3. Weed weight(dry matter of areal parts) and 
tillage depth for the four-wheel tractor 
powered experiment 

Treatment I I I 111 IV V Lsd.05 Lsd.ol 

Depth(cm) 2 1 2 3 18 2 0 8 
Weight(gr/m ) 53.0 7.4 89.9 45.4 89.4 42.0 69.7 

Reversing the soil with a mouldboard plough resulted 
in a very good control of weeds, while mixing(disc plough 



and r o t a v a t o c )  was c l e a r l y  worse  b u t  s t i l l  much b e t t e r  t h a n  
b r e a k i n g  up t h e  s o i l  o n l y ( c h i s e 1  p1ough)o r  a  s h a l l o w  d i s c  
o p e r a t i o n .  

About t h e  c o n t r o l  o f  p e r e n n i a l  weeds o n l y  p r e l i m i n a r y  
t r i a l s  have been  c a r r i e d  o u t  on t h e  d e s i c c a t i o n  o f  Impera-  
t a  c y l i n d r i c a  and Cyperus  r o t u n d u s .  I t  a p p e a r e d  t o  be v e r y  
d i f f i c u l t  t o  p e n e t r a t e  i n t o  t h e  s o i l  deep  enough i n  d r y  
s e a s o n  w i t h  no rma l  f a r m  equ ipmen t .  To be a b l e  t o  f o l l o w  
t h i s  l i n e  o f  weed c o n t r o l ,  t h i s  h a s  t o  b e  c a r r i e d  o u t  
e i t h e r  by h e a v y ( e . g .  l a n d  c l e a r i n g )  equipment  o r  t o  c a r r y  
o u t  t h e  d e e p e s t  o p e r a t i o n  i m m e d i a t e l y  a f t e r  t h e  h a r v e s t  o f  
an  e a r l y  c r o p  when t h e  s o i l  m o i s t u r e  c o n t e n t  i s  s t i l l  
r e a s o n a b l e  h i g h .  Once s u f f i c i e n t  d e p t h  i s  r e a c h e d ,  i . e .  
t h e  d e p t h  o f  t h e  d e e p e s t  v e g e t a t i v e  p a r t s ,  one  s e a s o n  o f  
a b o u t  6  months o f  d r o u g h t  i s  s u f f i c i e n t  t o  e r a d i c a t e  t h e  
above  ment ioned  weeds.  No d i f f e r e n c e  c o u l d  be  s e e n  be tween  
d i s c  p l o u g h i n g ,  c h i s e l  p l o u g h i n g  o r  r o t a v a t i n g  w i t h  
u n d e r b u s t e r .  

The i n f l u e n c e  o f  i n t e r - r o w  c u l t i v a t i o n s  on weed growth  
On a  v e r y  h e a v i l y  i n f e s t e d  f i e l d  w i t h  m a i n l y  Cyperus  

r o t u n d u s  and C - e s c u l e n t u s  a.n a n i m a l  powered e x p e r i m e n t  
h a s  been  c a r r i e d  o u t  t o  s t u d y  t h e  p o s s i b i l i t y  t o  grow a  
c r o p  o f  maize  i n  s p i t e  o f  t h i s  i n f e s t a t i o n .  The t r e a t m e n t s  
i n  t h e  maize  c r o p  p l a n t e d  on t h e  2 5 t h  o f  May were :  
I .  t i n e  weeding on J u n e  4 ,16  and 2 6 ,  
11. t i n e  weeding on J u n e  1 2  and 26 ,  
111. sweep weeding on t h e  same d a t e s  a s  I ,  
I V .  u p r i d g i n g  g r a d u a l l y  on t h e  same d a t e s ,  
V .  t i n e  weeding and  u p r i d g i n g  o f  t h e  p r e - p l a n t i n g  

r i d g e d  c r o p  a l s o  on t h e  same t h r e e  d a t e s .  
Weed growth  on t h e  9 o f  J u l y  a v e r a g e d  o v e r  f o u r  

r e p l i c a t e s  i s  shown i n  t a b l e  4 .  

T a b l e  4. Weed w e i g h t ( d r y  m a t t e r  o f  a r e a l  p a r t s )  o f  
some i n t e r - r o w  c u l t i v a t i o n s  

T r e a t m e n t  I I I I11 I V  V L sd  .05  L s d . O l  

-- 

From t h e s e  r e s u l t s  it c a n  be s e e n  t h a t  c u t t i n g  weeds 
w i t h  a  sweep w i t h o u t  t h r o w i n g  up s o i l  i n t o  t h e  row i s  a p o o r  

weed c o n t r o l  measu re .  Second ly  i t  i s  c l e a r  t h a t  t i m e l y  
and  f r e q u e n t  c u l t i v a t i o n s  a r e  e s s e n t i a l  t o  g e t  t h e  b e s t  
r e s u l t s .  T h i r d l y  e a r t h e n i n g  up by r i d g e r s  i s  a  v e r y  good 
sys t em t o  c o n t r o l  weeds even  i n  t h e  row. 

G e n e r a l  c o n c l u s i o n s  
Mouldboard p l o u ~ h i n g  seems t o  be n e c e s s a r y  i n  c o n t r o l l -  - - 

i n g  weeds a t  a i l  m e c h a n i z a t i o n  l e v e l s .  But a s  t h i s  
r e q u i r e s  r a t h e r  much l a b o u r ,  t h e  t r a d i t i o n a l  way o f  p r i -  
mary c u l t i v a t i o n s  by r i d g e  s p l i t t i n g ,  which r e v e r s e s  a l s o  
much o f  t h e  t o p  s o i l  m igh t  be  a  v e r y  good a l t e r n a t i v e .  

I n t e r - r o w  c u l t i v a t i o n s ,  c a r r i e d  o u t  t i m e l y  and  w i t h  t h e  
r i g h t  imp lemen t s  c a n  keep  weed growth  unde r  c o n t r o l  u n t i l 1  
c r o p  c l o s u r e .  The s y s t e m  o f  e a r t h e n i n g  up c a n  be  a p p l i e d  
t o  t a l l  g rowing  c r o p s  l i k e  m a i z e ,  m i l l e t ,  sorghum and 



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

A good  s e q u e n c e  o f  t i l l a g e  o p e r a t i o n s ,  p r e -  a n d  
p o s t p l a n t i n g ,  can r e d u c e  weed p r o b l e m s  e n o r m o u s l y .  



T i n e  w e e d i n g  s t r a d d l i n g  
t h e  row t o  o v e r c o m e  
p r o b l e m s  o f  
n o n - p a r a l l e l  p l a n t i n g  

F i g .  3 :  
With  e a r t h e n i n g  up 
a n d  w i t h  t i n e  w e e d i n g  
a n d  r e r i d g i n g  s o i l  
i s  t h r o w n  i n t o  t h e  
p l a n t  r o w .  
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ABSTRACT 
The measurement of bulk density, cone resistance, vane shear 

strength, air entry rate and plate sinkage is described in relation to 
studies on the distribution of compaction under tractor wheels with and 
without the addition of cage wheels. The advantages of using a nmber 
of soil physical properties for this purpose, particularly with the aid 
of a soil test trailer are discussed. Care is needed in selecting a 
reference datum level for subsurface measurements. A limited number 
of tests were made on the effect of adding a cage wheel to a standard 
tyre and of using a cage wheel instead of a tyre on 30 cm of loose 
sandy loam overlying compacted soil of the same texture to simulate a 
cultivated seedbed. Adding a cage wheel reduced the maximum intensity 
of compaction but did not reduce the total compactive response. These 
effects may be modified by changes in design which transfer a greater 
proportion of the axle load to the cage wheel. 
INTRODUCTION 

Our studies are concerned with the incidence, importance and re- 
duction of soil compaction under wheels in commercial crop prcduction. 
Of immediate interest are the selection and measurement of relevant 
soil properties and the techniques for comparing the results obtained 
under different types of wheels. Later the studies will be extended 
to include the inter-relationships between soil type, machinery 
management systems and climatic conditions. An integrated programme 
using full scale vehicles in a soil tank (15 m x 2 m x 0.5; m) and in 
the field is underway and this paper considers some preliminary results 
using quantitative techniques for comparing compaction under different 
wheel systems. 
SELECTION OF SOIL mOPEEPIES 

Apart from an increase in bulk density, compaction results in 
changes in many other physical properties which may be of more prac- 
tical importance. Soil properties selected for ma-ment should 
preferably show high sensitivity i.e. a large change in value in 
relation to the errors of measurement and be capable of rapid and 
convenient measurement with a high degree of spatial resolution. The 
results should be of relevance in interpreting soil responses with 
respect to plant growth and/or machinery operation. A property 
related to root gmwth (e.g. in some soils cone resistance) may be 
unsuited for the assessment of soil strength near the surface which 
is of particular importance in assessing direct drill performance in 
zero-tillage experiments and for which vane shear strength would be 
more appropriate. Our approach is therefore to measure as many rele- 
vant soil pbpical properties as circumstances permit. The tests 
receiving most attention here are as follows: 
Dcy bulk density. total porosity, air-filled porosity. The gamma- 
ray transmission method with equipment similar to that described by 
Soane et al. (1971) is used but with 22 cm spacing between probes.. 
Readings are obtained at 3 cm increments to 39 cm depth with the probes 
inserted by hand or hydraulically. The method, though much quicker 
than the use of core sampling, is still slower than the methods used 
for soil strength. Disturbed samples are taken by a screw or tube 
auger for water content measurement by oven drying. 



Cone resistance. A 12.9 nun dia. 30' cone is inserted at 30 m/s 
either by hand or by electrical drive. Readings taken at 3 cm incre- 
ments to 39 cm depth using 9 positions 10 cm apart across wheel track. 
Nagnetic tape recording is used on the soil test trailer. The method 
is rapid, convenient and shows a high degree of spatial resolution and 
sensitivity. 
Vane shear strewh. A 19 xu dia., 28 mm high, four bladed vane is 
inserted and rotated by hand, maximam she= strength is indicated by 
a captive needle -nit a calibrated dial. In these tests, readings 
were taken at 18, 27 and 36 cm depth. The method is very quick and 
simple to operate and has a high degree of spatial resolution and 
sensitivity. 
Air entry rate. A manually or hydraulically-inserted permeameter 
'(60 nun dia.) is used to seasure the flow of air at a pressure of 25 cm 
water at the surface or sub-surface respectively. Readings are taken 
in the midline of the wheel track. The results will be related pri- 
marily to the number of large pores present. 

A 118 m dia. plate is lowered electrically at 
'-the resistance reaches 90 u/m2 which corresponds 
approximately to the inflation pressure of many tractor rear -8. 
Load and sinkage are recorded on magnetic tape and the results 
expressed in terms of sinkage (nun) or the slope of the load/sinkage 
relationship (kIi/m). While +Ae metho3 gives no information on the 
distribution of sub-surface soil responses it indicates the relative 
bearing capacity of different soils before and after the passage of 
wheels, readings being taken in the midline of the wheel track. 

In the soil tank andin some circumstances in the field, these 
meaments are undertaken from a soil test trailer having a wheel 
track of 2.8 m (Soane, 1975). This haa the advantage of avoiding 
any foot traffic over the test soil area, of utilising electrical and 
hydraulic power supplies from the towing vehicle to aid the insertion 
of the test equipment and may increase the output of +&st results per 
man-day. 
'GWIPLES 02 SOIL rnP0NSES 

An example of the change in bulk density with the passage of a 
tractor wheel over cultivated sandy loam in the field is shown in Fig. 
? The compactive change was marked throughout the cultivated layer. 
With the ganima-ray transmission method it is easy to fake readings at 
small increments of depth permitting detailed information to be gained 
on the changes of bulk density in the profile which would be difficult 
to achieve by other methods. 

For a sandy loam soil in the soil tank (30 cm depth loose soil 
overlying compacted soil) the changes in cone resistance, vane shear 
strength, air entry rate and plate sinkage before and after the 
passage of a nedium power tractor with a cage wheel fitted are shown 
in Table 1 .  The increase in vane shear strength was significant 
(P = 0.05) for both cage wheel and tyre at all three depths whereas 
for cone resistance the iacreases were not sigrificant at 18 cn depth 
but significant at 27 cm depth. At 36 cm depth the increase in cone 
resistance was significant below the tyre but not below tlle cage 
wheel. Plate sidsage decreased significantly below the cage wheel and 
Qre, the greater difference being below the t y x .  The decrease in 
air entry rate was significant uniier the cage wheel at all depths but 
only at 18 cm below the tgre. Therelative changes in these 
properties do not follow a sinilar pattern in all cases and further 
work will be required to collcirm the vali3y of the differences and 
assess their imaortance. - 
Statistical comparisons. hlere the test result eari be expressed as 
a single figure, e.g. plate swage, comparisons are straightfoe. 
However, complications arise m comparing results of properties whch 



EXAtPLES OF CHANGES IN SOIL PROPWTIES AS A RESULT OF TEE PASSAGE OF 
A mm4 POWER TRBCTOR WHEEL FTTPED WITR A CAGE WHEEL 

Value a f t e r  Relative value 
Value passage a f te r  passam 

Depth before (midline) S.E. 
C .V. 

Property cm 
-sage 

% Cage W e  
cage W- Initial = 100 

mean of 10 positions 

vane shear 18 12 29 29 2.4 33 240 240 
27 
36 

47 
27 73 

58 4.4 31 170 220 
(m/m > 49 77 6.7 32 150 160 

Air entry 18 13.5 7.5 9.1 0.8 25 55 67 
ra te  27 5.7 3.5 4.0 0.6 41 61 70 
(I/&) 36 3.3 1.7 3.1 0.3 36 51 94 

Plate 
sinkage 0 100 43 24 6.8 38 43 24 
(mm) 

-- 

Cone . 18 40 70 50 16 49 170 1 30 
resistance 27 70 250 290 24 20 360 41 0 
(W/m2) 36 250 330 570 32 14 130 200 

simplification can-be made by 0 - Inmd Density Proflie 
analysing the s ta t i s t i ca l  

r--+ Flnai Dcnnty R o l l e  
significance of the difference in 

vary both horizontally and v e r t i d y  
within the soi l  below the wheel DII B U I ~  h r t h  g1cm3 

track. The simplest approach is  to 0 9' '? 12 I J  1 4  

confine attention to  the so i l  below btld Swfoce iwei 

the value obtained at each point of ,51 
measurement before and a f te r  the 

the midline of the wheel (Fig.1 and 
5 -  

Table I) and to compare separately Flnal Surfoce Lwei 
the results obtained at different 
depths. This approach may be 
extended to results obtained on a - 
two-dimensional grid. The use of Z 

IS 
s ta t i s t i ca l  techniques fo r  
individual comparison of a D 

% considerable number of grid points 5 20- 

may, however, merely regenerate a 4 . 
complex pattern which i s  i t s e l f  s s 2s- 

diff icul t  to  intemret. A a 

passage of the wheel and then 
obtaining the sum (2 x), mean (5) 
and standard deviation (c) of those 
differences which reached a selected 
level of significance, in our case 

Fig. 1. Exsmple of use of initial 
surface level as datum in study 
of compaction under tractor rear 
wheel (MF 135, 1830 kg, 35 aw) on 
passing over cultivated soi l  

P = 0.10. These parameters may then be used to compare the effects 
resulting from different wheel systems (see later).  
Depth transformations. Comparisons of results of t es t s  made on soi l  
at different s ta tes  of compaction are complicated by the problem of 
selecting a common datum level from which t o  measure depths 



within the soi l  profile. In general, use of the so i l  surface as  a 
datum is  not satisfactory when the changes in bulk density are extreme, 
o r  where soi ls  shrink o r  swell with changing moisture conditions, but 
i t  i s  possible i n  some caaes to use the surface in either the dense or  
the loose s ta te  and the l a t t e r  technique is i l lustrated i n  Fig.7. The 
matching in bulk density values within the subscil agree within 1 cm in 
depth, i n  spite of a 9 orn change i n  level a t  the surface ae the result 
of the passage of a tractor wheel. Another technique i s  to  apply to  
the depth scale a progressive correction, the mag2litude of which i s  
base& on the differences between the initial and the final bulk density 
values fo r  successive depth increments (=ageon and Soane, 1976). This 
correction has been employed Zor measurements of bulk density M e  over 
a period of eight years in a zero-tillage experiment, the final bulk 
density profile being used as  the reference state. A t  the start of 
the period an "spveEd displacexaent of data points by 3 cpa was required 
fo r  readings a t  33 cm depth (Fig.2). Changes nearer the surface or  
later in the sequence of measurements were slight. 
E a t a  transformations. Results of bulk density or porosity ~asru'enents 
may have l i t t l e  interpretive value unless they are expressed as a 
dimensionless ratio,such as  'degree of compactnessq (H&ansson 1973) or  
'relative compaction' ( ~ r i t i s h  Standard Institution 19751, by wbich the 
value i s  related to that in  a reference packing s ta te  obtained i n  a 
standard laboratory compaction test. Bulk density results  obtained 
a f te r  different periods of zero-tillage fo r  continuous bazley have been 
converted. to the relative compaction basis (Pig.2) and these show that 
in  this experiment the c d a t i v e  compaction from wheel t r a f f i c  results  
in  a progressive increase in relative compaction unt i l  a value of about 
0.9 is  reached (~idgeon and Soane, 1976). 
SOE3 PEdCTICAL ASISECE OF COMBACTION RESEBRCE 

It is  of interest  to explore tecimiques which codd achieve a 
reduction or a redistribution of soi l  compaction under wheels within the 
constraints of commercial operations. 
Reduction in wheel traffic. From numerous tes t s  i n  the f ie ld  we know 
that a considerable mount of compaction occurs during wheel t ra f f ic  
over seedbeds (Fig. l ) and a t  cereal harvest (Pig. 3), and the changes i n  
aoil  properties occurmring awing these operations appear to have a 
doninant effect on so i l  conditions throughout the year (some and 
Pidgeon, 1975). Cereal fanoers now have the optioa of reducing the 
amomt of wheel t raff ic  during the prepzratim of a seedbed by the 
adoption of tectmiques fo r  reduced or  zero-tillage o r  by Lin%ing 
traditional implements together (Pattersor, 1975'). 
Redistribntion of cornaction. The possible options for  obtdnirg  a 
redistribution of compaction include spreadizlg the so i l  responses more 
widely and uniformly or, alternatively, concentrating the effect into 
narrower bands. The possibility also e d s t s  of moving the zone of 
aaxirmrm compaction to  greater o r  lesser depths. %us the effects of 
variation in the dimensions, numbers, type and amangenent of wheels 
and the inflation pressme of tyres on the nature of the compaction 
pattern need to  be examined. A more dramatic effect i s  likely t o  
result from the part ial  o r  to ta l  restr ict ion of -&eel t ra f f ic  t o  pre- 
determined locations. 

W e  have investigate4 in the soi l  tank the chan&s in distribution 
of so i l  compac%ion under the wheels of m e d i m  size, li&tlybalLaat& 
tractors (MF 165, 2730 kg, k6 W; 118 990, 2640 kg, &3 k ~ )  when cage 
wheels and n o d  wheels have been used i n  various ways trader zero-slip 
conditions, The sandy loam soil ,  estimated to be at ST0 bar water 
tension, was loose to 30 om depth and compacted to  a cone resistance of 
about 10 bar below. Fig.4 (a-f) i l lus t ra tes  the resnlts obtained fo r  
cone resistance measurements. The addition of a commercial cage -&eel 

43 :4  



Relative compaction 
0.7 0.75 0.8 0.85 0.9 0.95 

Pig.2 Changes in relat ive compaction 
due to wheel t raf f ic .  during an eight 
year period of zero-tillage fo r  barley. 
The dashed l ine  shows data fo r  1967 
plotted a t  corrected depths equivalent 
to those of the 1970-74 data 
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30 n - 
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Bulk density. gicm3 

Fig. 3 The variation 'of bulk 
density in and out of the 
wheel track of a combine 
harvester in relation to the 
t i l lage  method used fo r  
gmving continuous barley 

for  s i x  years 

(1 34 cm dia., 38 cm width) to the rear wheel (1 1-36 tyre) of the I@ 165 
tractor resulted i n  a markedly wider distribution of compaction and a 
reduction in maximum intensity (compare Pig.4(b) with (a)). The sums 
of the compactive effects within the area m which the differences were 
significant (E: x) were similar for  both tests. The mean increase in 
cone resistance (5) was 4.7 bar fo r  the tyre alone but only 2.2 bar for  
the tyre plus cage wheel. The distribution of compaction under the 
tyre plus cage wheel was further hanged by reducing the inflation 9 pressure of the tyre from 80 H?/m to LO hl/m2. Fig.4d) shows the 
increase in the cone resistance under the cage wheel resulting f r o m  the 
reduction i n  tyre inflation pressure, a 6335 increase in the sum of the 
compaction effect (Z x) being obtained although there was no change i n  
the mean level of compaction. It seems probable that the redistrihkon 
of compaction achieved by f i t t i n g  cage wheels, i f  thought desirable, 
would be obtained more effectively by using larger diameter cage wheels 
than are  commonly employed though transferring a greater proportion of 
the axle load to  the cage vheel mi&t require a strengthening of the 
cage wheel, i ts fitting mechanism and possible the tractor back axle. 

An experimental cage wheel (140 m d i s e t e r ,  38 cm width) was used 
as  a substitute fo r  the tractor  rear  wheel (compare Pi&4(f) and (e)). 
The sum of compaction effect was increased by 87% though cr decreased 
from 1.7 to 1.0 bar, the response be in^ spread out over a much wider 
band. There was l i t t l e  difference i n  -the average values (% 2.7 bar, 
5 - 2.9 bar). f -  

When a tyre with nollrmdl inf la t ioc  pressure was run  over the wheel 
track fo r  a second time the additional corcpaction, Fig.L(c), was 
confined to  a band somewhat above the zone of maximum compaction which 
occurred during the f i r s t  pass, an increase of 37% i n  z x  being 
recorded. This tendency for  the zone of ma.ximum compaction to 
approach the surface with repetitive passage of wheels has also been 
found i n  the field. The compaction effects of the passage of a 
combine harvester wheel also depended on the occurrence of previous 



wheel t ra f f ic  ( ~ i ~ . 3 ) .  Soil which has been deep ploughed followed by 
10% coverage of wheels during seedbed operations was still i n  a 
readily compactable s ta te  at hzrvest whereas soi l  which had remained 
uncultivated for  s ix  years with barley grom by direct drilling had 
sufficient strength t o  res i s t  further compaction a t  W e s t .  

LO I x , 9 L .  It. L.7. SO 1.7 

80 kNlm 

10 
5' 3 20 

30 

LO - 
30 

0 10 20 30 LO SO 60 70 80 90 0 10 20 30 LO 50 60 70 80 90 
Width, cm 

Kg.$ The distribution of increases in cone resistance (bar = lo2 x 
kN/m ) resulting from *he passage of a tyre (a  ad e), a tyre plus 
cage wheel (a), and a cage wheel alone (f) . Diagrm (c) shows the 
additional effect from a second pass of the tyre while d mdxcates 4 ) .  - .  
the a d d i t i d  effect resulting from the use of 40 kN/m l n f l a t ~ o n  
pressure instead of 80 kN/m2 fo r  the tyre when used r;ith a cage wheel 
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