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Preface

A series of international soil tillage conferences have been
organized in Western Europe during the post-war period, but it

was not until at the 6th Conference held at Wageningen 1973 that

the 1STRO was properly constituted. The requlations (next page)

are a result of the extensive preparatory work done by Prof. Kuipers.

The record of the earlier conferences, of which the first 4 were
arranged in connection with World Ploughing Contests, is as follows:

1955 at Uppsala, Sweden, organized by G. Torstensson

1958 at Stuttgart-Hohenheim, Western Germany, organized by Prof.
H. Frese. The main theme was ploughing and papers were published
in '"" Mitteilungen der Deutschen Landwirtschafts-Gesellschaft'',
Vol. 74, Heft 13, 1959,

1962 at Doorwerth, Netherlands, organized by Prof. H. Kuipers. The
proceedings '"The objectives of soil tillage' were published
in '"Netherlands Journal of Agricultural Science', Vol. 11, No. 2,
Special Issue 1963, pp. 85-160.

1965 at Aas, Norway, organized by Mr. A. Njds, under the supervision
of the Scandinavian Agricultural Research Worker's Association
(NJF). The proceedings '‘Characterization Problems in Soil Tillage"
were published in the Swedish journal "Grundfdrbdttring'', Vol. 19,
Division of Soil Management, Agricultural College of Sweden.

1970 at Silsoe, England, organized by Mr. N.J. Brown. The mimeographed
proceedings ''Tillage Research Methods' are available from N.J.
Brown Esq., Physics Department, Rothamsted Experimental Station,
Harpenden, Herts, England. (Price £1.25 inc. postage. Remittance
made out to ''N.J. Brown (Soil Tillage A/c)'. If outside UK please
pay in sterling through a London Bank).

1973 at Wageningen, Netherlands, organized by Prof. H. Kuipers. A
mimeographed summary of papers is available.

As seen from the list above, the way of publishing the conference
proceedings has varied, and is a matter of the organizer. To
facilitate bibliographic notation, we include the proceedings of
the present conference in our series of mimeographed reports. Most
of these reports are available on request.

The papers submitted to us cover a wide area of soil tillage research,
the main topics being tillage problems in ploughless farming systems,
soil compaction and plants growth, and physical properties of soils and
performance of tillage tools. The papers are published in alphabetical
order,

We are indebted to the Ministry of Agriculture for the finacial aid

and to the University of Uppsala, the Agricultural College of Sweden,

the county agricultural boards and the different institutes and companies
for the facilities provided. Finally we are grateful to all colleagues
for the generous help in preparing the conference.

Reijo Heinonen Lennart Henriksson
Chairman of the Board of ISTRO Secretary of the Board of ISTRO






internationaal agrarisch centrum

INTERNATIONAL AGRICULTURAL CENTRE
CENTRE AGRICOLE INTERNATIONAL
INTERNATIONALES AGRAR ZENTRUM

Wageningen, September 27, 1973

Regulations of the International Soil Tillage Research Organization, accepted
during the 6th Conference, September 25 - 27, 1973, at Wageningen, the Netherlands.

1. The objective of the International Soil Tillage Research Organization is to
promote contacts between soil tillage research workers by initiating 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 untill the next conference.

3. The president is in charge of the organization of the next conference. He
- chooses one of these other two members of the Board preferably in his own
country, who will act as secretary of the I.S.T.R.O.

4, The fifth member of the Board is proposed by the Board or by participants
of the conference. He may interchange his function with that of the next
president, if that seems to be appropriate.

5. AT1 participants of the conference can make proposals for election to fill
vacancies in the Board and for changes in the Board.

6. A1l participants of the conference have the right of voting.

7. The president is free to organize the conference as seems to be appropriate
and to cooperate with other organizations. He is responsible for informing
the Board on his major activities.

8. If possible conferences should be held at least once every three years.

9. If the president is unable to organize the conference he consults the Board
and the Board has the right to reorganize itself.

10. Members of the organization are participants of the conferences involved in

tillage research and tillage research workers that apply for membership.
A1l members are invited to conferences.

The Committee in charge of
N.J. Brown (U.K.) ///7;
Dr. W. Czeratzki (BRD) Ve /) /w E;@%Z

Ao

'l /‘ T T

Prof.Ir. H. Kuipers (The Nether1aniiiéﬁéfi:;;:;,,

; , [ A
Prof.Dr. V. Miha 1'6 Yugoslavia S ' L
POSTBUS 88, WAGENINGEN NEbERTaND W90 ) TELEFOON 08370-19040, TELEGR. INTAS

ulation prggp&'

Prof.Dr. R. Heinonen (Sweden) iZ%






The 7th Conference of the Intermational Soil Tillage Research
Organization, Sweden, 1976.

SEEDBED PREPARATION FOR OPTIMUM TEMPERATURE, MOISTURE, AERATION,
AND MECHANICAL IMPEDANCE?

Stephen B. Affleck, Don Kirkham, and Wesley F. Buchele b
Iowa State University, Ames, Towa 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 controelled 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 (§§§H9§153 L.) are presented. Faster emergence, higher
stands, and statistically significant yield increases up to 1685 kg/ha
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 et al. (1952), p. 366, for temperature study; see L.A. Richards
and Wadleigh (1952), 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 km west of Chicago, Illinois. Towa
has a subhumid climate, the precipitation averages 75 cm per year, and
most of the precipitation cccurs as rain in the growing season. Irri-
gation is not practiced. Planting of maize normally begins about the
lst to the 10th of May. In recent years, emphasis has been placed by
Towa'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 system that we used to increase

&Journal Paper No. J- 3428 of the Iowa Agriculture and Home Economics
Experiment Station, Ames, Iowa. Projects No. 1888, 2086, and 1941.

bResearch Associate, Distinguished Professor of Agronomy, and Profes-
sor of Agricultural Engineering, Iowa State University, Ames, lowa.
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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 in 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 1nterception 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

60° 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 wiil 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.l 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. 1In 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 twa var-
iations of sloped-ridge planting with flat and top-of-ridge planting.
Cross sections of the four treatments as actually meagured in the

75 CM ————~———*4
15
|CM |

-

FLAT PLANTING
CONCAVE PRESS WHEEL

15 CM ° .
TOP-OF-RIDGE PLANTING
CONCAVE PRESS WHEEL

—— L
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SLOPED-RIDGE PLANTING
CONCAVE PRESS WHEEL 10

o
15 C .

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 em 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. (Yote, 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 850z kg/he.
The differences in yields between sloped-ridge planting and flat
planting, 801 and 548 kg/ha, were statistically significant. Maize

1:3
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planted May 15 of that same year gave significantly lesser yields, 7674
to 8058 kg/ha, but with no significant differences among the four
treatments. These results indicated, as expected, that earlier plant-
ing would give greater yields 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 thermometers 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
becaise 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 kg/ha, TRCO gave 3981
kg/ha, and FCO gave 4898 kg/ha. 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 kg/ha, but this was not significantly different from the
other sloped-ridge treatment yields. The treatments with no press
wheel, SRNC, TRNC, and FNC, gave yields of 5199, 3582, and 3907 kg/ba,
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 2l1-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 that, later 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

1:5



compact the surface layer of soil above the sgeeds 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 2 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. 1In 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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SOIL COMPACTICON AT SHALLOW DEPTHS AND CRCP GROWTH

R P, dgrawal, Soil Physieist,
Department of Seil Science,
Haryana dgril, University,
Hissar (Haryana) - India.

ABSTHACT s

Effect of artificial compact layers at shallow depth on the
growth and yield of irrigated crops ( msize, wheat, pearl-millet,
mustard, green gram and pigeon pea ) investipgated in fleld micro-
plots on a loam goil has been reported. The crop growth and yields
were adversely affected by a compact layer at shallow depth. To
compengate the early set back in growth by compsct layer, root and
plant growth continued for longer time. The reduction in the yield
of cereal crops was lesser than that of the other erops studied,
The results suggest that the crops having tap root system are more
suscaptible to sub-surface compaction at shallow depths than cerea.
1s crops having fibrous root systenm,

AT S

INTRODUCTION:

Mechanical manipulstion of soil forms & compact layer in
root zone at shallow depth. In soils having such a compact layer,
root growth and activity may be restricted as a result of mecheni-
eal impedence (Barley, 1963; Seangwan gt al. 1974), insufficient
aerastion ( Rickman et gl. 1966 ) and reduced uptake of nutrients
( Khenna et gl. 1974; Prummel, 1975 ), The restricted root develor-
ment may reduce plent growth and yield of crops. Under the situa-
tion, 1s it necessary to loose the dense sub-soll by deep plough-

ing to ensure maximum yield ?

At present, little brogress has been made toward a quanti-
tative evaluation of the allowable limits of compact layer at
shallow depth for different erops. With this view, this study was
undertaken to investigate the effeet of a compact layer at shallow
depth on the growth and yield of some irrigated crops.
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MATERIALS AND METHODS:

Replicated field miero-~plot experiments were conducted on
Hissar loam soil (81% sand,.21% silt and 18% clay) frem 1970 to
1974 with wheat, maize, poarl millet, mustard, green gram and
pigeon pea. The pH and EC of 1:2 soil water suspension and extract
vere 8.4 and 0,6 mmhos/cm at 25°C, respectively. The soll retained
18 and 7 per cent moisture at i/3rd and 15 bar, respectively. Three

sub-gurface cémpaction treatments were:
1)s Ne compaction (bulk density 1.4/1.5 g/cm3 ),
11). Moderate compaction (1.6/1.7 g/en>), nd

1i1). Severe compaction (1,8/1.9 g/cms) ag & 5 cm thin cempact
layer within 25 em of root zone., The bulk density of normal soil
was around 1,45 g/cms. The compact layer of desired bulk density
was prepared manmally with moist soil ( 17-18 per cent molsture )
before sowing of erope.

Plant height was recorded on different dates as growth index.
Root penetration was determined, either by placement of 2p below
the compact layer ( Sangwan gh al. 1974; Agsrwal et al. 1975 ) or
by excavation and washing, Final yield of grain and stalk was
recorded and percentage reduction in grain yield over no compaction
and meoderate compaction was caleulated, |

RESULTS AND DISCUSSICK:

1). Grop growthi= OCrop growth responded very clearly to sub-sur-
face eompaction ( Table 1). The significant differences in height
of maize, pearl millet and mustard at three, four and eight weeks
after sowing in presence of compact layer shows an adverse effect
on early growth. The di fferences in maize and pearl millet were
not significant at ten weeks after sowing, whereas significent
differences exigted at eleven weeks after‘ gsowing in mustard, Thia
envisages that crops with tap root gystem are more susceptible
to subesurface compaction at shallow depth than cereal crops like
maize and pearl millet with fibrous root system. Ssngwan et al.
(1974) conjectured that hard sub-soll horizons will do mere harm

to legumes compared to cereals having fibrous root system.Flant
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height at six weeks after sowing was reduced significantly in
green gram and plgeon pea by & compact layer at shallow depth,

Table 1. FPlant growth as affected by sub-surface compaction in

oerops.,
: NG.or PIant ReIght (on)
Crop Weeka after 5 g o c.b,
soving b=surface compaction a@
' * No. Moderate Sevare 5%
compé o= compaction compac-
tion. tion,
Maize (1971) 4 35,8 31,4 27,7  4.1F
10 204,7 189,7 176,0 NS,
Pearl millet 4 86,9 76.4 52.9 5,14
(1972) 10 191,32 176.4 158,7 N.8,
Mustard (1973) 8 37.0 29,0 21,0 2.4
1 98,2 86.3 76,7 7.3
Green gram (1974) 6 48,0 42,0 40,0 5.8
Pigeon Pea (1974) 6 68,0 53,0 52,0 6,2

Depth of rooting appears to be 8 function of plant height
(GhudvaL.g:. al. 1974), Sengwen ot al. (1974) and Agrawal et gl.
(1975) reported a considerable decrease in initial root penetra-
tion when & 5 cm thick hard pen of 1.6/1.7 and 1,8/1.9 g/em’
bulk density was present within 25 cm of root zone. With time,
more roots penetrated through hard pan, particularly in cereals.
Decrease in root penetration in presence of & hard pan was morse
in crops with tap root system than in cereals (Sangwan et_al.
1974), Root penetration as measured by 82p aetivity in plants
(wheat, barley, chick pea and pea ) on different days after
germination is shown in table 2, Wheat and barley seem to be
more tolerant to mechanical impedence in initial growth stages
than pea and chick pea. 4 restricted root growth under sub-
surface compaction, may limits the uptake of nutrients, Fried
and Broeghart (1967), and D-nielson (1972) reported reduced
uptake of phosphate on poor structure soils restrieting root
growth,
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ted with root growth,

Table 3, OGrain and stalk yield of crops as affected by suber:-face

compaction.
Crop Yield (g/m?)

_ Syb-surface compaction C.o.
No Moderate Severe &t
compac- compact- compac- 5%

tion ion tion
Wheat %rain 338 388 352 N,s,
(1970) Stalk 488 388 244 N.S,
Maize Grain ' 344 392 R38 N,S,
(1971) St alk 2182 1747 1456 .S,
Pearl millet Crain 736 708 564 NS,
(1972) Stalk 2766 2066 1600 800
‘Mugtard Grain 147 04 60 22,2
(1973) Stalk 580 438 228 119.C
Green gram Grain 140 96 83 24,1
(1974) Stalk - 172 102 76 28,3
Pigeon Pea Crain 64 39 17 11.7
(19744 Stalk 573 401 250 80,5

The reductlon in the grain yield of mustard, green gram
and pigeon pea was of the order of 20-4C per cent st mcderate level
of sub-surface compaction, whereas in cereals wither there was no
vield reduction or upto 5 per cent at th{s sub-gurface compacticn
(Table 4). Prihar gt al. (1973) reported no sdverse effect of

dense leyer st 22-26 cm depth on the yield of irrigated wheat.

Table 4. Yield reduction (%) et moderate and severe sub-surface

compaction,

Crops Reduction st Reduction at Reduction
moderate com= gsevere compa- &t severe
raction over ection over compaction

control. control, over moder-
ate compac~-
tion.

Wheat (1970) 15,3 +4,7 +0,3

Maize (1971) +14,0 30,8 39.3

Pearl millet (1972) 3.8 23,3 20.3

Mugtard (1973) 36.1 59,2 36.2

Green grem (1974) 31.4 S 40,7 13.5

Figeon Pea (1974) 39.1 73,4 5645

+ indicates percentzrc increase.
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it gevere subw-surface compaction, the grain Yield of erops reducsd
2.3 the reductions were of the order of 4C70 per cent In crops with
top root system. The reduction in meize and pearl millet was of the
srder of 23 to 3C per cent at this sub-surf-ce compaction. The pres-
ter yield reduction in erops with tap root system ave attributzd to
the limited root zcone or poor contzct of voots with soil particles
az the tsp root growth prectically cesmses when encownters a high
strength pan at shallew depth, Weight of mustard roots at flowering
wed Se7, 262 and 1.7 g/plant at no compasticn, moderate and severe
compaction, respectively. - “he lateral growth of roots over hard-
pan was much more in cereels than in legumes (Asrawal gh al. 1975;
Ssngwan gh &l. 1974) snd this incressed root proliferation appears
to reduce‘tbe stress level at which the plant could obtained water
supply and nutrients. Lowry gt al. (1970) reported restrieted

water supply due to limited rooting volume under subesurface compac-
tion, The effect of sub-surface compsction on plant growth and yield
particulariy in cereals could be reduced by higher nutrient dressi-
nes and frequent irrlgstions, but crops with tap root system be

svolded or Adeep tillage to break the hard pen be practised for pre=-

ter vield,

Author is thankful to i). Indian Coumncil of Acricultursl
Regearch, New Delhi, for financial &ssistance wnder Improve-
ment of Soil Physical conditions to increase production of
problematic arcas project and 11), Frofessor & Head, Dertt,
of 3oils, and Director of Research, Haryana Agricultural
University, Hissar, for their keem interest.
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NO-TILLAGE PRODUCTION MANAGEMENT SYSTEMS FOR HILLY TERRAIN

0. L. Bennett, E. L. Mathias and P. E. Lundberg
USDA-ARS, Division of Plant Sciences, West Virginia University,
Morgantown, West Virginia 26506.

ABSTRACT

F'ield studies were conducted in the Appalachian mountain area
to determine the feasibility of growing corn (Zea mays L.), a sorghum
sudan hybrid (Sorghum halepense (L.) Pers.) variety Sudax, and other
plant species in sods of several grass species. The objective was to
develop management systems in which row crops can be grown in sod
suppressed by herbicides to provide a continuous cover for water
retention and reduced soil erosion. Silage yields of corn and sudax
grown in suppressed sods of smooth bromegrass (Bromus inermis Leyss.),
orchardgrass (Dactylis glomerata L.), and Ky-31 tall fescue (Festuca
arundinacea Schreb.) was equal to or greater than yields with con-
ventional tillage. Timothy (Phleum pratense L.) and bluegrass (Poa
pratensis L.) were killed with low herbicide rates.

INTRODUCTION

Reduced or no-tillage corn production systems have been studied
by several workers (1, 3, 4, 6, 7, 8). Most of these studies were
conducted in previously killed sod or in corn stubble on Class I or
IT land. In hilly terrain, no-tillage systems can significantly
reduce runoff and erosion until the killed grass mulch is lost, but
then the area must be reseeded to prevent major soil erosion (2, 3,
5). Therefore, a no-tillage system with a suppressed, rather than a
killed, sod would be highly desirable. In developing such a manage-
ment system, the choice of sod species is a predominant factor. For
hilly terrain grass species that have a wide herbicide tolerance
range and can remain semidormant for long periods and then rapidly
recover are highly desirable (2, 3).

EXPERIMENTAL PROCEDURE

Field studies were conducted from 1966 to 1968 in West Virginia
on a Ultic Hapludalfs, fine-loamy, mixed, mesic soil to determine the
effect of two rates of atrazine (1.7 and 3.5 kg/ha) with 0.56 kg/ha
of paraguat on silage yields of corn no-till planted in smooth brome-
grass (Bromus inermis Leyss), orchardgrass (Dactylis glomerata L.),
timothy (Phleum pratense L.), Ky-31 tall fescue (Festuca arundinacea
Schreb), or Kentucky bluegrass (Poa pratensis L.). A split plot
experimental design was used in which sod species and tillage systems
were maln plots and atrazine rates were subplots. Each plot had five
replications. Hay was harvested annually in May and plots were
fertilized uniformly with a broadcast application of 112, 49, and
142 kg/ha of N, P, and K. New Jersey-8 variety field corn was
planted on June 6, 1966, and June 10, 1967, with a specially designed
sod planter. Atrazine and paraquat were applied immediately after
planting.

A second study was conducted in 1968 and 1969 near Morgantown,
West Virginia to determine the effect on silage yield of removing
the hay vs. leaving it as a mulch. New Jersey-8 variety of field
corn was no-till planted in June at 50,000 plants/ha in Ky-31 tall
fescue and orchardgrass sod on an Aquic Hapludult, clayey, mixed,
mesic soil with a 15% slope. Treatments included two rates of
atrazine (2.24 and L4.48 kg/ha) in combinstions with two rates of
paraquat (0.28 and 0.56 kg/ha) on each sod species both with and
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withcut hay removed. A spilt-plot design with fcur replications was
used with sod species as main plots, cutting treatments of forage as
subplots, and herbicide rates as sub-subplots. All plots were fer-
tilized uniformly with a broadcast application of 168, 49, and 93
kg/ha of N, P, and K. Corn was harvested for silage when in the late
dough stage.

A third study was conducted in 1970-72 on an Aquic Fragiudults,
fine-loamy, mixed, mesic soil with a 12% slope to determine effect of
atrazine rates on bromegrass hay yields and silage yields of corn no-
till planted in bromegrass sod. Atrazine was applied at 1.68, 2.24,
2.80, 3.36, 3.92, and L4.48 kg/ha with 0.56 kg/ha of paraguat. A crop
of hay was removed annually and the area fertilized with 224, 73, and
139 kg/ha of N, P, and K. Plots were then sprayed with appropriate
herbicide rates and planted to S5-866 variety of field corn. A
randomized complete block experimental design with four replications
was used.

A fourth study was conducted in 1969 and 1970 to determine the
potential of interseeding Sudax (Sorghum halapense (L.) Pers.) a
sorghum~sudan hybrid, into stands of Ky-31 tall fescue, orchardgrass,
or timothy without killing the grasses. Paraguat was used at O,
0.28, and 0.56 kg/ha in a randomized complete block design with four
replications. Sudax was planted in 38-cm rows at the rate of 28
kg/ha on August 15, 1969, and June 17, 1970, using a sod planter.

One harvest was made in 1969 and two in 1970. Yield determinations
are based on plant samples oven dried at 65 C. Plots were fertilized
each year with 118, 34, and 65 kg/ha of N, P, and K.

RESULTS AND DISCUSSION

In 1966 and 1967, uniform populations of corn were obtained in
all sod species. Corn grew faster in bromegrass sod than in sod or
other grass species both years; however, corn grew faster in sod of
all five grass species than when grown under conventional tillage.

In 1966, the faster growth of corn in bromegrass sod continued until
early tasseling, at which time the plants showed N deficiency.
Bromegrass regrowth was heavy, especially at the low rates of atra-
zine, and N supply was insufficient for optimum growth of both corn
and bromegrass. An asdditional 90 kg/ha of N was applied to all plots,
but corn yields in bromegrass plots was lrreversibly reduced. In
1966, corn silage yields from no-tillage plots were highest in tall
fescue sod with the 3.h-kg/ha atrazine rate and lowest in bluegrass
sod at the 1.7-kg/ha atrazine rate (Table 1). The lowest yield (27.1
t/ha) was from the conventional tillage treatment with 3.4 kg/ha
atrazine. Much of the yield difference in sod-planted corn could be
asgoclated with the substantial regrowth of bromegrass, orchardgrass,
and tall fescue at the lower atrazine rate.

Significant yield differences were again associated with sod
species and atrazine rates in 1967. The highest yield (72.7 t/ha),
produced in bromegrass sod with 3.4 kg/ha of atrazine, was more than
double the yield from conventional tillage plots at the same atrazine
rate. Corn silage yields in bromegrass, timothy, orchardgrass, and
fescue scds were higher with the higher rate of atrazine; however,
gsilage yields in Kentucky bluegrass sod were lowest at the higher rate
of atrazine. Silage yield differences were again associated with
rates of atrazine and scd regrowth of bromegrass, orchardgrass, and
tall fescue. At the low atrazine rate, orchardgrass crowded out the
corn, resulting ir no silage yield. However, corn silage ylelds were
good in orchardgrass at the higher atrazine rate.

The major objective of this study was to determine if sod-planted
corn can he grown in a double-cropping system with hay removed in the
spring and followed by & corn crop. All plots were harvested for hay
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Table 1. Effect of rates of atrazine on silage yields of corn sod
planted in five grass species, and on hay yields in the spring
following corn harvest, Point Pleasant, West Virginia.

Silage yields-35% DM Hay yields-DM
Sod 1966 1967 1967 1968
Species  Atrazine-kg/ha Atrazine-kg/ha Atrazine-kg/ha Atrazine-kg/ha
1.7 3.4 1.7 3.4 1.7 3.4 1.7 3.4

—————————————————————————— t/ha = e

Bromegrass 33.2  35.2 65.6  T2.7 b, o 3.2 b9 oL
Timothy b1.7  39.9 59.2  63.2 0 0 1.8 0
Bluegrass 31.8 LoO.L sh, 7 L6,2 0 0 0.1 0
Orchard-

grass 32.3 38.8 0 Lg.2 2.5 0.7 Lhoh 0.8
Fescue ho,6 L6, L 18.4 66,4 3.1 2.2 L. L 1.3
Plowed 28,2  27.1 L6.0  30.7

LSD 0.05 L.95 T.11 0.94 . 0.97

yields each year immediately before corn was planted. Hay yields in
1966 before herbicide applications ranged from about 2.4 to almost
4.0 t/ha depending on the species. Hay yields in the spring of 1967
varied widely among species due to atrazine rate (Table 1). Atrazine
killed timothy and bluegrass. Bromegrass, orchardgrass, and Ky-31
tall fescue made good recovery after the first corn crop. Hay yields
were highest at the low atrazine rate, with bromegrass producing the
highest hay yields of any species at both atrazine rates. The small
timothy and bluegrass yields in 1968 at the low atrazine rate were
due to natural reseeding, not from sod recovery. After 2 years of
double cropping for no-till corn and hay production, grass stands
were excellent (nearly 100%) for bromegrass, orchardgrass, and tall
fescue at the low atrazine rate and averaged approximately 85% for
bromegrass and tall fescue at the high atrazine rate.

Silage yields from corn sod planted in orchardgrass and tall
fescue as affected by rates of atrazine and paraquat and removal of
hay are given in Table 2. Average hay yields before planting corn
in 1968 were approximately 4.7 and 6.5 t/ha for orchardgrass and tall
fescue, respectively. In 1968, corn silage yields were highest (38.6
t/ha) when planted in uncut orchardgrass sod at the higher rates of
atrazine and paraguat. Corn silage yields in orchardgrass sod were
higher for most treatments in the uncut grass than where hay was
removed, except where the lower rates of atrazine and paraguat were
used. Conversely, silage yields in tall fescue sod were always
greater when hay was removed. When tall fescue hay was removed, corn
silage yields did not differ among atrazine or paraquat rates. When
tall fescue hay was not removed, yields were significantly increased
by using the higher atrazine rates and by the higher paraguat rate
applied with the lower atrazine rate. Evidently, the heavy grass
growth harbored injurious insects, shaded the early corn plant
growth, and caused some competition for soil moisture and nutrients.

In 1969, corn silage yields were highest in the uncut plots of
both orchardgrass and fescue when 2.2L4 kg/ha of atrazine plus 0.56
kg/ha of paraquat were applied. The high rate of paraguat increased
yield of corn in orchardgrass sod whether the hay was removed or left
uncut. BSince paraquat is a contact herbicide, this increased silage
yield probably represents a faster kill of the orchardgrass with
resultant less competition for available soil moisture. Corn grown
in tall fescue sod also produced higher yields when treated with 0.56
kg/ha of paraquat except on the uncut plots at the high rate of
atrazine.

Grass recovery was considerably less at the higher vs. the
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Table 2. Effect of atrazine and paraquat applied on two sod species,
with and without hay removal on silage yields of sod planted corn.
Corn Silage Yields (35% Dry Matter)

Treatment 1968 1969
Herbicide Ky=31 Ky-31
rates Orchardgrass Tall Fescue Orchardgrass Tall Fescue
Atra- Para- Hay Grass Hay Grass Hay Grass Hay Grass
zine guat Removed un-cut Removed un-cut Removed un-cut Removed un-cut

kg/ha kg/ha —-=m—e e e e t/ha wem
2.24 .28 32.2 21. .0 38.2 31.8 61.4  55.7
2 34.h k1,2 53.8 60.2
2 49.6 55,2 66.6 T72.8
1 48.3 Lo.7v 60.7 60.9
.13 LL.88 uh.h8  60.63 60.L

8 17
L.48 .28 28.5  35.7 eo.
2.24 .56 32.2  33.7 30.4 19
L.48 .56 34h.0 38.6 22

Average 31L.73 32.4 20

Conven, Tillage 17.19 )

Statistical analysis probability levels at which F ratios are

significant: Between sod species - .01 (1968) and .001 (1969); Hay

removed or uncut - .05 (1968) and N.S. (1969); Between rates of
paraguat - N.S. ) ;

lower atrazine rate. However, sufficient grass was present to pro-

vide a good mulch at both atrazine rates. The higher paraquat rate

was more important when the grass was left uncut than when harvested
for hay. This would be expected since additional paraquat was needed
to guick-kill the large quantity of plant growth present and thus
avoid appreciable soil water loss by transpiration. In general,
silage yields from corn sod planted in both grass species were higher
than yields from conventional tillage in 1968, but only from tall
fescue in 1969. The merits of leaving a large amount of plant
material as a mulch rather than removing it as a hay crop is question-
able. Apvarently, sufficient mulch is left when the grass is cut for
hay to provide adequate soil protection and reduce evaporation.
Additional studies were conducted in 1970-1972 to determine the
most desirable rate of atrazine for use on bromegrass in a continuous
hay-no-tillage corn production system. The effect of rates of
atrazine on hay and corn silage yilelds are shown in Table 3, Corn

> 30.22

Table 3. Effect of rates of atrazine on corn silage yields sod
planted in bromegrass and bromegrass hay yields, Morgantown, W. Va.

Treatment¥ 1970 1971 972
Atrazine Silage Hay Silage Hay Silage
kg/ha =~ = @ e t/ha = e

1.68 22,0Q9e%* 4.03a 31.05c¢ 3.54be  Lh.8La
2.0k 33.654 3.5hab 31.17¢ b, k8ab  38.33¢c
2,80 57.08b 3.0Lbe 30.3ke Lh,0lbe  Lh,58a
3.36 L8.67¢ 3.29ab 31.67c 5.15a 39.75c
3.92 55.96b 2.70bc 41.38a 3.11lcd  L2,82bc
4, L8 64,6648 2.10¢ 39.33b 2,864 413, 70ab

*

In addition all plots were sprayed with 0.56 kg/ha of paraquat.

¥¥% Values followed by same letter for treatments within same year are
not significantly different according to Duncan's multiple range test.
silage yields generally increased with increasing rates of atrazine
in 1970 with the exception of the 3.36-kg/ha rate. Yields ranged
from 22.1 to 64.7 t/ha and were generally in proportion to the re-
growth of bromegrass sod. Hay yields in 1971 ranged from 2 to 4 t/ha
and decreased with increasing atrazine rates. Even at the highest
atrazine rate (4.48 kg/ha) bromegrass had appreciable regrowth. The
1971 corn silage yields were nearly equal for the 1.68- through the
3.36-kg/ha atrazine rates. Only the 3.92 and 4.48 kg/ha atrazine
rates produced higher ylelds. 1In 1971, corn silage yields were
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reduced by wind damage. In 1972 the hay yields taken before
planting corn show an increase for the 1.68- to the 3.36-kg/ha
atrazine rates. One would normally expect a reduction in bromegrass
regrowth after 2 years of atrazine applications, but increased hay
yields were obtained at all but the highest atrazine rate. Silage
yields of corn in 1972 did not differ significantly between the low-
est and highest rate of atrazine. Bromegrass stand was excellent on
all plots after corn harvest, indicating that a double-cropping
system using bromegrass for both hay and corn is feasible. At all
locations, live bromegrass actually stimulated the corn growth.

Yields of Sudax planted into sods of three grass species as
affected by paraquat treatments are shown in Table L. In 1969,
yields were small because sudax was not planted until mid-August.
However, sufficient information was obtained to indicate the feas-
ibility of this production technique. Good stands of sudax were ob-
tained in all grass species, even when no paraguat was used to
suppress the sod. BSudax yields in fescue sod were highest without
paraquat application. Sudax in orchardgrass sod produced the highest
yield when 0.28 kg/ha of paraquat was applied. Yield of Sudax grown
in timothy sod increased with increasing rates of paraquat.

The two harvests of sudax made in 1970 had comparable yields.
Rates of paraquat had little or no effect on total yilelds of sudax
planted in any of the three sod species. These data indicate that
good yields of sudax interseeded into existing sod, can be obtained
providing that the sudax is planted soon after grass is harvested to
avoid appreciable grass regrowth. Good regrowth of the three sod
species were obtalned after sudax was harvested.

Other studies have been conducted in West Virginia on the no-
tillage technique for production of potatoes and tomatoes. In
general, both of these species have yielded significantly higher when
the no-tillage production technique was used as compared with
conventional tillage. More than 64 t/ha of marketable tomatoes were
produced where tomatoes were no-till planted in rye sod. Potato
yields, when no-till planted in rye sod, averaged more than 33 t/ha
over a 3-year period.

Table 4. Hay yields of Sudax interseeded in three sod species
sprayed with three rates of paraguat, Morgantown, West Virginia.
Sudax hay yields

1969% 1970
Sod First Second Total
Species Paraguat Cutting Cutting = Harvest
kg/ha t/ha

Fescue 0.00 1.8 5.3 L.6 9.9
0.28 1.3 4.8 5.9 10.7
0.56 1.6 5.0 6.2 11.2

Orchardgrass 0.00 1.0 4.8 4.0 8.8
0.28 1.9 5.0 L.o 9.2
0.56 1.7 5.0 ) 9.2

Timothy 0.00 0.9 5.4 5.1 10.5
0.28 2.2 5.4 h.o 9.4
0.56 3.7 5.0 6.0 11.0

LSD 0.62 N.S. N.S. N.S.

¥Planted in August
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ABSTRACT,

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,

So0il 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.o. 1966). Samples smaller than this represen-
tative volume will show an increasing variability with a decrea-
sing sample volume. In table 1 samples of 80, 40 and 20 cc from
a tilled and untilled heavy marine silt soil are compared.

volume standard deviation
table 1 PeVe ce) 80 40 20
(v/v)

ploughed | 45,7 3,21 3455 3,7k
untilled | 38,4 1,49 1,55 1,67

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 ¢c are prefer-
red for homogeneity determinations based on total pore space.

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).

depth | p.v. root dry corr.

table 2 (em) (v/v) weight coeff,
(mgr)
X i y = ax + b Sa r

ploughed | 2-7 | 55,1 28,8 |y = 0,2x + 20,7 [0,72 [ 0,03

12-17 | 50,9 17,5 |y = 1,2x - 41,2 | 0,54 | 0,33

22-27| 50,9 1,5 |y = O,kx - 10,7 | 0,47 | 0,15
untilled | 2-7 | 48,2 35,4 |y = 1,bx - 31,0 | 1,22 | 0,18

12-17| 47,3 13,0 |y = 2,3x - 93,8 |0,64 |0,50

22-27| 47,8 9,0 |y = 1,2x - 50,1 {0,88 {0,22

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.



2, VARIABILITY OF PORE STZE 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.o. 1976 (1)). A procedure has been developed for measuring
directly the number and spatial distribution of different pore
size classes on large seriesz of soll samples. Air dry undistur-
bed soll samples 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) guantitative measurements can be made very fast (Jongerius
197%), Pores down to about 90 pm are measured quite satisfacto-
rily. It may be necessary to exclude parts with shrinkage cracks
from measurement, Cn a heavy marine silt soll a 5 years untilled
plot and a ploughed plot were compared, The relation bhetween a-
mount of pores over a certain size and pore space in the sample
can be determined for beth structures. It appears that these re-~
lations are clearly different for these two structures (fig 1).

vole.%
12Mpores >90 um
>500 um
8-
590 P!
P Ve ploughed  ———ee
s - 4
4_}/ ///)5000 jam untilled - -
2500 pm )
. .
. yd
i Z// p.v.
0 .q./_)iQO.D lm 1 (V/V) figo‘i
b1 hg Lo

Cn the ploughed soil nearly half the volume of pores »90 um are
pores > 3000 pm, On the untilled soil this is far less. At the
same total pore space the untilled soil is containing a higher
volume of pores between 90 and 3000 um and especlally in the
range 90 « 500 am.

The standard deviation of wolume of different pore size classes
is higher the larger the pores are. In the nloughed goil stan«
dard deviation of pore yolume for pores >3000 pm is 120% (~1O L),
for pores »500 um 61% (- 6 3) and for peres »90 um 43% (% b b)),
The number, spatial dlstrlbution and continuity of the large po-
res are very important in relation to the scil physical growth
factors as well as rootability. It appears that if soil structu-
re 1s to be characterized by large pores, homogeneity is likely
to be less than if total pore space is regarded.

%, HOMOGENEITY OF ABRATION CHARACTERISTICS.

Aeration of a wetl goil depends to a large extend on continuity
of the system of large pores. Mean aeration of total soil mass
of an untilled soll 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
{Boone a.o. 1976 (1)), Nevertheless rooftgrowth needs not to be
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really hampered as long as sufficient places with an adequate
aeration excist. Root volume will never be more than a few per-
cent of the volume of the tilled layer even with very luxurious
rootgrowth. Oxygen concentration in the gasphase depends on the
equilibrium between supply and removal of oxygen. Both change
continuously, supply by changes in water content and consumption
by extension of the root system and by changes in microbial ac-
tivity. Moreover all these aspects depend largely on depth and
even at constant depth there are large local differences.

In soil tillage experiments 1t turned out that variability in
oxygen content is greater the lower the mean oxygen concentra-
tion is. Low mean oxygen concentrations, with a high standard
deviation were observed especially below rooting depth in the
first stages of crop growth. Variations in oxygen concentration
therefore are primarily related to the oxygen supply. Lowering
soil water tension 1s accompanied by local steep decreases in
gasdiffusion. These spots are characterized by a relatively low
number of continuous pores filled with air at that particular
soil water tension. The interconnected parts of the soil with a
relatively high number of large pores will contain most roots.
So it seems likely that the number of spots with a good aerati-
on is a better criteria for rootability than the mean aeration
status.

The oxygen diffusion rate (0.D.R.) emphasizes the oxygen diffu-
sion in the thin saturated soil layer around the root. The root
is simulated by a platinum wire with a length of about 1 em, so
local conditions are very important for the results. In a very
dense soil water content by weight at field capacity is lower

0.D.R. water cone
(10-8g Oa/cmaomin.) tent (W/W)
| 20-21%
untilled 21=22%
100 - * 21-22%
23%=24%
24 -25%
80 ploughed 25-26%
26=27%
or fig.2
"' *
X .
4o |-
X
20 4 - =~
PeVe.
X
0 Y/ ' i i | \ SV/V)
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than in a loose soil (Kuipers 1961). This is the mean reason that
O0.D.R. at field capacity in an untilled soil is almost as high as
in the ploughed soil. At the same time variability in 0.D.R. is
higher with lower total pore space (fig.2; heavy marine silt soil
at pF 2,0),

Especially in a very dense soil small variations in pore volume
and/or water content have an enormous impact on Q.D.R. Variabi-
lity of O0.D.R. inside undisturbed core samples 1s even higher
than between samples. The percegtage of spots with a insuffici=-
ent aeratioen (0.D.R. €20 x 10 “g Oa/cm .min) is higher in a un-
tilled soil and this holds also for lower suctions (table %)

DoV 0.D.R. (10"8g Oa/cma.minq)
Table 3 (v/v) pF2,0 pF1,7 pF1,3
y l %<20 y ‘ %<20 y ’ %<20
ploughed | 46,0 57, k4 16 36,3 39 17,k 67
untilled 39,1 40,1 | L3 27,1 5% 12,4 82

It can be concluded that homogeneity with respect to aeration is
not likely to be related in a simple way to homgeneity of pore
space distribution, because of the sharp reactions observed by
minor changes in pore space and molsture content especiaslly in

a dense soil.

4, SOIL STRUCTURE AS A RISK FACTOR,

Soil environment influences the length and proliferation of a
root system, not the diameter of single roots. Root diameter of
even fine rooted crops exceeds 100 um. Soil exploration is ini=-
tiated by rcots of a lower order (e.g. main roots), prolifera-
tion mainly by roots of higher order. Relatively thick roots are
important in the first stages of rootgrowth and also with respect
to ultimate effective rooting depth.

In a homogeneocus soil with pores smaller than roots (made by dry-
ing a puddled soil to pF 2,0) reasonable rootgrowth could only

be obtained 1f the water content was kept rigidly constant. It
was observed that on this occasion rootgrowth rate of flax at pF
2,0 was about half of the rate obtained in the c¢ontrol, with a
favourable structure. In general, the better soil structure is,
the less critical water content will be. Therefore scil structure
should be judged in dependance of soil water conditions to be ex-
pected (Boone 1976 (2)).

Crop reactions can be expected when there is an unbalance between
crop demands and availability of water, ions and oxygen te plant
roots., A smaller root system increases the probability of crop
reactions, especially under marginal conditions. Therefore early
stages of crop growth are more likely to be influenced (Finney
and Knight 1973). For different crops early growth may be impor-
tant for different reasons. Spring barley e.g. has a short gro-
wing season and for sugar beet date of crop closure is importante.
In general root growth retardation leads to a lower ultimate
rooting depth and/or lower root density. Twe remarks should be
made, Root density is sometimes higher than normal below a layer
with restricted rooting (compensation). In the second place roota=-
bility of soil below the arable layer may be low for various rea-
sons even if visually soil structure seems quite adequate.
Heterogeneity of even very dense soil structures in the field is
higher than in model research with compacted aggregates., This com=-
plicates interpretation of functional relationships between soil
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physical factors and root growth. It may also offer new pers-

pectives if a physical description of the soil and an empirical
rootability determination are cocmbined, A rootability index carn
be defined as the relative root growth rate of undisturbed sam-

ples compared with a standard soil structure of the same ”011
with a known very high rootability. The rootability can e:

be ftested when a very high number of roots is offered to 2 test

structure during a certain time under standard environmental

conditions. Tests at different soll waler regimes will give in-

formation on maximum root growth rate as well as on root
flexibilifty. Soill structures with a higher flexibility are re-
garded to be favourable. A safe lower limit of soll structure

can be found by comparing the number, area and distribution of
the spots that have a high roctability even under extreme con-

ditions with root density considered necessary at that time an:

depth in the soil profile. Feor less favourable soll structures
risks involved may be evaluated by such comparisons.

5o PORE AND ROOT GEOMETRY.

On a good structure there are more roots than really needed.
Simulation (van Keulen a.o. 1975) suggests that root density
of active roots need not to be high., Root pattern and density
can be changed by modifying artificially the number, dimen-
sion and distribution of the large pores in a very dense soil
(fig.3; pore space 33%; root density (cm/cm3) after four weeks
(flax)).
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Even with a rigid controlled walter system roots grew in s =soil
with a pore volume of 3%33%, Neverlheless striking differences
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were found in root- and sproutgrowth when artificial channels
were introduced. In order to reach the same root- and sprout-
growth guite a number of artificial pores are needed. In this
respect slots are already better adapted to the root system than
single vertical channels. Abrupt variations in soil structure
decrease root extension very much. Compensational rooct prolife-
ration takes place in the spots with a high rootability. Later
on when available pot volume is a limiting factor the differen-
ces decrease but do not disappear even not in sproutgrowth.
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ABSTRACT

The three-~year comparative studies of different waye of
sedbed preparation for maize in combination with mineral
fertilizers, in the conditions of the semi-humid climate i
the continental part of Croatia, on lessivé brown soil on
sandy substrata, did not show any expressed gain for maize
vield in any of the studied ways of seedbed preparation,
eitner by the aggregate roller-cultivator-roller or disc-
harrow or combined implement. Tven direct sowing into the
furrow appeared egually 2cceptable, Fertilizing had a sig-
nificant effect and was dominant in relation to different
ways of seedbed preparation.

The practices applied in the trial brought about positive
changes of some chemical and to a smaller extent physical
proverties of the soil, but they were not significant,

IRTRODUCTION

Recently, new trends have appeared in soil tillage,aiming
at a reduction of the costs and labour in the tillage itsel
and also in other practices 1in crop growing, provided the
same Or higher yields are obtained. Thus, the main objecti-
ve 1s the rationalization of the ovroduction process, depen-
ding on eccological conditions and crop requirements, the
latter being the decisive factor for the scope of rationa-
lization.

[

Rationalization or minimization of soil tillage, in gene-
ral, and also for maize, up to its complete omission, has
been the subject of a number of recent works (B 1 a k e and

Aldzrich, 1955; - u s o r a v e, 1955 and 19563H r e «,
190y Mayer and M annering, 1981; ¥ r e e et
8l.,196%; © i ngh et 2al.,1966;T r i p l et £,19665G r i~
fith etel.; Jd ones et al., 19683; I vanov et
al.,1971y 6z ipo sz, 1672; Bakermamns and de
Vit, 1973; Van Doren and Triplett, 197%;
il o Jicé, 1975; Kaposzta, 1975 and others).

There are many factors which have to be considered when
reducing tilling practices, so that various ways of seedbea
preparation for maize, ecpecially if the compensating effect
of fertilizing is taken into account, offer possibilities of
reducing the number of operations, particularly on soils
with favourable physical properties, primarily well drained,
Cur investigations should be taken as an attempt to assess,
as objectively as possible, which system of tillage is opti-
mal in given conditions. Thus, in case of wminimum tillage,
it is hard to believe that this system could be acceptuble
in our conditions in its totality, but there is no doubt,
that it is not only possible but also necessary to reduce



tilling operations without adversely effecting the yield.
This was taken as the starting point for our investigations,
at the first stage of which there was only a certain reduc-
tion of the tilling overations in the seedbed preparation
for maize, with complete omission of cultivation in the co-
urse of the growing period. These preliminary studies were
followed by more extensive investigations, including also
the no-tillage system.,

INVESTIGATION METHODS

The trial was stationary,lasted for three years, and was
carried out according to the modified split-block scheme
in four replications. Four seedbed preparation variants we-
re studied in combination with four fertilizer doses for
maize, hybrid RBe-~SKS5A. The basic tillage, together with ba-
sic fertilizing with phosphorus and potassium fertilizers,
and partly nitrogen fertilizers, was carried out in autumn,
at the average depth of 25 cm. The following ways of seedbed
preparation were investigated:

1. S0il preparation by the aggregate roller-cultivator-
roller (I); 2. Soil preparation by disc~harrow (II); 3., So-
wing directly into furrow (III); and 4. Soil preparation by
combined implement (spring tooth harrow — bar roller)(IV),

The seedbed preparation was preceded by pre-sowing nitro-
gen fertilizing, which was accompanied by starter fertili-
zing with complex fertilizers, sowing and herbicide appli-
cation,

The fertilizer doses, adjusted to the nutrient content in
the soil, crop requirements and investigation character, we-
re, besides check, the following: low = Nypo Pigg Kigo; me-
dium = Nygo P1ao Kige 8nd high - Noo, P1ge Kopee

INVESTIGATION RESULTS
A) Yield

When analysing the effects of the investigated factors,
that is tillage, fertilizing and their combinations, it sho=-
uld be firstly stressed that fertilizing was highly signifi-
cant in all three experimental years (Table 1). The seedbed
preparation was significant only in the first year.

If further analysis is made of the cbizined results effect-
ed by the tillage itself, not taking into account the border-
line differences, the seedbed preparation with combined im=-
plement was the best in two of the three experimental years.
Howeyer, it should be mentioned that in the second year, di-
rect sowing was the best, which also in the third year ap-
proached the best treatment. In the first year, all the ot-
her three treatments were significantly better than direct
sowing into the furrow. On the otner hand, the tillage with
combined implement was significantly better than that with
disc~harrow. In the second and vhird years, the tillage, as
already mentioned, was not significsnt, which is confirmed
by the borderline values, which are given contrary to the
usual practice. Thus, if there seems to be an advantage of
any of the studied trestments, it is, accordingly, relative.

On the other hand, under the influence of fertilizing the-
re is a steady increase in the yield parallel to increasing
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Pable 1 = urain yield of maize, gq/ha and some cheumical
and physical properties of soil

Treatnent

O

d

—

e

Base

S hurae-

Lion, s

| ; J
11971, 1972, 1973, 1971. 1973, 1971. 1973. 1971. 1973

1971. 1872.1973.

Seedbed preparation

I 1517 720 &8 98 1llo  G8 125 538 945 ALD 204 238
1T 1298 T4 834 91 123 92 141 547 H56 41 k7 245
III 1195 798 866 9% 119 94 135 386 554 448 257 1o
1V 1579 762 887 92 125 92 144 33% 551 366 218 70
can P=5% 0 769 87 16 27 21 28 43 13 78 45 40
;”DD F=1% IL1 95 1o 72 38 40 4o 61 18 IIg 6f o)
‘ L == ==
fertilizing
| R,
I 11115 590 397 85 lol 84 133 354 571 417 257 208
II 11294 797 902 93 lo9 93 125 %59 545 405 214 5U
III 1376 805 lol8 95 1%2 95 155 333 520 490 224 28
IV (1403 862 1078 log 137 lof 127 257 556 441 214 242
Lep P=S% 68 lop 122 13 49 13 24 43 gz 58 46 50
= P=1% 1oz 152 186 =20 59 20 37 85 28 88 67 OO
Seedbed preparation x Fertilizing
I & 1113 520 369 81 99 8l 120 538 S73% 415 260 L
IT 9 1093 577 4ol 9o G4 Yo 124 342 570 485 260 195
ITI o lo4o ©78 424 Yo loo Yo 142 3798 574 448 247 227
IV ® 1211 583 391 78 1llo 76 162 328 568 527 260 195
I 1%09 747 856 loo 112 loo 124 320 546 469 216 o
II . 1320 788 858 91 lo4 91 124 381 542 4oo 247 =1
IIT o 1182 8§48 938 81 112 81 121 39l 549 373 247 1+
IV 7 1%62 800 956 loo 109 lop 123 346 538 376 218 292
T 5 1458 797 998 111 1lo 111 14o 324 S1A 534 182 270
II .5 1%67 85% looy 84 136 84 156 31lo BUA 42) 260 237
III T 1247 785 991l lop 138 loo 126 378 524 516 254 260
IV & 143% 780 lo8 85 145 85 154 319 547 584 231 18/
T <1384 818 loo? 99 118 99 115 %0 5%9 431 234 206
II & 1409 877 lo69 loi4 159 loi 131l 354 568 So2 251 238
IIT ., 13141 872 11lo9 lo6 125 lop 126 366 570 454 251 195
IV & 1507 882 1122 1lob6 140 lof 1%5 378 550 385 182 249
Lsp P=5% 247 15 15 34 62 29 46 134 71 177 8l 1°%
Y P=1% 325 200 20l 48 &5 4o 64 184 98 243 112 170
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fertilizer doses, particularly when changing from unfertili-
zed to fertilized variants, If the yields are analysed per
vears, this increase 1is significant in the first year bet-
ween the unifertilized treatment and the other three ferti-
lizer rates. There is a significant yield increase of the
medium and high in relation to the low fertilizer doses.In
the second year, there is also a very significant differen-
ce between the unfertilized and fertilized treatments,There
are no significant differences between fertilized treatments.
In the third year, a highly significant difference appears
between the unfertilized and fertilized treatments, while
within the fertilized treatments there is a significant dif-
ference only between the low and high fertilizer doses.,

The total yields per years give a certain insight into the
common effect of the tillage and fertilizing treatments. A
certain, though not the expected, degree of interaction is
noticable. The best combination of the trial was that of the
seedbed preparation with combined implement and high ferti-
lizer dose. As a rule, the highest significance is recorded
between the fertilized and unfertilized combinations,higher at
higher fertilizer doses, With the further increases of fer-
tilizer doses, the significant differences between them are
either poorly expressed or non-existent. The differences in
vield, irrespective of treatments, in particular years are
relatively high, especially between the first and the other
two years. They can be explained by hydrothermal relations,
and also by the fact that the growing of maize in the trial
was preceded by the annual growing of maize, which was pre-
ceded by perennial growing of lucerne.

B) Applied mechanization

The seedbed preparation implement were aggregated with a
wheel tractor of installed engine power of loo HP. The aggre-
gates roller-cultivator-roller -~ planter and disc-harrow -
planter can achieve the working speed of 9 km/h, and utilize
70% of the gross working time for productive work. The work-
ing performance of these aggregates with the 4-row planter
is 1.76 ha per hour of gross working time, and 2.65 ha with
the 6-row planter. The aggregate planter unit with tines be-
fore the seed opener has the working speed of 7 km/h and
utilizes 70% of the gross working time. The performance with
the 4-row planter is 1l.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 carried
out as a separate operation, and so is the sowing with the
8=row planter. The working speed of both operations is lo km/h,
and the utilisation of gross working time is 90% in seedbed
preparation and 7o% in sowing. The aggregate performance in
seedbed preparation is 4,50 ha/h of gross working time, and
5092 ha in sowing with the 8-row planter.

C) Changes in the soil

Expecting that the various mineral fertilizer doses,appli-
ed in the trial, in combination with various ways of seedbed
preparation could effect some changes, primarily in the che-
mical soil complex, detailed chemical analyses were made of
the so0il samples taken from the experimental area, both at
the beginning and at the end of the experimental period. It
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was kept in mind that the experimental period was relatively
short to determine the changes with certainty. This also
applies to the changes in the physical soil complex. The
results are partially presented in Table 1. They basically
indicate, that there were mainly no significant changes of
the chemical properties. There was a certain effect of the
fertilizer doses applied, while there was no effect of the
various ways of seedbed preparation and if it appeared in
combinations it was obviously the result of fertilizing.
However, at the end of the three~year period, positive chan-
ges were recorded in most of the studied properties, regard-
less of the treatment, which points to the conclugion that
they were mainly due to the applied agrotechnical measures.
This isparticularly evident in the increased contents of
available phosphorus and potassium and higher base saturati-
on.

Although the changes in other physical properties of the
soil (porosity, water and air holding capacities, specific
weight and current moisture) were followed in the trial,
only the results of measuring the mechanical soil resistance
are given (Table 1). It was primarily influenced by the mo-
isture regime, dropping with the increase of current soil
moisture and vice versa. The resistance also showed certain
oscillations due to the studied factors. The effect of seed-
bed preparation practices was direct here, while the effect
of fertilizing could have been only indirect, for instance
through the degree of the root system development, which can
again influence the degree of soil compactness.

DISCUSSION AND CONCLUSIONS

The obtained results confirm that it was correct to choose
maize for this kind of investigations, because of its econo-
mic and other importance in this country and a very intensi-
ve system of agrotechnical measures, which allows certain
rationalization. The results also show that it is necessary
to evaluate the activity and function of each member in the
soil-plant-climate system. The climatic and edaphic condi-
tions of the region favour the growing of maize, but in case
of greater climatic aberrations, which do happen, the unity
of the mentioned system is disturbed, either by the indirect
effect of the climate upon the plant, through the soil, or
by its direct effect. Such climatic aberrations were actual-
ly present in the course of the trial, particularly in its
second year. This was, however, a good side of the investiga-
tions, for the functioning of the applied practices could
be observed from a wider aspect.

If the effect of the investigated factors is evaluated,
the significance in soil tillage was incomparably less mar-
ked than in fertilizing. The obtained results still give
priority, though not absolute, to the seedbed preparation
with combined implement. The yields in the other treatments,
though varied, were more or less at the same level, includ-
ing the direct sowing into the furrow. It is an important
finding that the direct sowing into the furrow is possible
on this soil type without greater risks for the yield, espe-
cially in case of good tilth due to low winter temperatures,
probably with certain advantages in wet years., Taking apart
the technological-exploitative side of the problem, all the
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four ways of seedbed preparation, or their combinations
with medium or high fertilizing, can be regarded as almost
identical. This especially applies to the =zpeed 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 wvery important fact, valid for all the
methods of seedbed preparation, that it can be successfully
carried out in one rTun, 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 fertilizing, sow-
ing, herbicide application and probably some others) 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 regquires scparate investi-
gationse.

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

'he following conclusions can be drawn:

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

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

3. The seedbed preparation by combired implement, in com=-
bination with medium or high fertilizer doses, seems to be
the most acceptable for the practice.

4, Lffected by the complex of the performed agrotechnical
measures, positive changes occurred, primarily in the pedo-
chemical 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,

5:6



REFERENCES

BLAKE ,G.R. and ALDRICH,R.J.(1955): Effects of cultivation
on some s0il physical properties and on potato and corn
yields. Soil.Sci.Soc.Am.Proc., Vel. 19, Numb. 9.

FREE,G.R.(1960): Minimum tillage for soil and water conser-
vation, Agric. Eng., Febr,

FREE,F.,R., FERTIG,S.N., and BAY,C.E.(1963): Zero Tillage for
Corn Following Sod. Agr.Jour., Vol. 55, No. 2.

GRIFFITH,D.R., PARSONS,3.D., MANNERING,J.V., GALLOWAY,H.M,,
ROSS  M.A., ROBINS,P.R. and HUBER,R.T.(1970): An evalu-
ation of tillage - planting systems for corn production.
Res, Prog. Report 3%68,Purdue Univ,,Lafayette, Indiana,

IVANOV,P., KOROBOVA,L. i BALABASIN,N.(1971): Puti minimali~-
zaciji obrabotki podvi. Zemledelie, No. 1,

JONES,J.N,, MOODY,J.E., SHEAR,G.M,, MOSCHLER, W.W. and LIL-
LARD,J.H,(1968) : The no-tillage system for corn. Agron,
Jour,, Vol, 60, No., 1.

KAPOSZTA,J.(1973): A talajmiivelds cs®kkentési lehetdsége
csernozjom talajon Bszi buza és kukorica termesztése
esetén. Jubileumi tudomanyos {ilésszak, Karcag.,

MEJER,L.D. and MANNERING,J.V,(1961): Minimum tillage for
corn, Agric. Eng., Febr.

MILOJIC,B.(197%): No-tillage Corn, Effect on Soil Moisture
and Structure. Sixth. Inter., Conf. on Soil Tillage, Wa-
geningen,

SINGH,T.A,, THOMAS,G.W., MOSCHLER,W.W., and MARTENS,D.C,.
(1966): Phosphorus uptake by corn (Zea mays L.) under
no-tillage and conventional practices. Agron. Jour,,
Vol. 58, No. 2.

SZIP0SZ,8,(1972): Izudenie vzaimodejstvija minimalizaciji
obrabotki poévi i udobrenij na dernozeme. MeZd. naud,
simp., Warszawa.

TRIPLETT ,G.B.(1966): Herbicide systems for no-tillage corn
(Zea mays L.) following sod. Agron. Jour.,Vol. 58,No. 2,

VAN DOREN,D.M, and TRIPLETT G .B.Jd1,(1973): The Future of
No-tillage in the U.S.A. Sixth Inter. Conf. on Soil
Tillage, Wageningen.

——(1969): Symposium Uiber die Tiefenbearbeitung des Bo-
dens, Giessen,

(1972): Proceeding No-tillage systems, Simposium,
Columbus, Ohio,

(1973): Conservation tillage, the proceedings of a
national conference., So0il Cons. Society of Amerika.
Anheny, Iowa.

(1974): Trudi X meZd. kongr, podvovedov. Fizika i
tehnologija poév. Moskva,

5:7






The 7th Conference of the International Soil Tillage Research
Organization, Sweden, 1976,

DIRECT DRILLING (ZERO TILLAGE) AND SHALLOW CULTIVATION ON A RANGE OF
SOILS IN THE UNITED KINGDOM

R.Q. CANNELL AND F.B, ELLIS
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ABSTRACT

In the experiments in the U.,K. here reviewed, direct drilling,
shallow or deep tine cultivation and ploughing have resulted in
similar yields of spring barley and winter wheat on well structured
soils where suitable weed control and agronomic procedures have been
adopted. Emphasis is now being given to the effect of reduced
cultivation on clay soils and on those which are structurally weak,
where greater problems may occur. Although soils are more compact
after direct drilling, the development of surface tilth, increased
aggregate stability, cracking, greater earthworm activity, and similar
levels of oxygen in the soil have been observed.

Introduction

When suitable herbicides became available, especially paraquat
in 1961(13), numerous experiments in many countries were carried out
in which direct drilling was compared with ploughing. In Britain
before 1970, about 60 comparisons of direct drilling and ploughing
were made for both spring barley and w%nger wheat, sometimes in
experiments which lasted several years 5)., These experiments were
carried out mainly by Imperial Chemical Industries Limited and by
the Ministry of Agriculture, Fisheries and Food. 1In some the yield
after direct drilling was satisfactory, but on average it was about
10% less than after ploughing. Usually the reasons for lower yields
were not known. More recently experiments have shown little
difference between direct drilling and ploughing. The reasons for
lower yield in the earlier years included grass weeds, slug damags,
problems with drilling and probably lack of experience with the
newer techniques(5),

Thus the objective of our initial experiments which began in
1969 in co-operation with the Weed Research Organization was to study
the effects of alternative methods of cultivation on the growth of
spring barley and winter wheat on land which presented few probiems
when under normal cultivation (Table 1), The treatments were direct
drilling, cultivation with tined implements at 7 or 15 cm depth, and
ploughing.

After satisfactory results with direct drilling on these soils,
and because the simpler methods of cultivation were bg%ng
increasingly used by farmers in the United Kingdomkl’ it was
considered appropriate at Letcombe to investigate the feasibility
of reduced cultivation and the possible long-term effects on soil
conditions on soils which were more difficult than previously used,
either through high clay content and restricted drainage, or
through structural instability (Table 1). The possibility of using
reduced cultivation methods on such soils is of particular interest,
at least in our country, because the number of working days is
often small,



TABLE 1 SOILS USED IN CULTIVATION EXPERIMENTS
U.K Soil group Texture Gerieral Commenced
P AN 1 - s 3o~
Classification European Units Characteristics
Argillic Orthic TLuvisol | Sandy loam|Mainly well 19693«
brown earth drained
Rendzina Rendzina Silt loam |Well drained 1970
over chalk
Calcareous Verti-calcaro Clay loam | Slowly permeableh 19723
pelosol gleyic Cambisol well structured
Argillic Orthic Luvisol | §ilt loam |Well drained 1974
brown earth weak structured
Stagnogley Verti-eutric Clay Poor drainage+ 1974
Gleysol (2 sites)

* Infromation from D Mackney, Soil Survey of England and Wales.

AL

#% Joint Project with Weed Research Organization.

+ These sites have been artificially drained.

Crop Establishment and Grain Yields

On the well-structured soils the mean grain yields of spring
barley and winter wheat over the period 1969-75 were similar in all
treatments (Table 2), although rainfall and yield varied greatly
For example, on the sandy loam the soil moisture
deficit at the end of June varied from O to 90 mm, and in the autumn
and winter of 1974-~75 rainfall was about 40% above average.
direct drilling caused a lower yield than ploughing by 5% or more, it
was always in the first year of an experiment and has been often
associated with a reduction in plant population (Table 3).
reductions in plant pepulation were not so great that they would have
been expected to have a large effect on yield with conventional
cultivation; it seems that direct—drilled crops may have a reduced
capacity to compensate for low plant density.

between years.

When

The

TABLE 2 RELATIVE GRAIN YIELD OF SPRING BARLEY AND WINTER WHEAT AFTER
DIFFERENT CULTIVATION TREATMENTS, 19060-197 5%
Yield of Yield relative to Number of
grain after that after experiment-yearsit
ploughing ploughing
(t/ha) Tine Direct— §}%t
cultivated drilled Loan _
Sandy over  Clay
Deep Shallow loam <chalk loam Total
Spring . )
parley 4.54 1.01 1.02 1.00 5 4 3 12
Winter ©Ar , .
wheat 5.04 1.05 0.98 0.97 5 1 3 9

#*  Source of information references (4) (10).
Wt An experiment-year is an individual year of each experiment.

The difficulty in establishing adequate plant populations with

direct drilling may be due to several factors.

These may include

the greater compaction in direct-drilled soils, to which reference
is made later, or the limitations of driiling equipment.




Plant establishment may also be impaired when seeds germinate close

to decomposing crop residues, especially in wet conditions. The
recommended practice for successful direct drilling in the U.K. is to
remove surface residues of the previous crop; this is normally
achieved by burning, but in wet weather complete removal may be
impracticable. In the wet autumn of 1974 in some crops where the plant
population was very low, it was found that seeds had been pushed into
the soil by the triple~disc drill in contact with unburnt straw. Seeds
had usually germinated but died after the radicles had emerged(ll).
Laboratory studies show this was due to soluble decompgsition products,
including acetic acid, caused by microbial activity(lg),

TABLE 3 PLANT POPULATION AND GRAIN YIELD AFTER DIRECT DRILLING
RELATIVE TO THAT AFTER PLOUGHING WHEN YTELD AFTER DIRECT
DRILLING WAS REDUCED BY 5% OR MORE*

Direct~drilied

Experiment Crop relative to ploughed

Plant

population Grain yield
Sandy loam Spring barley 0.92 0.85
Winter wheat 1.05 0.88
Silt loam over chalk Winter wheat 0.94 0.94
Clay loam Winter wheat 1.42 0.91
Spring barley 1.02 0.89
Silt loam Spring wheat 0.55 0.90
Clay (Denchworth series) | Winter oats 0.71 0.82
Clay (Rowsham series) Winter oil-seed rape 1.04 0.95

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

Effects on Soil Conditions

Qur most detailed observations have been made on the clay loam;
of the soils used in the earlier experiments this was most likely to
present the greatest limitations to successful direct drilling; the
comments which follow refer to this soil except when otherwise stated.

Compaction and Soil Strength Measurements of bulk density and
resistance to a cone penetrometer, in the upper 20 cm, show that the
soil was more compact in the direct-drilled treatment than after
ploughing; the main changes occurred in the first year. Although
early root growth was sometimes restricted after direct drilling, the
effect diminished within a few weeks. The bulk density and
penetrometer resistance in the tine~cultivated areas were
intermediate between direct drilling and ploughing.

Soil Structure and Stability Friable surface tilths have developed

on the direct-drilled treatment, especially in the autumn. Although
this self-mulching property is generally associated with soils
containing montmorillonite clay, it is also influenced by other
factors, including the organic matter content. The presence of the
surface tilth has favoured rapid germination of seed sown in autumn,
and the tilth may have been a significant factor contributing to the
success of direct drilling on this soil. However, wet conditions lead
to slaking of the aggregates, which may almost disappear in a wet
winter. An increased content of organic matter has been found in the
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upper 2.5 om after repeated direct driliing, and this has been
assoclated with increased stability of soil aggregates in this zone.
Of the soils on which we are working, only the silt loam which is
very weakly structured, and readily slakes has shown no tendency to
greater stability of the aggregates or to form a friable tilth, On
the sandy loam the development of this surface tilth became
particularly pronounced by the fifth year of direct drilling.

It is evident from the improvements of soil structure often
observed under permanent grassland(14) that numerous natural
processes can lead to the improvement of soil conditions when soil
is undisturbed. Some c¢f these are discussed by Russell and Goss(17l
In the very dry summer of 1975 cracking in the clay soils was much
more pronounced than usual, exceeding 100 cm in depth in the direct-
drilled plots, but to a lesser depth in ploughed land. More earth-
worms have Dbeen found after repeated direct drilling, and the ratio
of total number on direct-drilled to that on ploughed plots has
increased with time (Table 4), although the actual numbers have varied
between seasons depending on envircmmental conditions such as soil
moisture. In some soils increased numbers of continuous channels have
accounted for more rapid drainage of gravitational water after direct
drilling(7), and roots freely grown down earthworm channels.

TABLE 4 NUMBERS OF EARTHWORMS IN A CLAY ILOAM AFTER DIRECT DRILLING
AND PLOUGHING (Samples were collected in the autumn,
before primary cultivation for spring barley)

Direct— Ratio of direct-
drilled Ploughed drilled:ploughed
(mumbers per m4)

After first year, 1973 145 110 1,32
" second ", 1974 345 218 1,58
n third ", 1975 230 08 2.37

Aeration These changes in scil structure and esrthworm activity may
account for the fact that in spite of greater compaction of the clay
loam soil, the oxygen content has usually been as great in direct-
drilled land as in ploughed land, even when the rainfall pattern
varied considerably (Fig 1).

Nitrogen supply More nitrogen fertilizer or different time of its
application is sometimes, but not always, needed for maximum yield of
direct—drilled crops than those grown after conventional techniques
(2,5,18). However the reasons arec uncertain, and different explanations
are likely in different circumstances. In our work on the clay loam,
the nitrate content of the soil was consistently lower (by a factor of
2 to 3) during a dry winter (1972-73) between December and March after
direct drilling than after ploughing!l®/); the oxygen content of the
direct~drilled and ploughed areas was then comparatively high (Fig 1),
and there was no evidence of denitrification. Moreover, losses of
nitrate by leaching were probably insignificant; it seems probable
that the lower nitrate content of the direct—drilled treatment was due
mainly to a decreased rate of mineralization of soil organic nitrogen
(6). In the next year when rainfall was higher the lower nitrate
content in the direct-drilled soil in early winter was associated with
lower oxygen (Fig 1) and there was evidence of greater denitrification
(Table 5). In the third year (1974~75), when winter rainfall was
exceptionally high, the concentration of oxygen in the soil declined
rapidly in both cultivaticn treatments, and little nitrate was found,
being presumably lost by denitrification.
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FIGURE 1 OXYGEN CONCENTRATION AT TWO DEPTHS IN A CLAY LOAM
(EVESHAM SERIES)
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TABLE 5 CONCENTRATION OF NITRATE-N IN SOIL WATER AND QOF NITROUS
OXIDE IN THE SOIL ATMOSPHERE IN A CLAY LOAM (EVESHAM SERIES)*
(For rainfall see Fig 1)

Nitrate in soil Nitrous oxide in soil '
Depth | water (ug N ml-1) atmosphere (ppm)
(cm) Direct- Direct—
drilled Ploughed drilled Ploughed
November to 15 34 " 52 7 1
December 1973 30 12 13 83 3
60 2 2 78 8
January to 15 32 32 42 18
May 1974 30 26 32 29 38
60 4 9 70 37

" Source of information reference (3).

Conclusions

On well structured and drained soils a wide range of
cultivation techniques can produce satisfactory yields; and
simplified cultivation can save labour and energy. Furthermore,
the shorter time required to sow a crop may result in improved
timeliness of sowing, and may make it possible to establish a larger
area of higher yielding autumn crops of cereals or oil-seed rape;
when this is the case, reduced cultivation may be particularly
beneficial on heavy soils, but at present there is insufficient
information on the exact conditions when direct drilling will be
successful.
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It is obviocusly important that the factors limiting the
effectiveness of different cultivation methods should be properly
identified. In much past experimentsl work in which tillage methods
were compared, the results may have been influenced by inadequate
weed control, a problem which can be expected to decrease with
improved herbicides. From the point of view of soil disturbance, any
rigid distinction between different forms of reduced cultivation may
be misleading, since the various techniques represent a continuum;
the amount of soil disturbance caused by direct drilling into a friable
soil may not differ greatly from that caused by shallow tine
cultivation. Direct drilling represents the most extreme form of
reduced cultivation, and therefore is valuable for research. The
extent to which it can be eventually regarded as appropriate in
practice will depend on many factors which can influence its
reliability; effects on soil conditions are obviously of great
importance.

This paper has been confined to work with which we have been
concerned in southern England. There are numerous important inputs
by other institutes of the Agricultural Research Council, including
the Weed Research Organization, by the Ministry of Agriculture,
Fisheries and Food, by universities and by commercial companies.
Finally we acknowledge the wvaluable co-operation of Mr J.G. Elliott
of the Weed Research Organization with whom we worked closely in the
earlier experiments.
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INFLUENCE OF TILLAGE AND DRAINAGE SYSTEMS ON PHYSICAL

CONDITIONS FOR LOAM-CLAY SOILS CULTIVATION

G,Chisci
Istituto Sperimentale per lo Studio e la Difesa del Suolo
Florence (Italy)

ABSTRACT

An experiment carried out on loam-clay soils in Central
Italy to evaluate the influence of tillage and drainage sy-
stems on winter wheat growth and yield has shown that mini
mun-tillage may reduce yield of grain in comparison to plou
ghing as a consequence of an increase of soil compaction.

Underground tyle drainage seems to favour a reduction
of runoff without decreasing water storage to a damaging
limit for winter wheat growth and yield.

INTRODUCTION

A large extencion of loam-clay soils in Central Italy
are originated on Pliocenic marine sediments,

They present poor physical conditions in relation to
plant establishment and growth,beside an high susceptibi-
lity to soil erosion (mainly mass erosion).

Some mineralogical and physical parameters of the
loam-clay soils of the Era Valley (Pisa) are reported in
table 1.

The presence of a large
o aaeenis wasion toume 10y ot ot i era vetres amount of expansive minerals
in the clay fraction (0,002
= = mm) explains the high porosi-
}!1‘“1 ty, plasticity and water re-
tention capability shown by
w |n these soils.
w o | Their behaviour - as re-
1" lated to the Era Valley cli-
mate -, would be cleared by
comparing the mean precipitation summarized in a Bagnouls-
Gaussen diagram, with the ETP monthiy values calculated by
Thornthwaite formula (figure 1),

Precipitations are concentrated in the autumn and
spring seasons, while a prolonged dry period occurs bhet-
ween May and September,

Soil dehydratation in the dry period favours wvolume
contraction followed by cracking, At the same time cohesion
and soil impedance to root penetration would be enhanced.

Quarts 20

15
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20
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Cracking, however, would increase macroporosity and
reduce bulk density, mainly in the upper scil layer (Lulli
& Ronchetti(4)). Sfalanga & Rizzo (5) have shown that the
direction of cracking changes from vertical to horizontal,
passing from soil to parent material.

Macroporosity due to cracking represents the preferen-
tial way of water recharge in the soil during the autumn
season in undisturbed soils (sods).

Soil water recharge in autumn is very important for the
cultivation of these loam-clay soils, being responsible for
water storage to be utilized in the
periodof rainfall shortage (as com U utilized water R richarge
pared to ETP), beginning around M,i;:mm D detie
middle April, 33 ETP so9mm

To increase water storage,to be

utilizaed by the zone common rcta -
tion represented by winter wheat /
mixed ley, the best system of til-
lage devised up today is summer

ploughing up/down the slope using
powerfull tractors,sometime inte- SE M AW T T A S 6w 5

‘ ) Fig.t Bagnouls-Gaussen diagram end Thorath.
gr’ated by dralnage surface ch annels Wite ETP valuse ot vicarelio exporimental

temperature ¢
Rain mm.

farm in the Eva velley

or grassed waterways,normal to the
slope line, to reduce runoff velocity.

Nevertheliess,this kind of soil management make the land
subject to mass erosion and landslip,during Jate autumn/
winter season, in rainv years,

Another peculiar characteristic of these loam-clay soils
is self-mulching, represented by the formation of a layer of
fine aggregates on the soil surface, Self-mulching-which co-
uld attain a deepness from 1 to few centimetges—is probably
caused by the cecnsistent variation of temperature and rela
tive humidity between day and night in the summer period.

In relation to cracking and self-mulching phenromena in
the Era Valley, it was hypotized that winter wheat cultiva-
tion would be possible without ploughing the s0il,by apply
ing minimum-tillage practices, providing that: (i) water in
filtration and recharge in the soil would beghardnte ad by
cracking porosity; (ii) an appropriate seed-bed would be pro
vided by summer self-mulching of the soil;(iii) weeds con-
trol would be possible by the use of herbi~ides to elimi-
nate either natural grasses or large leaf species,

For soil stabilization against mass erosion and land-
slip,the use of an underground tyle drainage system was de
vised as the best way vo eliminate the excess of water in
the so0il during the winter rainfall surplus,

EXPERIMENT LAYOUT

To compare the influence of different systems of soil manage
ment on winter wheat growth and yield,a relmﬁdroﬁuﬂqmwmxal
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conditions, an experiment was carried out at the Vicarello
Experimental Farm in the Era Valley (Pisa) on loam-clay soils
formed on Pliocenic marine sediments (1),

The following soil treatments were factorially combined:

Tillage treatments
(a) Minimum-tillage performed by desherbage with
Paraquat followed by disking.

{(b) Ploughing of the soil in Summer followed by disking,

Drainage treatments

(c) Underground drainage with PVC tyles 0.8 m deep and
8,.0m apart,

(d) Absence of a drainage system,

The plots receiving treatments ac, ad, bc and bd were
equipped for the measure of runoff, drainage discharge and
erosion,

A detailed soil survey by Lulli,Ronchetti and Tellini
(3)acknowledged the presence in the experimental plots of 3
series of soil denominated "Pegolina" (Entisol), "Mattaione"
(Inceptisol) and "Type C" (Vertisol) (table 2).

The relative areas of
e v it e g1 o vscmtre o e the different soil series in
e e ‘nmmr T, o every plot were mapped.
L e Sampling for vegetation
o - o e e . and yield measurements were
T o o o randomly performed in each
area,
u o Test crop, represented
AP e orn e by cv "Funo'" winter wheat,was

sown for several years in
November and harvested in July,

Weeds control was realized uniformly on all the plots
by pre-emergence Teburtin (Ingram 50) against grass weeds,
and post-emergence Ioxinyl +MCPP (Certrol HJ against large
leaf weeds,

RESULTS AND DISCUSSION

Hydrological and Physical soil data (table 3) show
that tillage and drainage treatments have influenced to a
large extent soil conditions in the different plots,

Ploughing would increase cracking and reduce bulk den
sity in comparison to minimum-tillage, Moreover, the impe-
dance to root penetration is consistently higher in the
minimum-tillage plots during the Spring season while the
differences disappear during the Summer,

Runoff is remarkably enhanced in the plots without
tyle drainage, Drain discharge on the other hand,is larger
on minimum-tillage in comparison to ploughed plots,
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The yearly amount of soil eroded by runoff is general-
ly small, but evidently higher on the ploughed plots,

Soluble salts exportation by runoff appears to be re-
duced in presence of tyle drainage,

Winter wheat root & shoot growth (table 4) -~ on which
some preliminary data have been previously published (2) -
seems to be favoured by ploughing the soil, in comparison
to minimum-tillage., Moreover, small differences indicate

[able . Morpholozical measurement s on winter wheat plants

Gt difterent staces ol srowth (average of two years)

Root -~ dry welzht o™ Root~ lenetbh om, Teaves -tlr;g- weloht I culms height cm,
[reat ment s e )
i) (2) (1) (2) (1 (2) (1 (2)
Shoeam=-t i Tage 245 14,09 12,33 14,109 750 H5.4 1 2,96 ¢3,06
Min-tillaue &
Drce it Tond 10,04 12,27 16,73 7ed2 57.80 25,15 99.79
Plouzhing 1,05 (5,90 13.09 [6:82 T.72 77,14 L7 103,74
tlouchiing & ) R = B .y
D i 1,74 12,42 12.9% 10,89 7.0z 71,30 30,57 105,21
e 1. + 0,30 +0,9u 40,40 0,00 | +0, S0 3,50} 10.90 +1,20
¥ - lhe weisht is 5. tetal f 206 plants
1) - Lillering stage is around 140~150 davs rom sowing {20-30 March)

(2) —larwes in: stase is around 230-240 Davs from sowine (! - 10 Juiy)
that, in absence of drainage, root and leaves biomass incre
ases while culm height decreases, ‘

Winter wheat grain yield results significantly enhanced
by ploughing in comparison to minimum-tillage (table 5),

Also, the presence of underground tyle drainage seems
to increase the winter wheat grain yield more consistently
on the Mattaione than on the Pegolina series of soil (figu~
re 2).

The wheat grain yield in the ploughed plots during dif-
ferent years -of trial results almost uniform, In the minimum-
tillage plots, instead, there is a large variability with a.
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consistent increase of
the first to the third
cultivation (figure 3).
It was hypotized that weeds con-
trol by the herbicides may have been
influenced by climatic condition pe-
culiar to each year, In any case,the
controlmay have been better in the
ploughed than in the minimum-tillage

yield from
yvear of

Fig.2 Interation between drainage system
and soil series on wheat grain yield

plots,

Hydrological variations between

treatments, and specifically ET differences, do not seem to
be responsible for the differences of wheat growth and yield
observed in the plots (Figure 4).

-y
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o
x .
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.
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Fig. 3 Interation between tillage and years on

wheat arain yield
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Fig.4 Influence of ETon wheat grein yield
as related totillage and drainage system

In fact, water shortage begins
in middle April, so that the amount
of water storage in the soil appears
to be sufficient for ET requirements,
during the final stages of wheat ri-
pening, either in the ploughed or in
the minimum-tillage plots.

Clearly, minimum~till age garan-
tees a sufficient recharge of soil
water for wheat cultivation, thro-
ugh cracking natural macroporosity,
Also self-mulching seems to pro
vide a good natural seed-bed for
wheat germination and emergence of
seedlings, The data of wheat growth
at the tillering stage confirm what
above, being not detectable differen
~ces on wheat root & shoot growth_;
at such stage,

Starting from tillering time,
wheat plants begin to suffer the
increasing soil compaction caused

by soil dehydratation following reduced rainfall and incre-

ased ET.
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Root elongation appears consistently impeded by the incre

asing soil resistence to penetration and bulk density(ﬁ@ure6):<

(]

1,

105-

g

3 14

average bulk density kg/litre

15 16

17

Moreover,also wheat culms appear

(86

O Ploughing
(90 .

(166

95{ resistence to

&Drainage
® Winimum. Tillag
" «  &Drainage

to be shortened by the effect of the
increasing soil resistence to pene-
tration and bulk density,in relation
to the different tillage and drainage
treatments (figure §) ,

It appears clearly that the enhan

penetration kg/cm’
between brackets

ced soil compaction —in the minimum-
tillage in comparison to ploughed
plots ~ is the more effective cause
of winter wheatgrowth and grain yield
reduction (figures 7 and 8),
Conclusively,it could be said
that in these loam~clay soils a con-
sistent decrease of winter wheat
growth and yield may be expected by
the application of minimum-tillagein
comparison with the normal ploughing
up/down the slope, mainly as a con-~
sequence of an increase of soil

(27.3%

culms height at harwesting stage
cm

20!
Fig.5 Relation between bulk density and culms
height at harwesting time

average bulk density kg-litre

1.3 14 1.5 18

(86) (g0)

"‘\‘15.6)

~
]

[

O Ploughing
® " &Drainage

® Minimum Tillage

[ " »  &Drainage

cm,

«

resistence to
penetration kg/cm?
between brackaets

&27.3)

root length at harwesting stage

compaction,
In any case,

Fig.6 Relation between bulk density and
root elongation at harwoesting time

soil underground
drainage would
enhance the
stability of the
given loam~clay
soils by the
control of run
off and erosion,
without reducdng
the amount of
water recharge
and storage at
an extent in which plant growth and yield may by negatively
influenced,

40
soil resistence to penetration
kg/cm? proctor method

10 20

| 40, — e
304 Y

30

30
204
i
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)

wheat grain yield q/Ha

13 15 7

wheat grain yield q/Ha

14 8 LDRAINAGE
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o
Fig.7 Relstion between wheat grain yisld and

Fig.8 Relation betwe, heat i
soil bulk density g . fean wheat grain

yteld and soil resistence to penstration
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INFLUENCE OF ACTIVE INILET NTS ON SOME PHYSICAL
PROPERTIES OF SOILS AKD CROP YIELDS.
I.Dechinik, St.Tarkiewicz
ABSTRACT

The influence of the Polish plough-miller as an acti-
ve ocultivation implement on soil strength,moisture, total
porosity, bulk density and crop yields was studied.

The studies were conducted in the years 1973-1975 on
brown soll formed from loamy sand. Cultivation with the
mould=board plough was taken as contrel.Experiments were
performed in four replloas with potatoes, spring barley
and rys uging trifield rotation.

The use of the plough-miller was found to cause a de-
greasge in strength and an increasoc in votal porosity of
the cultivated soil;however,it did not vary soll moisture
content in comparison with cultivation with the mould-

board plough.Cultivation with the ploughemiller has a fa~
vourable effect on the yield of the plants studied.

INTRODUCTION

Investigations concerning the influence of active gu-
ltivation implement on shysical properties of soils and
erop yields have heen conducted in Poland for several
yegrs. Thelr purpese is to determine the maximum use of
these implements in basic sgoill cultivation, which leads
to replace the traditionsasl cultivation implemento of soil
such as mould-board ploughk, harrow and cultivator.

Acoording to some authors B,z,é], the usge of active
implements should reduce the number of supleumentary tile
lage and,in consequonce,reduce soil compaotion dus to the
decreased number of tractor operations in the fleld,

The problem, however,is whether the tse of active im-
plements does not worsen physical properiies of solls and
crop productivity.

Fig.1 The Polish
plough-miller
i.share skin coulter
2.furrow openning
body
J.knife scarifier
4,.disc coulter
S.cardan shaft




Our studlies aimed ¢ cvalvation of =il cultivation
with the ploug h-mi]lnr[n ploush conlvined with active and
statioc working elementq]as compared with cultivation by
using the mould-board plough as the standard [fig.ﬂ.

METHODS
Experiments were conducted on brown soill formed from

loamy sand, in the years 1973, 1974 and 1975 [tab.i].

TABLE 41. Mechanical composition, physical and
chemlcal properties of the soil.

=== Sttt St R B i !
r | Pexrcentage of mecha= T Bulk fSpeci- |Speoifio| Hu-}
“Depthunical froctions in mm| densi-|fic jsurface | mus!
j om ’In6:'6:::“;6”05—67ﬁi;: ty aggravity{area | I

- - - ]
E | 0 1' 0,02] ' {0 I g.om T, om™3 }m? g~1 I & 1
e Rt il o o e e fmm———— o ————— Tr——————— ===
lo-30 } 60 : 24 | 16 | 6 | 1,50 12,60 | 6,8 I 1,1

The experiment design comprised comparison of stre-
ngth,moisture,total porosity,bulk density of soil and crop
yields in two combinations of cultivation[tab.é]with three
variances of trifield rotation, in four replicas [tab.3]

TABLE 2. Cultivation measuree in combinatione,

.Ploughing with plough—lPloughing with mould- |
iCultivated ! miller i board plough !
lants { T T T * “““““““““ =
P | cultivation month aoultivation imonth !
_______ ceefmo--oASULes [ ____ i ___ measures —
' | winter plough- IX swinter plough—, IX
! ngE_QQ_EE_QEQE | LlEE-§§-9§-§§QE4 ...... -
Potatoes fertilizing NPK |fert111z1ng NPK
harrowing ! v |harrowing v
__________ nglegziagm__-___i_-_,u_ planting i--
winter plough- ' XI .winter plough-{ XI !
Spring  y1ng 24 om deep y ping 24 om deep; .|
i barley fertilizing NPK| fertilizing NPK
! harrowing III !harrowing b IIX
sowing sowing i
.......... ..{__-.-.._........-...-__.. . con e s e e e e i 50 el s 0 0 0
first plough- firast plough- E
ing 12-15 cm VIIX ing 12-18 om | VIII
| ploughing for . | ploughing for |
Rye sowing 24 om IX sowing 24 om | IX
deep deep 1
- R ey ro > € oo s o e 2 e ""“""""'"“‘1'
sowing % sowing ! X
i harrowing ] ; harrowing !
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]
mmmmmmmmmm L Sl 1 st ittt
1973 { potatoes! spring !rye
L H emng barley b o TABLE 3
14974 ! gpring ! rye | potatoes
Lmu” _iméﬁﬁlgxuui “““““““““ L _________ Crop rotation.
11975 | rye ! potatoes| spring
L R SRR B .1 1) A

Soil strength was measured with a manual spring-pene=-
trometer every year,in April,June, August and October,
Soil moisture [ in % by weight] and bulk density[}n g.om
were determined by the oven-dry method and total porosity,
by air picknometer.

RESULTS
Soil strength and moisturs content.

B2 e w2 G0 2D T G GRS D LED D CHD R TS R O D G W o SR T G O T 5 G G W Iy S R G

Soil strength was higher in the summer months [Junse,
August] under all plants studled regardless the ocultiva-=
tion implements used [rig.z],

However, it was lower in the soil cultivated with the
plough-miller in ccomparison with the strength of the soil
cultivated with the mould-board plough almost in all wmon-
ths [figea],These differences are distinotly higher in
the so0il under cereals than under potatoes.

POTATOES BARLEY P RYE
o LOL ~j . .
g L . ay »@-da@hqmﬂg
g 4 ? & - moutdboard plough
XL 301 /1 B ( % " P
2 - 1T ﬁ/
¥ | B - | 1 | 9
» % V] i8¢ %
=20 | U
3 % % L/ f g a
15 M LV L] /]
L 1d LY .Z vi Ll LA E@ _2 Eﬂ
ol,II4 [ IFV!F AT T Larvarm U
Vo VI Vil Vo vl Vb X 1Y, Vi X

HME OF MEASUREMENT /MONTH/

Fig.2 The influence of compared cultivation measures
on soil strength [mean value of 3 years].

The differentation of strength of the soll studied is

related to changes in moisture content of this soil, par-
ticulary in the vegetation period.The strength of the soil
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cultivated with the plor h-nlller 10 cor 1doyrahly influe
enced, beside moisture content by other cenditions. Botter
crumbling and displacing of aoil in the avable layer cu=
Itivated with the plough-miller as comparcd vithmould—board
plough,is, anong others,one of ths most important faoctors,
In ouxr studies, the use of the plough-miller did not

distinotly effect the values of moisture content of the
soil in comparison with mould-board plough cultivation
[fig.j].ﬂowever,when soil moisture ocontent decreased bhe-
low 7 ¢% it was highﬁr[>2%]in the soil with plough-miller
cultivation,

11} =

np - O -plough-miller
2 - 4 4 @ - mouldboard plough
10F | b= F"/ Y - P
% /] ~ /] B%
S ol |14 | romarces Asarcey [ L[ [AReE
2 [ 1|1 A P 11117 -
zsl Il | U WL IW %
w /1 4 1 1V /] “mn% 1
S || Y MU ETW Y %
%] A1 MIT T Y 4804 /]
g 6l 111 |V LI MMIMMITIAIMEITNM W L/
] | / r A | 11T /1
5 4 ,
VvV Vi ViE X vV v vl X vV o vi VI X

TIME OF MEASUREMENT /MONTH /

Fig.3 The influence of compared cultivation measures
on moigture content, in % by welght [mean value
of 3 years].

Total porosity and bulk density,

TP o AD T @D QD WD G D G G D e St A OF) G O IS eU3 TN 631 o AP G RAD T X7 0 BT 06 B

Total porosity was always lower in April and higher
in Ootober irrespeoctive of the cultivation implements
used [fig.4]. But the values of bulk demsity of the soil

D)~ plough-milier

) -mouldboard plough

O 5l Potatoes  barley rye

E Ve _,.,.Q - N N

2 LY i

< Ve |

%uo § P Fig.4 The influence of
a - compared cultivation

. 4 d measures on total soil
= ’ % porosity in % [mean va-
’ 35 4 lue of 3 years].

vV X NV X N X
TIME OF MEASUREMENT/MONTH/
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in these periods were quite veverse,although the variation
of this characteristio was not significant in the period
studied [figGS]e

o 3 - plough-miller

E_} 21 - mouldboard plough

= 'potitoes\ ) bagley . rye

Z 15

) Fig.5 The influence of

Wy, compared cultivation

< | measures on soil bulk

§ density in g.cm~3 [mean
13

L] | 4. value of 3 yearﬂ o
v X v X vV X
TIME OF MEASUREMENT/MONTH/

At the begining of the vegetation perlod total porosi-
ty of the soil cultivated with the plough-miller wae sli=
ghtly higher than that of the soll cultivated with the
mould-board plough. Particularly, significant differences

[Qﬁlwere found under potatoes and rye [figo4]o

In autum, total porosity of the soil did not vary in
relation to the cultivation implements used. Consequently,
the increase of total porosity of the soil caused by
using the plough-mi’ler 1is short-lived in relation teo
mould=board plougzh cultivation. The soil, being crumbled
and rixed better by the active elements of the plough-
millexr, deposits itself faster during the vegetation pe-~
riod and its total porosity approximates the level of the
porosity of the soil cultivated with the mould-=board
plough,

Crop ylelds.

Crop yields of the soil cultivated with the plough-
miller were slightly higher than those ¢f the s0ll cultie
vated with the mould-board plough [tab.4], This tendency

TABLE 4., Crop ylelds of plants in q.ha”ia

mmmmmmmmmmmmmmmm o e e

Cultivation 1 . Cultivated plants, ______
g measure 1 PoCatocsy Spring barley | LRye
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm -t-n-.--—mwm
i Plough-millaox : 2061 : 42,5 } 37,7 1§
unn_mn-._a—-m.-u-——ym.u.m._g.u.? mmmmmmmmmmm 1 mmmmmmmmmmmmmmmm T nnnnnnn !
I Mould-board i ' ]

Roal n 260, 5 | 41,4 ! 36,9

L.plough .. | S | U b
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is ocorreleted with more favourable physical properties of
the soil cultivated with the plough-~miller. This concerns
partioulariy higher values of total porosity and lower
strength of the soil at ths begining of plant growth,

8:6
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CONCLUSIONS

The use of the plough-miller in basic cultivation
causes & decrease in soll strength and an inorea-
se In total porosity of brown soil formed from
loamy sand in comparison with these properties of
the so0il gultivated by using the mould-=board
plough,

Cultivation with the plough-miller as compared
with mould-board plough cultivation did not vary
the scil moisture content,

The replacement of the mould-board plough by the
plough-miller in basic cultivation has a favoura-
ble effect on yields of potatoes, spring barley
and rye of the soil studied.
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THE INFLUENCE OF LONG - TERM REDUCED TILLAGE
IN TWO CROP ROTATION ON THE YIELD OF WHEAT
AND MATZE

Prof.dr Petar Drezgic

Faculty of Agriculture, University - Novi Sad,
Yugoslavia

ABSTRACT

A research into reduced tillage has been lasted
for the ten years in a complex experiment., This
paper will present tne results of reduced til-
lage effect, ploughing, and, the intensity of
fertilization on the wheat and maize yield in
etght experiment=years (1967-1574). bestides
those results the last 4 experiment=-years’ res-
ults have been separatelly considered. The res-
ults pointed to the following conclusions:
Ploughing is preferable to the reduced tillage
especially with maize under present soil and
climatic conditions. Ploughing in relation to
reduced tillage results in higher yield with
maize compared with wheat.
The experiment was established in 1965/66 in
the Institute of Agricultural Research in Novi Sad with
the following experimental variants: disc-—harrowing to
the depth of 6=10 em, ploughing to 15 em, 25, 35 ana 46
em, with 4 fertilization variants: check plot, low mine-
ral fertilizer rate = 170 kg/ha NPK, medium = 256 kg/ha
and high rate = 342 kg/ha NPK pure nutrients in relation
to 71:59:405 107:88:60 and 148:119:80. No herbicides were
applied in the experiment and the weed control was per-
formed by hand.
The previous results were publisned a few times
(Drezgicé et all 1568, 196¢, 1972, 1, 2, 3). In this paper
the average yield results are going to be presented from
eight‘eyperiment~years and from the last four gears, exept
the variant of plawghing to the depth of 46 cm.
BASIC CLIMATIC AWD SOIL FEATURES OF THE
EXPERIMENTAL REGION
According to long term meteorological okservati=-
ons of the eaperimental region (the north-east part of Yu-
goslavia = Vojvodina) the climatic data were as follows:
the average annual temperature from 10,4 C, average atir
temperature in July 21,4 C, in January =1,5 C. Te average

temperature fluctuations between July and January from



28,5 C to 23,1 C. The total annual temperature attained to

sevd U. And annual precipitation in 1549-1970 to 601 mm,
The experiments were carried out on moderate lime=-

~crernozen type of soil of the following properties: the

~

ceptn of A humus horizon went to a depth of 50 cm. The ho-

ol

.
rizon AC

was at a depth of 50-80 c¢m, where as under 1t was
ltoess rich in lime. dccoraing to mechanical texture A and

J

U aoriaons belounged to clay loam.
In water suspension the ph value vag sligtnly
alkaline (7,7). From a depth of 20 to 40 cem 1t contained

L1l quantities of Llime (1,0-1,5%). Under a depth of 40

sma

am the seil was rich in carbonate. Te content of humus was
noderate (3=3,5%), ana likezwise the one of nitrogen (0,16=

was 1£=14 mg/100 gr soil, and K20

1. It had satisfactory water-physi=

Uyi6%); avarlable F.0
a

O

out &4 mg/l00 gr so
cal properties.

I'ne meteorological conditions varied according to
tne auration of experimental years especially regarding the
anount ana distribution of precipitations which reflected

on vhe yield in each experimental year.

RESULTS AND DISCUSSION

The experimental results of thne maize are repre-
sented on Table 1. and graph 1.

In the eight=years average on the check-plot the
ploughing comparea with reduced tillage was more advanta-
geous. The differences in yield between reduced tillage and
ploughing on the greatest depth of 36 em amounted to 19,6
q/ha. These differences were greatly reduced Ly the appli-
cation of fertilizers and amounted to 10,64 q/ha. on ave-
rage to the benefit of the deepest ploughing. [he effect
of mineral fertilizers on the yield height was considera=-
cly ntgher and it was 18 g on an average for all cultiva-
tionsg aepth ana mineral fertiliszser rates.

The results for the last 4 years showed, rela-

tiny to eight=years average, significant differences bet-

hed

ween redauced ttllage and ploughing. On the check-plot,

thece differences vary [from &5 q/ha to the benefit on the
wueerest ploughing from 3& cem. When fertilizers were added
these dilfferences were less and amounted to 14 g/ha to the

vernefit of the deepest ploughing.
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The effect of long—~term reduced tillage (shallow cultiva-

tron), vartous ploughing depth and intensity of Fertiili-

zation on the nield of maise ond wheat.
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considerable differences between the two crop types.
Reduced tillage compared to ploughing resulted in better
wheat yield than maize. Our previous investigations indi=
cated that reduced tillage lead to satisfactory results
with wheat after sugar-beet and maize under appropriate
climatic conditions. However, ploughing had priority over
reduced tillage with maize. (Drezgid et all.6=7). Many
factors have to be taken into consideration for a suc=
cesful reduced tillage both with wheat and with other
cultures and in that regard we agree with E.W.Russel
(1974 (8), and other authors who examined that problem
fully and specifically in respect of the soil type, cli-

matic eonditions and the implements applied.
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GRAPH. 1 THE EFFECT OF LONG-TERM RECUCED TILLAGE (SCHALLOW
CULTIVATION), VARIOUS PLOUGHING DEPTHS AND INTENSITY OF
FERTILIZATION ON THE YIELD OF MAIZE
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GRAPH. 2 THE EFFECT OF LONG-TERM

CULTIVATION)
FERTILIZATION ON THE

REDUCED TILLAGE (SCHALLOW

VARIOUS PLOUGHING DEPTHS AND INTENSITY OF
YIELD OF WINTER WHEAT
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GRAPH. 3 THF EFFECT OF LONG -TERM REDUCED TILLAGE (SCHALLOW
CULTIVATION), VARIOUS PLOUGHING DEPTHS AND FERTILIZA~
TION ON THE YIELD OF MAIZE AND WINTER WHEAT
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WATER UPTAKE BY WHEAT ROOTS IN TILLED AND UNTILLED LOESS
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ABSTRACT

The water uptake pattern of wheat roots was investigated
in the field with zero-tilled plots and conventionally
tilled plots. In both tillage treatments water was ab-
sorbed mainly in the soil top layers, where rooting den-
sity was high. But when the top layers became dry, the
zone of maximum water uptake was shifted to deeper soil
layers. The availability of water was strongly dependent
on soil moisture tension already in the low tension
range (<1 bar ). In tilled soil roots absorbed less wa-
ter from the 20-30 cm layer with & small porosity as
compared to adjacent layers with higher porosities.
INTRODUCTION

The water uptake and transpiration of plants will depend
on the meteaexrological conditions, the hydraulic proper-
ties of the soil and the rooting system of the plants.
From previous investigations it was known that porosity
and hydraulic functions were different in tilled and
untilled loess soil (Ehlers and van der Ploeg 1976).
Therefore we expected that water uptake pattern of wheat
roots might be influenced by tillage. The aim of the in=-
vestigation was to show, from which soil layers water

is extracted by wheat plants and how water extraction

is influenced by rooting density, by water content and
water tension respectively and by the porosity of the

soil.

MATERIALS AND METHODS

The experiment was conducted in 1971 with winter wheat
on tilled and untilled grey brown podzolic soil derived
from loess. On untilled plots tillage had been omitted
for four years. Within 2 m deep soil profiles moisture
tensions were recorded daily and water contents were
determined twice a week. Root weight of wheat plants
was determined at seven dates durinc the vegetation
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period. More detailils on soill and methods are given else-
where (Ehlers, 1976a, 1976b).

The theory for determining water uptake by roots from
distinct scil layers i1s presented by Ehlers (1976b). It
is based on the notion that total water flux within the
soil profile is composed of capillary flux and flux
through plant roots. Therefore, for evaluation of the
water flux through roots capillary flux has toc be sub-
tracted from total water flux (Ogata, Richards and Gard-
ner, 1960).

RESULTS AND DISCUSSTION

Total water flux <Vtotal)’ capillary water flux through
the soil matrix (Vcap) and water flux through roots
<Vroot) are presented in Figure 1 (left side) for until-
led and tilled so0il and for two periods in Julvy. At July
2-5 the soil was still moist because of high precipita~
tion in June. This is indicated by the tension profile
at the right side of the figure. In 40 cm depth a "water
divide" may be noticed,which separates capillary flux
(Vcap) in an upward flux due to evaporation and a down-
ward flux due to seepage. At the 501l surface the curve
of Viotal indicates that total evapotranspiration of the
wheat plants amounted to & to 7 mm per day in both til-
lage treatments. Water uptake of roots was more or less
restricted to the top layers of tilled and untilled soil
(middle of the figure). At July 22-25 the upper part of
the soil profile had lost water mainly due to evapotran-~
spiration and the lack of rainfall (compare tensions in
Figure 1). Evapotranspiration rates had decreased to
about 3.5 mm per day and maximum water uptake had shifted
to 30-60 cm soil depth.

In Table 1 the cumulative water uptake by the roots from
different soil layers in July is compered with reooting
density at July 13. Root distribution was similar in
tilled and untilled soil and water was mainly absorbed
from the 0-10 and 10-20 cm top lavers (Taylor and Kleppes
1973), where 60 to 70 % of wheat roots were concentrated,
Only 15 to 17 % of the water, which was evapotranspirated
by the plants, was taken directly from layers below 60 cm
depth. Although rooting density was similar in the 2030
cm laver of both tillage treatments, water uptake from
the layer of tilled soil was only 50 % of the water up-

take from the laver of untilled soil.

10:
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Table 1 - Water uptake by roots of winter wheat from
distinct soil layers

tion within the profile

(July 1-25)

and root distribu-

(July 13).

Tilled and untilled

soil
——emtilled - mew— Untilled ==——-
Layer W.uptake Root dens. W.uptake Root dens.
(cm) (mm) (%) (g/m2) (%) (mm) ) (g/m2) (%)
0-200" 113 100 53 100 125 100 60 100
O0- 10 40 35 28 54 35 28 29 49
10=- 20 24 21 8 15 21 17 8 14
20~ 30 6 5 5 ] 13 10 9 S
30- 40 13 11 3 6 14 11 4 7
40- 50 7 6 3 5 14 11 4 9
50= 60 3 3 2 4 10 8 3 5
60-200" 19 17 4 7 18 15 6 10

* Roots in 0-=100 cm and 60=

100 cm respectively
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Water uptake rates within various layers of tilled and
untilled soil are presented in Figure 2 as a function of
unsaturated hydraulic conductivity and related water
tensions and alr contents. Furthermore the influence of
root density as determined at seven dates during the ve-
getation period on water absorpticn is shown in the fi-
gure., The curves were obteined by multiple regression
analysis using data on water uptake rates, root weight
and hydraulic conductivity. In the 0-10 cm layers of
both tillage treatments uptake rates decreased sharply
wlth decreasing conductivity and increasing tension

and availability of water got reduced already at tensie-
ons less than 1 bar. In layers below 10 cm depth of til-
led soil and in the 30-40 cm layer of untilled soil wa-
ter absorption was small at low tensions, increased with
increasing tensions and reached maximum values within the
tension range of 0.5 to 1 bar. At higher tensions water
absorption decreased again. Similar results were repor=-
ted by Yang and de Jong (1971). The transpiration rate
of wheat plants, grown in a soil column of 45 cm depth,
was highest at about 1 bar tension. Reduced transpira-
tion at lower tensions was attributed by the authors to
reduced soil aeration. As aeration 1is e diffusion pro-
cess depending on path length, 1t seems reasonable that
in the soil layer nearest the surface water uptake de-
creased continually with an increase in tensiocn.

Results presented in Table 1 and Figure 2 elucidate that
water uptake may be small in that layer, which comprises
the tillage depth. It seems obvious to relate the abili-
ty of roots for water uptake fto the porosity and the

pore size distribution of the soill. These data are lis-
ted in Table 2.

Within the tilled soil the 2024 cm layer had the swmal=-
lest porosity and sir capacity, but compared to untilled
soil differences were only slight. On the other hand it
was shown by Ehlers and ven der Ploeg (1976) that the un-
saturated hydreulic conductivity in the low tensiocon range
(¢0.1 bar) was less in the 20-30 cm layer of tilled soil
zs compared to adjacent layers and the layers of untilled

50il. The same was true with the saturated hydraulic
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conductivity (Ehlers, 1975). We supposed that regular
plowing reduced the continuity of pores connecting top-
and subsoil (Ehlers, 1976a). Such a kind of pore inter-
ruption was demonstrated for macrochannels built up by
earthworms (Ehlers, 1975). The consequences of restric-
ted water flow caused by tillage may be seen from water
contents averaged from April to August, which are listed
in Table 3 for various layers of tilled and untilled

soil. Water contents were higher in tillage depth of the
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Table 3 - Water contents averaged from April to August
in different layers of tilled and untilled soil

tilled untilled
Layer (cm) Water content (weight %)
0-10 15,1 +7.0%* 17.2 +6.2
10-20 17.2 5.8 16.3 +4.4
20-30 17.7 +4.1 16.6 +4.1
30-40 17.7 *3.2 17.3 +3.8

* Mean + standard deviation

tilled plot as compared to the untilled plot and limited
water flow caused the higher variation of water contents
in the top layers of the tilled soil (Ehlers, 1976a). We
believe that limited water uptake by roots in the 20-30
cm laver of tilled soil was caused by the structure of
that layer. The slightly reduced porosity in connection
with the pore discontinuity might have caused aeration
deficiency on a micro-scale due to higher water contents.
It seems to us that for the first time water uptake of
roots was shown to be influenced by a plow sole, even
though it was only as slightly manifested as in this ex-

periment.

LITERATURE CITED

Ehlers, W. 1975. Observations on earthworm channels and
infiltration on tilled and untilled loess so0il. Soill
Sci. 119: 242-249.

Ehlers, W. 1976a. Water infiltration and redistribution
in tilled and untilled loess soll. G&ttinger Bodenkdl.
Ber., accepted for publicatione.

Ehlers, W. 1976b. Evapotranspiration and drainage in
tilled and untilled loess soil with winter wheat and
sugarbeet. Z. Acker-~ und Pflanzenbau, in press,

Ehlers, W., and R.R. van der Ploeg. 1976. Evaporation,
drainage and unsaturated hydraulic conductivity in
tilled and untilled fallow scoil. Z. Pflanzenerndghr.
und Bodenkunde, in press.

Ogata, G.,L. A. Richards, and W.R. Gardner. 1960. Tran-
spiration of alfalfa determined from soil moisture
content changes. Soil Sci. 89: 179~182.

Taylor, H.M., and B. Klepper. 1973. Rooting density and
water extraction patterns for corn (Zea mays L.).
Agron. J. 65: 965-968,

Yang, S.J., and E. de Jong. 1971. Effect of soll water
potential and bulk density on water uptake patterns
and resistance to flow of water in wheat plants. Can.
Js S0il Sci. 51: 211-220.

10:6



The 7th Conference of the International Soil Tillage Research
Organization, Sweden, 1976.

REDUCED TILLAGE SYSTEMS FOR THE SEMIARID WORLD

Charles R. Fenster
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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 usually 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.
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A reduced tillage system uses tillage for the primary purpose of
controlling weeds, conserving warter 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 controlled in all
phases of crop production to prewvent further development of a source
of weed seed. Several operationg may be combined into one operation
to eliminate traffic over the soil. Many terms are used for reduced
tillage systems. They include conservation 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
tillage.

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 equation developed by Chepil
and Woodruff (9). Vegetative residues on the land surface and a rough
and cloddy soil surface reduce wind erosion. Field 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 ¢n 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 10 metric tons/ha, about twice as much flattened resi-
due is needed compared with standing residues. Fine-textured residues
produced by small grains are more effective than coarse residues pro-
duced by scorghum (8). Coarse-textured soils require more residue for
soil protection than fine-textured soils. Approximately 1050 kg/ha of
wheat rvesidue is required to protect a silty soil and 2400 kg/ha for a
loamy fine sand goil.
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TILLAGE IMPLEMENTS: Tillage machines used for stubble mulching are

of two types (1,2,5): (1) Those that stir and mix the soil including
disks (oneway disk, offset disk and tandem disk), chisel plows and
mulch treaders and (2) Those that cut beneath the surface without in-
verting the tilled layers including sweep plows, rodweeders with semi-
chisels and rotary rodweeders.

STIRRING AND MIXING IMPLEMENTS:

Disk-type Implements: Disk-type implements have a gang of disk blades
40 to 65 cm in diameter, spaced 20 to 25 cm apart. They are operated
at an angle to the direction of travel to give a cutting and turning
action of the soil. The disk-type implement will bury from 30 to 70
percent of the residue on each trip across the field, depending on
the disk type and how it is operated. Increasing size, concavity and
spacing of disks and depth of operation all increase the amount of
residue buried on each operation. The disk-type implements give good
control of weeds. They also can be used to reduce extremely heavy
residues when necessary.

Chisel Plows: Chisel plows are heavy tool carriers with high clear-
ance shanks spaced 30 cm apart, equipped with 5 cm chisels or up to
46 cm shovel sweeps. The purpose of the chisel plow is to kill weeds
by partially inverting the soil and severing the weed roots. Chisel
plows also loosen the soil and leave the surface rough with residues
for erosion control. The percentage of residue retained on the soil
surface with the chisel generally decreases with increased amount of
residues but increases with greater height of stubble. For more
effective weed control, a rotary rod can be used behind the last row
of shanks. The rod can be ground, hydraulic or power take-off
driven.

Mulch Treaders: Mulch treaders are a gang of wheels with curved
teeth or curved chisels protruding. The wheels are 40 to 50 cm in
diameter, spaced 20 to 25 cm apart. They can be operated in tandem
and at a slight angle to the direction of travel. Mulch treaders are
used as secondary tillage tool to improve weed control, especially
when shallow-rooted weeds are present.

SUBSURFACE IMPLEMENTS:

Sweep Plows: Sweep plows are usually equipped with 75 cm or larger
sweeps. Large sweeps are often referred to as a V-blade. Sweeps
range from 150 to 180 cm in width. The blade width of the sweep
ranges from 15 to 30 cm with about a 37-degree pitch for soil 1ift.
The angle of a V-blade ranges from 60 to 100 degrees. The wide angle
sweep penetrates the soil better, but shedding of weed roots and res-
idues is frequently a problem necessitating less angle. The sweeps
are mounted on a heavy tool carrier with standards having at least 75
cm clearance between the bottom of the blade and frame of machine for
residue clearance. If widths of more than 360 cm are needed, they
are frequently designed to have each sweep flexible from the others
for uniform tillage. To prevent clogging of standards in heavy resi-
dues, rolling coulters of at least 50 cm in diameter are a necessity.
The major disadvantage of the underground tillage tools is lack of
weed control, especially when grassy weeds are present under moist
conditions. V-sweep plows can be used for most of the tillage
operations during fallow. Usually the last tillage operation prior
to seeding is done with a rotary rodweeder.

Rodweeder: The rotary rodweeder 1s a machine equipped with a rod



2.5 c¢m 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 kind, quantity and quality of residues, num-
ber, kind and size of weeds present, moisture conditions, soil texture,
length of fallew 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.

TILLAGE 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 after 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 4,600
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 weed control. If resi-
dues are extremely heavy (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 equipment has an advan=-
tage in a wet spring, when grassy weeds such as downy brome (Bromus
tectorum L.) and volunteer wheat are a problem.

Maximum moisture storage efficiency and residue maintenance should
always be considered when contemplating a tillage operation. Weeds
must be controlled to 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 ot
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 tc be developed that is weed free and has sufficient
moisture to germinate the crop.

ECOFALLOW (CHEMICAL FALLOW): (4) Ecofallow is a system of controlling
weeds and conserving soil moisture in a crop rotation with a minimum
disturbance of crop residue and soil. Weed controel is obtained with
herbicides or the combination of herbicides and subsurface tillage
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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 fall 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, moisture 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 be 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 herbi-
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. TFurther development will fulfill many of the objectives
of stubble-mulch fallow.

SEEDING EQUIPMENT: Proper seeding equipment is essential for planting
in residues. Seed must be placed firmly in moist soil with 2 to 5 cm
of soil cover and with adequate protection from wind 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 so0il 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 and
seedling development.
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SUMMARY: Reduced tillage has the greatest potential benefits in the
cemiarid regions where rainfall, wind, intensity of storms aand soil
are highly wvariable. Crops grown in semlarid 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. Reduced 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 to 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 and reducing erosion will result in higher vields and
lower unit cost of production.
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IDENTIFICATION OF SOILS SUITABLE FOR DIRECT DRILIING
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ABSTRACT

The effect of soil structure on direct drilled crops in the U.K was
surveyed in 150 fields over a two year period. Successfully direct
drilled soils had many large pores ( > 100u diameter). Low porosity
in soil surfaces was produced by smearing, slaking, compaction and
trash, this caused poor germination and emergence. Overcompaction
lower down in the soil profile caused drainage and/or rooting problems,.
Many soil types under continuous direct drilling maintained adequate
porosity for at least 5-10 years. Increasing the direct drilled
acreage will involve teaching farmers to carry out visual assessments
of soil porosity and to correct any soil problems before direct
drilling.

INTRODUCTION

The success of crops sown by direct drilling (zero tillage) depends
on the physical conditions of the soil. During the last ten years
ICI has developed guidelines on the physical conditions required for
satisfactory direct drilled crops (1). These are used by farmers
and contractors; thus they have been based on visual assessment of
s0il structure plus a knowledge of its drainage characteristics.
Detailed measurements of a wide range of physical properties can aid
our understanding of the relationship between crop yield and soil
physical properties. However, they are too slow (soll physical
properties can change rapidly in the field) and expensive for general
use by farmers who have to make an 'on the spot' decision as to the
suitability of soils for direct drilling.

This paper discusses the results obtained from a survey of the
relationship between soil structure and crop success in 150 direct
drilled fields. It also discusses the advantages and disadvantages
of continuous direct drilling on different textured soils.

Sites and Crops Studied

Between December 1973 and May 1975, 153 direct drilled fields were
visited at 76 different sites. Their distribution was representative
of the direct drilling acreage in England and Wales. On 20 sites

a ploughed comparison was looked at which was either part of or
adjacent to the direct drilled field. Fifteen sites were yield
trials and 11 had at least two replicates of each treatment. The
crops being grown are shown below; a high proportion of fields were
direct drilled small grain cereals (45%) and/or winter crops (54%)



TABLE 1 Crops being grown on assessed soils, (Total of 153 fields)

'Crop No. of fields visited % of total
winter wheat 52 34
winter barley 12 8
spring wheat 12 8
spring barley 212 15
winter oats 5 3
winter oilseed rape 13 85
forage main crops

malze, kale, turnips 17 11

not yet drilled 19 12°5

Soils were classified by hand-texturing and by mechanical analysis
using the system in the booklet 'Cereals without ploughing' (2).
About 43% of soils were Heavy soils - Group 1; 26% were Medium
soils ~ Group 2; and 31% were Light soils - Group 3. About 30%
of fields 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 drier
and colder than average; Autumn 1974 was abnormally wet creating
broblems for autumn cultivation; Spring 1975 was also very wet and
late,

Methods of soil structure assessment

The top 20~25cm of soil in all fields was examined with a spade as
described by Peerlkamp {(3) but without any structural ‘scoring’.

Soil was brought to the surface and each spit was assessed for overall
structure and porosity. Aggregates were then separated by hand and
examined for pores greater than 100n diameter which are just visible
to the naked eye. About five or six spitfuls of soil were taken at
random from each field and where variations in crop growth existed,
samples of these were compared simultaneously. Excessively compacted
solls from headlands and gateways were also examined. All soil spits
were photographed, hand textured, and samples taken for laboratory
analysis, An auger was used to sample subsoils for texture deter-
mination but in cases where a reason for poor crop growth was not
found in the surface a deeper soil pit was dug. The soil profile

was considered in two parts; firstly, the surface 5cm of soil which
affects the drilling operation, germination, and early growth and
secondly, the soil conditions deeper in the soil profile.

1. CONDITIONS IN THE SOIL SURFACE

The first objective with direct drilling is correct seed placement

and good contact with firm but porous soil. Surfaces with good crumb
structures are ideal because as the tine or disc runs through the
surface, scil can flow back over the seed. Such a condition is
generated in most seasons by frosts and wetting/drying cycles.

Less than ideal drilling conditions were caused by the soil being too

et or too compacted in the surface; use of the Bettinson 3-D triple

disc drill here resulted in an open slot. In wet conditions the slot
was open because of smearing by the rear double discs. In some cases
this had ne effect on the crop asz in Diag.1{a) where soil immediately

below the slot is reasonably porous. Here chain harrowing behind
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Diagram 1

effective. In a severely smeared slot (Diag.1(b) such as was often
seen on heavy soil types during the wet autumn of 1974, the effect on
emergence was severe. Seminal root growth into the lower soil was
restricted by the smeared slot bottom and drainage out of the slot was
slow. On soils which were wet and compacted in the surface water
sometimes drained from areas between the slots into the slots them-
selves, The significance of a loose surface 2cm of soil lay in its
ability to assist the drainage of excess water from the immediate
vicinity of the seed. Even soils with some subsurface compaction
maintained a good stand of winter wheat over the exceptionally wet
74/75 winter provided this loose surface layer was present., This

has increased the interest in tine-based direct drills which create
more surface disturbance and may give better results with winter wheat
in a wet season. Tolerance to smeared slots also varied with crop;
wheat was reasonably tolerant while oilseed rape was adversely
affected more often.

Slaking, the collapse of soil structure due to the impact of heavy
rain was not a problem which affected direct drilled crops presumably
because of soil stabilisation by the previous crop. Crop failure
partially due to slaking was seen on only two unstable soils; this
was accentuated by surface and subsurface compaction. As with
smearing, slaking cut down the porosity of the soil around the seed
and hence poor drainage became a problemn. In no case did slaking
and consequent surface 'capping' alone prevent seedling emergence.

Excessive trash on the soil surface sometimes caused disappointing
results with direct drilling in the UK. This is due to pests such

as slugs, and also to toxic extracts from straw. Another cause is
the mulching effect of trash which prevents weathering of the soil
surface and development of a good crumb structure. It was noticed
that when farmers were waiting for the soil to dry out before drilling,
the soil beneath 'laid' straw and even between long standing straw was
less friable, wetter and more plastic than soil in trash-free areas.

Many soil surfaces can be easily ameliorated to give improved results
with direct drilling. For example rolling after spring and summer
drilling of kale, swedes, and turnips can have a beneficial effect on
emergence. Not only will this close the slot and prevent moisture
loss, but it also fills slots with crumbs and granules. Another
widely and successfully used implement is the chain harrow which mini-
mises surface disturbance but increases the coverage of the seed with
soil. In marginal soil conditions, for example when the top 5cm of
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soil have been compacted by harvesting, it may be preferable to use a
straight-tine harrow, or a spring—~tine cultivator to disturb soil to
this depth to artificially provide a suitable surface. Straight tines
have been used successfully before spring barley on heavy soils where
it was necessary to provide soil crumbs on the surface but to leave
larger aggregates buried. Spring tine cultivators which have the
opposite effect may however be preferable on more unstable soils where
slaking could occur if the surface aggregates were too fine. Some
direct drills used in the UK, in particular the International 511
drill, have spring-tines as soil openers.

2. CONDITIONS IN THE SOIL PROFILE

It was found that although farmers and contractors recognised the
surface conditions best suited to direct drilling and the need for
harrowing or rolling, they paid less heed to underlying soil con-
ditions, such as compaction. Typical symptoms of compaction were bad
drainage or crops which emerged satisfactorily but later declined in
vigour. Layers of compacted soil in the profile restricted drainage
and root growth because of the scarcity of large pores. Winter crops
died back through waterlogging, and spring and summer drilled crops
failed to put down enough roots to the subsoil to ensure adequate
water supply. Plant roots responded to overcompaction by becoming
generally thickened and stunted with extensive lateral root growth.

Good natural or artificial drainage indicates that a soil has enough
large pores for adequate root growth. ©One exception, however, is
coarse sandy soll types with low organic matter. These soils are
unstable and tend to 'close pack'. When this occurs the remaining
pores are still large enough for free drainage; 60p diameter is the
approximate limit for the movement of water under gravity (4). How-
ever these pores are too small for growth of cereal roots (5). Hence
seedlings from direct drilled spring cereals, which have limited
penetrating power, are unable to push their way through a soil which
is drying and hardening. Winter cereals establishing when the soil
is moister and softer have been much more successful on these soils.

Other unstable soils such as fine sands and silts may be affected by
natural settling over the winter period giving rise to a massive
condition. Yields may be affected in the first year of direct
drilling and more so in the seconde.

Remedies for more deep-seated soil problems which should be carried
out before direct drilling should be based on the rule 'Do no more
cultivation than is necessary'. As with ploughing, moledrainers and
subsoilers can be used to rectify soil problems. The indication is
that the need for these may decrease with continuous direct drilling
once the problems created by the plough have been overcome, Excessive
loosening of the soil by cultivators before direct drilling is
undesirable. If the natural structure of the so0il can be retained,
as with moling or subsoiling, then the inherent strength of the soil
makes it less likely to compact under the drill, fertilizer, or
herbicide applications or harvesting. Soil disturbance is excessive
when chisel tines or heavy flexitines are used and should be avoided
except in severely compacted soil. The problem of how to achieve a
good shatter in the 0-20cm horizon where compaction can occur under
direct drilling, yet leave an even gurface is of great current
interest. If this can be achieved many potential acres on poorly
structured soils would be open to continuous direct drilling with
possible benefits in soil structure improvement,
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CHANGES IN SOIL STRUCTURE UNDER CONTINUOUS DIRECT DRILLING

Three characteristics existed in soils which had been direct drilled
for up to ten years. These were; a gradation in colour down the
profile, the darkest soil being on top; an active earthworm population;
and a modified soil structure. The colour changes were due to differ-
ences in soll organic matter added to the surface in the form of plant
debris and ash from burning.

TABLE 2. Percentage organic matter profiles in a range of soils.

Soil Calcareous Calcareous Loam Silty clay
texture loamy clay Loam
sand loam
No of years 10 10 6,kale,barley, 3
direct drilled cereals cereals grass rotation cereals
0w2°5 cm 46 2°8 67 2°7
2°5=5 ¢m 4°1 2°5 625 2°4
5-10 cm 37 Z°3 521 2°7
10-15 cm 37 2°2 4°4 2°1
15-20 cm 34 2°3 35

This colour effect was not pronounced in very dark chalky organic
soils or on some heavy soils with only two or three years of direct
drilling. It has been reported that profiles of soil organic matter
can be reflected in aggregate stability by wet sieving (7). During
this investigation such a correlation has not generally been found.

In direct drilled soils the earthworm population appeared to be high;
up to five times the number in cultivated plots on the same soil have
been reported (8)., Their activity was responsible for much of the
large pore space with burrows up to 5 mm in diameter. These were
darkened suggesting that earthworms were also redistributing organic
matter in the soil. Earthworm channels contributed to drainage of
direct drilled soils and some farmers claimed that previously water~
logged fields have been drained by this feature. Other benefits have
been the use of burrows as root channels and improvement of surface
tilth by casting species.

The changes in structure associated with long term direct drilling
were more evident on clay soils than lighter limestone, chalky or
organic types. Clay soils tended to develop an apparently 'massive!
structure, that is, the soil profile was uniform with few individual
s0il aggregates; these fitted together tightly with little loose soil
between them. That is, below about 3 cm the structure possessed many
of the attributes of clay subsoils. However, a closer inspection often
revealed that the 3<20 cm soil layer, +houah apparently massive, was
really very porous. The extent cof the complex interconnecting pore
system of earthworm burrows, old root channels, fissures and cracks
could only be seen by breaking the soil open by hand. As well as
being porous such soils were also mechanically strong. The surface
1.3 cm of soil usually had a stable crumb or granular structure, ideal
for further direct drilling. This type of medified soil structure was
common on heavy clays, silty clay loams after akout three years direct
drilling, it was particularly characteristic of calcareous heavy soils
such as chalky boulder clays. It was also evident on lighter soils
with reasonable organic matter levels (> 2%) such as 0ld Red Sandstone,
East Anglian ‘skirt' soils and some loams. Other soils which were
poorly structured for example coarse sands, fine sands and silts often
gave poorer results in the second year of direct drilling and were
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~loughed up. Because of this the long term effects of direct drilling
sould not be evaluated on soils which did not have an initially porous
structure,

Ir the long term success with direct drillinc depends on factors such
&s solil strength, stability of aggregates in wet weather, cracklng in
the summer and frost heave in the winter, and also on biological

tors such as good root growth and an active earthworm population.
cse factors are vital 1f erough large pores are to be maintained
when the soil is subject te compaction during gra-~ing, harvesting,
settling uncer gravity. Visual assessments of soil structure are
more significant than physicel measurements when considering solls for
direct drilling. It is of prime importance for farmers to accuaint
themselves with the structure and properties of soils and to think
more closely about the way that direct drilling and minimum cultivation
techniaues can be used advantageously.
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DANITSH EXPERIMENTS ON REDUCED TILLAGE

Lorens Hansen
Statens Forsesgsstation, DK 6280 Hojer, Denmark

ABSTRACT

The climate in Denmark is humid, and the soil types are sand or
sandy loam. About 50 per cent of the total agricultural land is
grown with spring sown barley. Tillage experiments show, that it
in several cases is possible to reduce the numbers of operations
in avtum and spring.

Iield experiments with rotavating and harrowing to a maximum
depth of lo cm have given a reduction in yield of 1.6-2.3 hkg bar-—
ley per hectare compared with ploughing to 20 cm depth on sandy
loam. In resently started experiments the problem with ploughless
farming is combinated with mulching of straw and use of green
manure .

TINTRODUCTION

Soil tillage is mainly based on traditions and experiences by the
farmers, and tillage systems are difficult to change. Soil tilla-
ges have to be adjusted to the climate, the soil type and the
crop. About 50 per cent of the soils in Denmark are sandy soils
and 50 per cent are morain sandy loam.

The climate is temperated and humid. The mean annual tempera--
ture is 7.8° ¢, the mean annual precipitation is 662 mm and the
actual evapotranspiration is 4oo mm in the period April-November.
The sowing normally is carried out in April, and the growing sea-
son is about 6 months, May-November. In some years the precipita-
tion in the growing season is insufficient for optimal plant
growth. In the months December-March the soil is frozen for peri-
ods, and the precipitation falls as snow. In spring the soil nor-
mally is saturated to field capacity.

A crop rotation with grain, grass and fodder beets in former
times was usual in commection with mixed farming with cattle and
pigs. The growing of spring sown barley has rapidly increased,
and 1.4 mio. hectare or 50 per cent of the total agricultural
land in Denmark in 1975 are grown with spring sown barley.

One of the main problems of soil tillage in Denmark is how to
grow barley.

PURPOSE

In soil tillage we have in view:

1. to make weed control and to mulch the stubble

2. to change and to improve the soil structure and to make a good
seedbed for germination of the grain.

In Danish farming the interest for reduced tillage is dincreased.

One reason is to reduce the costs in plant growing, and a second

reason is to get a better soil structure and preserve the organic

matter. The requirement is, that crop yield must not decrease, and

the variation in the yield from year to year must be small.
Reducing the tillage may take place in two ways:

1. Reducing the numbers of operations.

2. Tilling to a lesser depth.

s



TRADITTIONEL SOTL TILLAGE IN DANTSH AGRTCULTURE

Stubble treatments normally are carried out with shallow plough-
ing or harrowing to lo-15 cm depth after harvest in August.
Harrowings are repeated 2-3 times in the autumn. The purpose is
weedcontrol, mainly coach grass and mixing the stubble. )

In October-November nearly all areas are ploughed by means of
mouldboard plough to 2o0-25 cm depth. Seedbed preparation is car-
ried out in April by harrowing 2-4 times to a deplth of 5-~lo cm.
Sowing is carried out by drillmachine. By experiences the farmers
know how to use the different implements, and under which condi-
tions they can be used. '

Changes to other systems or new implements rize problems to
give the right instructions in the use.

EXPERTMENTS ON REDUCED NUMBERS OF OPERATTONS

In field experiments on different farms stubble treatments have
been compared with plots without stubble treatments. The soil is
ploughed in Ocuober-November. Some results are shown in table 1
and 2.

Table 1 Stubble treatment (32 exp.)

Yield Caracter per cent
kg barley (o-lo) for ophiobolus
per hectare coach grass graminis

Untreated 38,7 L.3 8
Stubble treatment 39.8 2.5 9
Table 2 Coach grass control (59 exp,)
Yield
hkg barley  Relative Coach grass
2

per hectare shoots per m
Untreated 32.5 loo 119
Stubble treatment 37.9 116 L3
Chemical 39.6 121 30

The conclusion of these experiments is, that stubble treatment is
unnecessary except on areas with coach grass. On many areas the
expenses for stubble treatment can't be saved.

In table 3 the results of experiments with seedbed preparation
for barley are shown.

Table 3 Seedbedpreparation
Tield Depth of Porosity
hkg per Relative treat- per
hectare ments,cm cent

e s e e S B 6 s i v

2 shallow harrowings 36,1 loo L.7 L9

2 deep - 35.0 96 9.5 51

2 deep + 2 shallow - 36.5 loo 8.8 50
Sandy loam scil (19 expe}

3 shallow harrowings L4y.6 loo 5.5 Lé

3 deep - Lhys.,1 99 13.3 52

3 deep + 3 shallow - Ly, 2 99 8.6 L9
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Seedbedpreparation by 2-3 times of harrowing to 4-6 cm depth has
given the highest yield and the best result. Several times of har-
rowing and harrowing to greater depths have no effect and is un-

necessary.
PLOUGHLESS GROWING OF BARLEY

Reduced depth of tilling is not possible by use of the plough.lt:
requires new types of implements and new experiences how to use
them. In Danish experiments the rotavator is used. In table 4 the
traditionel tillage with ploughing to 20 cm is compared with ro-
tavating to lo cm depth. On an average of 3 vears the ploughless
treatment bas given a reduction in yield of l6oo kg barley grain
per hectare. ’

Table 4 Ploughing and rotavating (20 exp.)

Yield
hkg barley  Relative
per hectare
Stubble treatment, ploughing 20 cm, 38.0 loo
Seedbedpreparation

Rotavator 3 times, max. lo cm 36 .U 96
Experiments with ploughless farming have to run for a period of
several years in order to measure the effect and variation in
vield and change in soil structure.

In 1968 experiments on 3 soil types were started. The tillage
operations and some of +the results are shown in table 5.

Table 5 Barley growing without ploughing since 1968
Yield, hkg Relative Pores > 30 um
per hectare

L I o | L I ~ -

s & b BB 5 B B

5 8 = § &8 4 & § o

) ) ) noon w 0 ) )

Stubble treatment, 33.5 42.3 44.7 loo loo loo 30.3 6.3 15.1

ploughing, 20 cm,
seedbedpreparation

Chemical weedcontrol, 30.6 36.9 L42.4 91 8 95 3o0.l1 7.8 14.6
Rotavating in spring,

3 cm

Rotavating in spring, 34.1 41.2 41.8 102 93 o9 139.6 19.4 28.2
lo cm

Stubble treatment, 33,9 38.9 42.9 1ol 92 96 33.7 12.1 16.5

seedbedpreparation,
lo cm
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In the plots without ploughing there have been problems with
coach grass and with lack of experiences for the right time and
the right way to use the implements. In plot no. 2 it has been
difficult to dxrill the barley seed.

On the sandy soil the ploughless tillage has given the same
vield as traditionel treatment. On the sandy loam and the silty
loam the highest yield is obtained after ploughing to 20 cm
depth. Reduced depth of tilling has given a reduction on 1.1 -
3.9 kg grain per hectare. The volume of large pores (> 30 um)
is higher after the ploughless tillage.

New series and experiments have been started during the last
two years. In these experiments the problems of straw mulching
and green manure are included in combination with ploughing and
ploughless tillage.
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Comparison of implements for secondary cultivation

Hermann J. Heege, Institut flr Landtechnik,

Universitit 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 (Fig.1). The percentage of the power transferred
to the implement by the power take off increases in the
following order: reciprocating harrow, reclprocating
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 transferred
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-

14:1



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 effectd

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 disg-
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 1f they were driven by the

power take off.
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The gso0il 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 reguired between the
cultivation implement and the drill. The result 1s 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 gso0il 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 isg, the more

even 1is 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
the tool 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.
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The preparation of an even soil surface also requires suffi-
cient soil pulverization by the implement. In case the im-
plement tools would not leave any furrows and ridges, the
evenness of the relief would depsnd mainly on the size of
the soil aggregates. However, the results in the Figures 3
and 4 can only be explained to a very small extent by diffe-

rences in the distribution of the soll aggregates.
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Table 1: Rank of implements in the mixing effect Vi L
BONN
Implement ]
| Rot. Harrow Finnish | Reci- | Danish | Rotary | Reci-
{operat. vert.) Rotary | procat. | Culti- | Harrow | procat. |
PTO Harrow | Stars | vator |loperat. | Harrow
curved |Lshaped horizont.)
knives | knives D PT0 D PT0 PTO
site A 1 2 3 4 7 5 6
site B 2 1 3 6 4 5 7
site C 1 3 2 5 4 6 7
Mean | 1,33 | 2,00 | 2,67 | 500 | 5,00 | 533 | 667
-J-

decreasing mixing effect

PTO = power take off driven D = drawn

Theh
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R Speed of the implement in km/h
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Harrow Stars {horizont. rotation) (vert. rotation)
1: Power transfer to the implements

Frequency of reciprocating tools: 9 Hertz
Peripheral velocity of rotating tools: 3,6 m/s

1000 Nm
500 Nm
0 Nm
Reciprocating Harrow Reciprocating Stars
1000 N
500 Nm
0 Nm : _
Rotary Harrow Rotary Harrow
{operat. horizontal) loperat. vertical.)
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 RPM
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EFFECT OF TILLAGE AND FERTILIZATION OF DIVERSE TYPES
OF SOIL ON MAIZE YIELD

R.Jovanovié¢, F.Kollar
Maize Research Institute, Beograd - Zemun Polje,Yugoslavia

ABSTRACT

Primary tillage and mineral nutrition are not
isolated cultural practices. Their effect depends on the
relation: soil - ecologic plant conditions = complex of
culture practices. Therefore, we have studied on cherno-
zem, shonitza, pseudogley, Brown forest soils and their
combinations the effect of: the depth and time of primary
tillage, amounts of mineral fertilizers and the plowing

under of stubble fields on maize yield.
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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.
During plowing soil moisture was found to be: on chernozem 18.39%,
smonitza 17.54%, brown forest soil 18.48 and pseudogley 17.96%. The
solil was medium moist during tilling, not sticky and suitable for

tillage.

Amount of fertilizer:

a) N-75 kg/ha, P,0.~60 kg/ha, K
b) N-120 kg/ha, P20r~96 kg/ha,K
¢} N-165 kg/ha, P20

20-39 kg/ha -~ total 174 kg/ha
20--60 kg/ha - total 276 kg/ha

-132kg/ha, K,0-82 kg/ha- total 379 kg/ha

U U

Ratio of fertilizers: 1.0:0.8:0.5 NPK

Simultancously with seedbed preparation in the fall 75% of pho-
sph@rés and potassium fertilizers were plowed under. The remaining
cquantity and 75% of the total nitrogen fertilizers was taken into
the soil during pre-planting preparations. The rest of nitrogen fer-
tilizer was used up during the vegetative period in the 5-6 leaf
atage.

The investigation was conducted during 1971/1975. The
following types of soil were studied: chernozem, smonitza, brown

forest soil and pseudogley.

The maize hybrid under observation was ZP SC 58C.,
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RESULTS

Depth of tillage:

The soil of a heavier granular composition like
the pseudogley soil reacted significantly to a greater depth
of primary tillage. On the other hand, the types of soil ha-
ving a lighter granular composition as in the case of cherno-
zem and brown forest soils, no signifiéant reaction oécurf

red to deeper primary tillage. (Fig.l).

Chernozem soil tilled at a depth of 40 cm compa-
red to 25 cm gave greater grain yield by 1.62 mc/ha (1.84%).
Similar results were obtained with smonitza and brown forest
soils. Smonitza soil tilled at a depth of 40 ¢cm in compari-
- son with 25 cm gave better grain yield by 1.68 mc/ha (2.22%).
The effect of a greater depth of tillage in the casé of bro-
wn forest scoil was an increase in grain yield by 2.27 mc/ha
(2.96%) .

An analysis based on the LSD test shows that di-
fferences in grain yield influenced by deeper primary tilla-
ge are justified only in the case of pseudogley soil. In the
other types of soil the difference is not significant for 5%

and 1%.

Mineral nutrition:

The lowest yields in all types of soil were ob-
tained when the smallest dose of mineral fertilizers was ap-
plied. With increasing the amount of fertilizers applied in
all types of soil, yield was not increased in the same ra-
tio (Fig.2).

In the case of chernozem, smonitza and brown fo-
rest soils, there exists a significant difference in grain
yield between variants 174 kg/ha and 276 kg/ha of mineral
fertilizer. Between the variants 276 kg/ha and 379/kg/ha
of fertilizer the difference in yield is not significant for
5% and 1%. On the contrary, on pseudogley soil variant 379

kg/ha compared to 279 kg/ha of mineral fertilizer influenced
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vields significantly. An analysis of pseudogley soil based
on the LSD test shows that there is a justified difference
in grain yield between the variants 174 kg/ha and 276 kg/ha,
as well as betwern variants 276 kg/ha and 379 kg/ha of mine=-

ral fertilizers.

The variant 276 kg/ha of mineral fertilizers com=-
pared to 174 kg/ha gave in the average a greater grain yield:
on chernozem 3.8” mc/ha (4.13%), smonitza 3.28 (4.28%), brown
forest soil 4.76 mc/ha (6.44%) and pseudogley 5.14 mc/ha (7.55%).
Retween the variants 379 kg/ha and 276 kg/ha of mineral fer-
tilizer, the difierence is smaller and was founa to be as fo-
llows: on chernozem 0.66 mc/ha (0.7%), smonitza 1.15 mc/ha
(1.43%) , brown forest soil 1.82 mc/ha (2.32%) and pseudogley 4.98
mc/ha (6.80%) .

Pseudcyley soll in comparison to the other types of
soil reacted noteably to greater doses of mineral fertilizers.
In relation to the content of physiologically active substances,
this soil is compared to the other types of soil very poor.This

explains its significant reaction to mineral fertilizers.

2, Effect of stubble field plowing under and the
time of primary tillage on yield of hybrid
maize-of the FAQ 500 maturity group

Method

The study was conducted on smonitza soil during the
period 1971/1975.

- Thestubble field plowed under to a depth of 15 cm
imnediately after harvesting wheat, primary tillage carried out

in the fall at a depth of 30 cm.

- Primary tillage carried out in the fall at a depth
nf 30 cm without prior plowing under of stubble field.

Stubble field plowed under to a depth of 15 cm im-
mediately afster harvesting wheat, primary tillage conducted in

the spring at a depth of 20-35 cm.



Results:

As it can be seen from the results in table 1,
the greatest average yield was obtained by conducting pri-
mary tillage in the fall along with prior plowing under of

the stubble field (82.71 mc/ha) . Provided the stubble fi-
eld was plowed under following wheat harvest, yield proved
to be higher after spring primary tillage as well (80.34
mc/ha) compared to yield after fall primary tillage without
prior plowing under of the stubble field (74.56 mc/ha) .

The difference in yield between the different
tillage variants according to years ranged between 4.57%
and 20.45% (1972).

The investigation was conducted in an arid cli-
mate region, where the yearly amount of precipitation cor-
responded to 206.9 mm (1971), 184.9 mm (1972) and 468.3 mm
(1973) . Precipitation in the first two years of the inve-
stigation represents the limit in maize production under con-
ditions of dry farming. As the distribution of rainfall was .

quite unod, yields were satisfactory,too.

In our earlier investigations (Kolc¢ar, 1974) and
in studies of other authors (Markovicé,1968; Jovanovidé, 1969,
1974; Bozié, 1973) it was found that at equal soil depth mo-
isture content is greater in the case of deep fall tillage
along with prior plowing under of stubble field than witho-
ut it. This explains higher yield, because in the airid cli-
mate a ygreater quantity of winter moisture is accummulated
in the so0il when the stubble field is plowed under prior to
primary tillage.

Tab.l.~ Effect of stubble field plowing under and the time
of primary tillage on maize yield

Fall tillage Spring tillage LSD
Year I - IT
mc/ha % mc/hal % ' mc/ha % % 1%
1971 85.28 100 76.04{ 89.16] 82.11 ) 96.28 | 5.29 8.01
1972 78.08 100 62.120 79.55{ 77.25 | 98.93 | 2.96 3.92
1973 84.76 100 85.53/100.90/ 81.65 ] 96.33 1 1.22 1.60

Average 82.71 100 74.56] 90.14] 80.34 | 97.13

I= stﬁbble plowed under
II= stubble not plowed under
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"The 7th Conference of the International Soil Tillage
Reserche Organization, Sweden 1976",

Tillage problems for cereal production with respect
to different N levels

by

Prof. Dr. G. Kahnt, 7000 Stuttgart 70, Post Box 106

Summary

Next 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 tranported 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 guantity 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 fact that the flow of N
from the soil is influenced by 6 factors:

1. climate . .

2., weather conditions hardly, if it all,

. . controllable

3. soil

4, preceding crop only limited choice

5. s0il cultivation to a certain extent wvar.
6., fertilization fully variable

Regulation of the N supply from the soil, following
the choice of the preceding crop, is, therefore,
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possible only by means of scil cultivation and ferti-
lization, an adaptation to the requirements of plants
1t different growth stages being in the first place
achievable by mineral tevtilizatiovn. Seed-~bed prepa-
ration does, however, require soil cultivation, On
the basis of existing soil cultivation and N fertili-
sation experiments, we tried to determine for our
location the most faveurable data for cultivation
depth and N utdilization valid for wheat with maize
and rape  as preceding crops.

We based ourselves on the consideration that in theory
with decreasing cultivation depths a) less N becomes
plant-available in the soild, and b) the scope of
varialtions in ihe possible N tlow is being reduced
(Table }), This would imply the possibility of reducing
the risk of lodging, ot deseases and too high protein
i malting barley, and permit to avoid
vield depressicvons. The (fact that excessive, unvoluntary

concentrations

Table i Theoretical N supply from the soil (kg/ha)
depending on N avallability and cultivation
depth in the presence of a humus decomposi-
tion rate of -7

% N present culitivation depth

in soil 20 om 5 cm

0,1 30~ 90 (@ vOx 30) 7eH5~ 22.5 (@ 15+ 7.5)
0.3 90-270 (@ 180+ 90) 22,5~ 67.5 (# L5+22.5)
0.5 150-450 (@ 3004 i50) 37.5=112.5 (@ 75+37.5)

N supply from the soil wmay reduce the grain yield be-
came apparent in 1972 during a soil cultivation expe-
riment made with winter wheat following maize on para-
hrown earth. In the preceding vear the maize had been
fertilized at a rate of 250 kg of N/ha, Owing to dry
weather conditions, the N residue after harvesting

was considerable. In the case of ploughed furrow (23 cm)
any N dressing of the subsequent winter wheat led to
reduced yields, The same held true for cultivatowr
tillage (12 cm) whilst shallow rotary hoeing (4 cm)
without N mobilization by so0il cultivation produced,
in combination with N fertilization, a yield increase,
Even without N application, yields increased bestween
25 and 12 cm cultivation depth in order to start de-
clening as Crom 4 cwm,




dtha dt/ha

I1l, 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 O, 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 1in 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 kg of N/ha approx. 8 cm (Ill. 2).

depth |of tillage

cm -

30 4 —H——k— 100 N
e & I5ON
~

224
20 %
| /
N 4/”//4

T ——T A —,'/T"././ilr —r = VR A
0 25 26 2'7 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 A4S fheld

[ e

I11i., 2 Optimum cultivation depth for winter wheat

following maize in 1973 and 1974 with appli-
cation rates of O, 100 and 150 kg of N/ha.
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A very hypothetic curve through the 3 intersections 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 1971/72 with dry autumn weatheyr and a mild winter

with little rain, on the centrary, the maximum 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 (I1ll. 3).

30 - depth of tiilage
cm
— O N
e—s—— 100 N
\ o 150 N
20- IL —— \
\ N
\ ~
\\\ \
\\ \
AN \
10 4 . Rt Ve
N
S + A
. e H
-~ ?: ‘ j:
2‘0 3‘0 l.b 5‘0 60 d'?ha
yield
T1ili. 3 Optimum cultivation depth for winter wheat

following maize in 1972 with application rates
off 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 socil,
this means that the plant will receive a sufficient dose
of N cr that the N supply is too small (vide Table 1),

As long as the fertilizer rate is in line with the achie-
vable vield level, high N dressings should, therefore,; be
better convertible into yields in the presence of small

N supplies from the soil thawn if the flow of N from the
godll is too high,

Our experiments confirm that the difference between the

N guantity determined in the yield/ha and 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 yesulting on ocur typse

of socil reach MSNSO% only, in the case of direct drilling
the corresponding figures are 75-85% (Illa M)ﬁ



100%- \007.,1
96 - 90
80 4 80
70 70
60 60
50 A 50
40 40 -
30 A 30 4
20 4 20
10 10 4

N 100 N 150

I1l., 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. Yape 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)

Better utilization of fertilizer N

W
@

Harvesting facilities by reduced lodging

T
@

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.,0., in the fact that the seed-bed is often of
insufficient quality. In small-scale experiments the
field sprouting of winter wheat was determined for the
moment t (Ill. 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 ¢ (Ills. 6/7). In the
case of more fimnely 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-

Tfactory crumb
rich in humus

structure, resp. on sandy soils or soils
than on clayey acreages insufficiently

prepared by bad preceding crops.
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Auswirkungen bodenphysikalischer Kenn-
groessen auf den Feldaufgang von Getreide.
(Effects of soil physical parameters on
field sprouting of cereals)m

Review "lLandtechnik", 1975 editiomn.

Zero tillage.

"Adv, in Agreonomy", Vol 25; 1973,

Ackerbau ohne Pflug, (Crop farming without
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Gronditroggen en minimale grondtbewerking in
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The 7th Conference of the International Scil Tillage Research
Organization, Sweden, 1976.

Grassland renovation

Ing. J.J. Klooster
Institute of Agricultural Engineering, Mansholtlaan 10-12,
Wageningen, The Netherlands.

ABSTRACT

In laboraty- and fieldtrials the germination of grass seed was studied
in relation with sowing-depth and soil compaction.

Sowing at a depth of 2 - 3 cm is to prefer above superficial sowing.
Soil compaction has some positive effect after superficial sowing.
Soil moisture content however is the most important factor for
germination.
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RESULTS
Laboratory experiments

Under conditioned circumstances (temp. + 150C, relative air humidity
40 - 60%) experiments were done in three repetitions with different
soil types (clay, sand and peat), two sowing-depths (0 and 2 cm) and
with more or less soil compaction (expsriment I: 0, 1, 2 and 3% kg/cm
and experiment II: 0, %, 1 and 2 kg/cm ); no water or nutritions matter
was applied. The results are shown in fig. 1. We see that:

a) a sowing depth of 2 cm 1is better than 0 cm.

b) Soil ccmpaction at a sowing depth of 2 c¢m has a negative effect on
the germination.

c) On the objects of 0 cm sowing depth compaction has a possitive
effect; more pressure gives a better result. Probably the contact
between seed and soil is better due to compaction and the young
plant can get more water.

d) on clay the germinatiocn is not so good as sand and peat. Without
soil compaction the contact between seed and soil is rather bad
and with compaction the mechanical resistance may be to high for
germination.

FIELD EXPERIMENTS

In the field about the same experiments as in the laboraty were done to

see the reaction of germination under practical circumstances.

On a sandy soil the seedbed is prepared with a plough and a cultivator and

with a special rotary tiller (buryvator, reverse rotation, see the paper

of Mr. U.D. Perdok: Multi-powered soil tillage implements).

With a sowing machine the seed is placed superficial (0 cm) and at a

depth of 2 - 3 cm. After sowing the soill is compacted with a pressure

of 0, 1, 2 or 3 kg/cm2 by using a flat roller (ballasted with water-

filled ccntainers).

The results, shown in fig. 2, are:

a) the sowing depth of 2 - 3 cm is much better than superficial sowing
(as in the laboratory experiments)

b) superficial sowing on the plough objects gives more sprouts than
on the buryvator objects; on the rugged position of the ploughed
surface the seed depth is about 1 cm instead of 0 cm (specially
after raining)

¢) soil compaction has some effect on the ploughed okjects with
superficial sowing and perhaps on the buryvator objects with 2 cm
sowing depth. On the other objects compaction has hardly any effect.

Other fieldtrials showed the difference in sowing-depth between the

various machines used for grassland renovation (fig. 3).

The well-known machine, Brilldion, sowed in the upper layer (0 - 1 cm).

A flax-sowingmachine (with pipes) can place the seed at a depth of

2 = 5 cm.

A special machine for grassland renovation is the sowing-buryvator.

In this machine the operations are combined. The buryvator is equipped

with a sowing mechanism for grass seed and with a roller. This machine

is sowing at a depth of 0 - 2 cm.
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stract.

method is described imitating the effects of spring tillage on o
micro scale. By treating a series of samples with increasing moisture
content, observing the results, the critical moisture content is
found. The grading is done by obsevrvation and can be quantified by
measurement of the pull of a spatula and by sieving after drying.
fcetone drying and sieving did agree best with cbhservation. The methoc
was calibrated against the moisture content at spring tillage of 2C

fields belonging to 20 experienced farmers.

Introduction.

In Holland the spring tillage has to provide results which can be user
at once. Often the soils are too wet for succescful tillage but post-
ponement of seeding can result in a decrease of yield up to 1 percent
per day, Wind 1960. The farmers try therefore to prepare the seedbeds
as soon as possible. The results of tillage are consequently limited
by the smearing and puddling occurring when & =so0il is toc wet and soft
to be worked and driven over. Though most farmers are quite able to
chose the right moisture content some need of objectivation exists,
ezpecially with a view to feorecasting the right moment of spring

tillage.

“lethod.

In order to be applicable at all the method must be cheap necessitat-
ing only a small quantity of scil, e.g. 1 kg. The last cendition
implies that the dimensions of the model field must be small also. Tis

small dimensions of the field e.g. 7 om imply that only small

velocities can be used, cm/sec instead of m/sec. The instrument Torce

R

which act chiefly in a horizontal direction are substituted by a

with a larger compressive component also the action has to be repeat



Frinciple.

Replicate soil samples forming a series of moisture contents are
worked in a standard way. The results ave evaluated by sight and may
be quantified by pull measurements and sieving. The moisture content
1 % below the moisture content at which the aggregates are enlarged
and the pull increases sharply is regarded as the maximum moisture

content for spring tillage, the Upper Tillage Limit.
Preparation.

drying if necessary. Six o 10 portiocns of 20 g are filled into pre-
weighed stainless steel dishes 7 com wide, fig. 1. The aggregates are
tapped into a tight packing with the aid of a tightly nailed plank or
flower pricker. A series of moisture contents is established covering
the range from pF 4 to -2 or 1.5 in steps of 2 %. The water is applied
evenly and dropwise from a 10 ml pipette graduated to the tip. The
dishes are covered and left to equilibrate overnight in a saturated

atmosphere,

“reatment.

s tool is used a 200 g hammer with a beveled head, see fig. 1. The
welght of the hammer pivoted 20 cm from the head is 180 g, its cross
section area is 3.58 ch and the pressure 50 mbar. This hammer is
dragged 80 times across the dish, half way with respect to the far
end; each time the dish is rotated a 160°. Care is taken not to apply
any extra compressive force. The velocity is about 1 cm/sec. Adhering
soll is scraped off at the inner side of the dish. After the test the
moisture content is determined using the dish. Changes in soil struc-

ture during the test are recorded.

Classification.

The aim of the tillage being to break up clods the resulting struc-
tures are classified according to aggregate zize. 0 means nothing has
~hanged, e.g. dry clay soil. This mark goes up to +5 according to the
wercentage having a diameter 4 or less than the original. When the
:0il is getting too wet an increasing portion adheres tc the bottom
ind the marks are lowered accordingly passing through zero. If all of

the soil has been converted into a stiff shiny massg the mark is ~5.

19:2



Quantification, supplementary.

The results can be quantified by measuring the pull or the size
distribution by sieving. As the latter method is rather time consuming
the information gained will not always warrant the expenses.

I. Pull.

With moisture contents above the U.T.L. on working the fine fragments
of the aggregates are stuck one to another and to the bottom of the
dish. The pull then increases abruptly with increasing moisture. The
pull is measured with little cost using the set up pictured in fig. 2.
A rectangular spatula 0.9 cm wide is pushed vertically into the soil
where the thickness corresponds with the average. The spatula is then
pushed away from the balance and the gram force is recorded, see

figs. 3 and 4. Conversion of pull into shear strength. The pull of

the spatula can be converted into shear strength using Mann's formula
(1974) (also Payne 1956) T, = g.f./4.04 d, where d = thickness of the
soil layer in cm. The latter is measured with a calipher.

II. Size distribution.

To obtain a soil which can be sieved it has to be dried first. During
drying small fragments are often cemented to larger ones. To prevent
this cementing the water can be replaced by acetone before drying.
II.1. Cheap sieving procedure.

The aggregates are divided into three classes: unaltered-smaller-
larger. As small changes in form allow a sieve fraction to pass
through the lower limit sieve, the range of '"unaltered" has been en-
larged to 1-4 mm. The effect of acetone drying as shown in fig. 3 1is
not striking. The method does not register fully the changes as
observed, upper part graph 3.

II.2. Complete sieving analysis, Relative Clod Surface Area.

The soil is sieved through a range of sieves from 10 mm dowEOO.OS mm.
As permeability, velocity of base exchange, accessability to plant
nutrients and strength depend partly on the specific exterior surface
area of the aggregates, the latter is chosen as parameter.

The Clod Surface Area is found by multiplication of the weight of the
size fractions with their specific exterior surface area, dividing
the sum of the areas by the sum of the weights. The specific exterior
surface area of a size fraction with diameter d and density o is

SC = 6d2/pc.d3 (cubic form), so SC = 3.33/d. The mean diameter of a

sieve fraction is assumed to equal the lower diameter plus 1/3 of

the range. As the assumptions as to form and density may not hold,
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“he Relative Clod Surface Area may be a better parameter, i.e. the

factor by which the surface area of the original sieve fraction has

ceen changed.

In fig. 3 the visual observation the pull and the cheap sieving of
soil 20, 32 % clay, 5 % humus, 2.1 % lime are plotted against the
moisture content. The agreement between cbservation and sieving is
only fair, the top at 21 % not showing with the latter. The results
deteriorate between 23 and 25 % and the pull rises sharply there,
therefore the critical value is 24 % and the U.T.L. lying 1 % below
equals 23 %. When the pP curve is available it is of advantage to plot
the data against the pP value as in fig. 4. Both limits lie close to
»F 3, which means that some sharp drying has to occur before the soil
can be tilled. The R.C.S.A. as determined with acetone agrees best

with the observaticns.

calibration.
The number of draws of the hammer was found as follows. Twenty

samples were collected by U.D. Perdok with the moisture contents at

%

spring tillage. The clay content ranged from 14-48 % and the humus

%, all were calcareous young polder soils. The

content from 1.4 to 5.4
samples were prepared as described. The moisturs content of one sample
was brought to 1 % above the tillage moisture and treated with the

hammer. It proved that with 80 draws of the hammer a dense struc-

ture was obtained. This number was applied to &ll soils with the re-

sult as shown in fig. 5 and equation 1.

@

9) =

Wl

SIE

U.T.L. = 0.86F + 3.61 r = 0.904 P (r > Q.
I = field moisture at tillage).

That the relation is slightly askew 1s caused by the first 7 samples
from Flevoland, the ycungest polder. The ripening had not come to an
end in the poider but did so during drying in the lab. This explana-
tion is corroborated by Perdck (1376) who using an U.T.L. determina-
tion based on air permeability after standard compression found U.T.L.
= 0.86 F + 3.17, the same ['levoland samples lying to the right of this
relation. The relation of the U.T.L. to the composition of the soil is

U.T. L. = 0.34 (% clay + 4.5% % humus) e = 6.913
7. XY
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The Tth Conference of the International voil Tillage Research
Orgonisation Sweden, 1976,

Mechamical properties of precompacted soil as affected by the
moisture content at precompaction.

A¢Je koolen,Department of agricultural ingineering,Tillage Labora'o.
ry, Agricultural University,Wageningen,The Netherlands

ABBTRAGT

Compaction at seed=bDedpreparation affects the resistance of the

soil to furtier compaction at inter-row cultivation and harvest, as
wall as the energy needed for tillage to loosen the soil after the
harvest, These interrelations are not yet fully understood,.The
present paper is intended as an introduction to the problem, offering
a basls for solutions and providing information on the strength of
compacted soil as affected by the moizture content where compaction
occcurred,

INTRODUCTION

At the start of a growing season, the soil is compacted by ficld
operations., During inter~row cultivation and harvest, the soil may
be additionally compacted. After the harvest, cenergy is applied to
loosen the soil again. To make cropping as optimal as possible(i.e.,
to reach maximum profits), it is necessary to know how these three
sets of operations influence =ach other. This paper is intended as
an introduction to the problem of how the soil moisture content
prevailing at the start of the compacting seed-bed operations
(precompaction) influences firstly any further compaction occurring
during inter-row cultivation end harvest, and secondly the amount
of energy needed for so0il loosening after harvest.

ARl VANT IMKCHANICAL PROPERTIES Of S0IL

501l loosening by a plow and soil compaction under wheels are
processes depending on: properties of the plow and wheelj aystem
properties such as working depth, travelling speed, etc.} and
mechanical properties of the so0il pertinent for the process in
nuestion. The ways in which the processes in question depend on
these properties form a subject formally called soil dynamics in
tillage and traction.
Hany methods are available for measuring the mechanical properties
of soil, including tensile strength determination, the unconfined
compression test, the tri-axial test, the uni-axial compression
test, and the compaction test applying hydrostatic pressure.
Indications have been obtained that the unconfined compression test
ig preferable for soil-loosening processes and the uni-axial
compression test for compacting processes.
Uni-axial compression test, In this test a piston which gradually
conpresseg soil in g cylinder is used(fig.la)a
Py measuring the mean pressure on the piston(éﬁﬁ and the soil
porosity(P) continuously during the test, a g”-P relationship can
be determined., The lateral strain is zero and the 77 /7 ratio is
about 0.5. From the stresses within a soil masg under a wheel, the
largest principal stresses &7 can be estimated with reasonable
accuracy, but the Cj/:f ratios are not known., However, our
calculations on data measured in tri-axial tests by other authors
(1,2) indicate that the J” ~P relationship is not greatly affected by
the 7,/ ratio, Therefore, the . -P relationship measured in a
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uni-axial test can be considered valid for compaction under wheels,
This test has the advantege of belng relatively simple to perform,
Uneonfined compression test. In thiz test 2 soil cylinder{height
10 cm, diameter 5 cm) is failed by two pressing plates(fig.lb), and
both failure stress JF end failure strain £, are measured at the
moment of failure. r

g i

' load
cylinder A transducer

— piston
soil rmmel _— top plate
7 ;

3

- soil

—— bottom plate

fig. 1a fig. 1b

s I

FPor a small curved blade operating in several types of scil, the kind
of s0il failure(shear-plane failure, steady cutting, or open arack
formation) could be predicied from 07 and £4 (3). In scale model
resesrch with earthmoving equipment, "scaling” of soil strength was
quite successful on the basis of 07 and £, (4). The unconfined
compression test too is relatively simple. On the vasis of these
findings it is concluded that: compsction involved in seed=bed
preparation can be simulated by uni-axial compression of initially
locse 30il, uwni-axlal compression of precompacted soil simulates
further compaction at inter-row cultivetion and harvest, and soil
loosening after harvest can be simulated by +the unconfined compression
tegt,

DETERMINATION OF THE EFFECT OF THI MOISTURE CONTENT AT PRECOMPACTION

The moisture content(m.c.) at precompaction affscts the strength
of precompacted soil via twe phenomena; 1) the m.c. at precompaction
influences the degres of compaction reached at precompaction, and
2) the m.c. ot precompaction infinences the wicro-structure of
precompacted soil,.

Since the first of these phenomena has heen investigated
extensively, but the second much less, the following is comnfined to
gtrangth effecte of the m.c. a2t precompaction to the extent that
strength effects were meessured in precompscted samples having equal
porosities and egual moisture contents at the time of testing. The
data derive in part from the literature and in part from research
done in our laboratory. For the sake of completeness, these data are
nct confined to uni-axisl and unconfined tests.

Meisture content is expressed ag a percenbtage of dry welght,

P.R.Day and G.G.Holmgren(5): In this work portions of aggregates
(size fraction 1 to 2 mm, moistened by adding crushed jce, were
precompacted to obtain scil blocks. Thesge blocks were allowed 1o dry
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under room conditions until equilibrium was reached, after which the
resistance to crumbling was estimated by manual crumbling of the air-~
dried blocks(see Table 1).

Albrecht Gerlach(6): Portions of sieved dry loam soil were moistened
by mist spraying, snd theww compacted to form soil briguets, After
this precompaction, the desired changes in moisture content were
obtained by adding water of by drying under room conditions, The
tensile strength of the briquets was then measured by bending tests
(sec Table 2).

H, Kuipers and B, Kroesbergen(7): Almkerk silty clay passing through
a 10 mm screen, was moistened by the addition of water. After
precompaction,the m.c. was chanzed by adding water or by drying under
room conditions. Both the m.c. at precompaction and the m,c, at
testing were varied, Testing consisted of measurement of the shear
strengths at zero normal load in a torsion shear apparatus(fig, 2).

1.3 |
:lgizzgth 1.1 4T iit §§5§?§§OZ§aftion,
( bar ) .9 ﬂ\\\\\\\\\
o7
]
o3 .

i
o1 - T T Y | ¥ 1 \39"50

20 21 22 23 24 25 26
m.c. at testing, % ==

fig. 2

Uni=axisl compression tests

a) A given amount of aggregates of ilmkerk silty clay(size fraction
2 to 3.4 mm, mec, 19%) was divided into 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 18.5%, After
being precompacted to reach 50% porosity, both soils were dried
under room conditions to about 17% m,c. before being subjected to
further compaction to determine the uni-axial compaction pressures
needed to reach 45p porosity(fig.3).

b) One part of a given amount of Wageningen silty clay loam which
passed a 3 mn screen and had an initial m.c., of 20% was moistened to
27% mecoy precompacted, and dried to 20/ . Several degrees of
precompaction were applied. Testing consisted of further compaction in
uni-gxial compaction tests. The second portion was both precompacted
and tested at 20% m:ic. The necessary changes in m.c, were effected by
adding crushed ice or by drying under room conditions. No effect of
the m.ce at precompaction was found for any of the degrees of
precompaction applied. In these tests the level of compaction
pressures was lower than in the tests mentioned under point a,
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Table 1

Soil {ype Meco at bulk density soil
precompaction at testing strength
Silty clay loam 254 3% 1l.22 gms/cc weak
16.7 " firm
Clay loam 2546 0.85 weak
195 " very weak
Table 2
Meco at Changes in m.c. between MeCo at tensile
precompaction | precompaction and testing strength
testing
Th none 7% 0.25 bar
14% drying 1o 7% T% 1,00
T moistening to 1l4%, then o 0,50
drving to T/
Table 3
no, M.Ce at R.Ce &t porosity
precompsacticn testing at testing (7:,8 5%4
1 27% 15,26% 5045% 0.89 bar 245%
2 27 19,79 50,5 0,87 2,2
3 27 20,12 5065 0,82 2.5
4 27 19.84 50e5 0.89 2.7
mean 27 19.75 50.5 0.87 2.5
5 20 20,08 502 0.47 263
6 20 20,07 5002 0649 2,0
7 20 20,34 50,2 0.49 2.5
8 20 20,66 50.2 Oadld 267
mean 20 20,28 50,2 0.47 2.4
9 19 18.91 5046 .47 262
10 19 18,61 50.6 0.43 2.1
11 19 18.94 5046 0.52 2.0
12 19 18,98 5046 _0.46 2.2
mean 19 18,86 5066 047 201
i3 13 18.78 50.4 0,22 4,1
14 13 18,60 504 0.21 4.1
15 13 18.49 50.4 0624 4,0
16 1 18.75% 5044 0622 4e2
mean 13 18,65 5064 Q.22 4s1
F,
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ﬁi needed 11 -
to compact
to P o= b5% 10 m.c. at precompaction, %
( bar )

9 o

8 18.5

7 - 25,6

6 /L i ] 1 ] 1

14 15 16 17 18 19
m.c. at testing, % S

fig. 3

Unconfined compression tests

a) Water was added to Wageningen silty clay loam which passed a 3-mm
screen and had an initial m.c. of 10%, to obtain two samples, one
having a m.c. of 27% and the other 205, After both parts had been
precompacted, the wettest soil was dried under room conditions to
obtain a m.c. of 20%, Testing was performed by trimming soil cylin-
ders and measuring the 77 and zy'in them, The results are shown in
Table 3(numbers 1-8), '

b) A certain amount of Wageningen silty clay loam which passed a 3-mm
screen and had an initial m.c. of 13% was divided into two parts, one
of which was moistened to 19% with crushed ice, precompacted, and
tested. The other part was compacted before being moistened to 19%
with ice,(see Table 3, numbers 9-16),

DISCUSSION

The results of these studies indicate that the effect of the m.c,
at precompaction is maximal in tests that subject soil samples to a
minimum degree of confining pressure, thus in tests in which it is
primarily the bonds between soil partvicles that determine the test
regults. In tests where the results are dominated by soil bonds, a
higher m.c. at precompaction results in greater soil strengths, but in
tests including further compaction the opposite seems to hold. Day
and Holmgren's measurements on Yolo silty clay loam form an exception
to this, and fig. shows a range of precompaction moigsture contents
in which there is no effect at all, It should be noticed that the
effect of the precompaction m.c. is hardly distinguishable from the
cffects inherent in drying and moistening processes occurring between
precompaction and testing. According to Gerlach's results, these
drying and moistening processes do Influence the messurements. The
unconfined compression tests indicate that the precompaction m.c, may
or may not affect failure strain &4 .
It is elear that a physical model 1s 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
nunmber of soil particles in a unit of volume, which is the complement
of poresitys the distribution of soil particles in space, which is
related to pore-size distribution; the volumetric moisture content
(ch/cmB)g soll-water distribution within the soil; the honds at points
of contact between solid particles not arising from soil moisture
tension; and the distribution of these bonds,
In addition the model should includes:
1) how the strength factors alter when soil is precompacted,
2) what alterations occur in the strength factors cue to drying or

wetting,etc., between precompaction and testing, and
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3) how the results of uni-axial compression and unconiined compression
tests depend on the strength factors.
A contribution to the third problen is given in fig.4, which shows
the results of tests on semples haviang the same total moimture contents
(20%), but consisting of parts with various moisture contents.

Gj G, £f, Wageningen silty clay loam
(var) (bar) (% Porosity = 50 %
33 Mean m.c. = 20 %
unconfined
1.06 3.1 ] Eif compression
1\ e
e96 2'9 A," “ "'B

\
f

e
1.9 .86 2.7 mfﬁivﬂ« e uniaxia
compression

]
108 0?6 \_‘

”v B

5 \a N

-66 E T Y i f ] Y q; A
] 4 2 z L 5 6

- difference in m.c,
fig* N » between A and B ( % )

In this figure, O’ is the pressure needed to reach 50% porosity in a
uni-axisl compression test in which the m.c. of the upper half(B) of
the sample differs from that of the lower half(A). qz and ¢/ were
ovtained in unconfined compression tests on samples whose central
parts(A) have moisture contents differing from those of the outer ends
(B). It is clear from these findings that unconfined compregsion tests
can be kighly susceptible to local differences in m.c, within the
sample,

Attempts to elaborate a physical model on the bagis of the data in
the literature raise meny gquegtions which can only be answered by
further research.
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Lancapplication of licuid manure, fundamental

)

+
R. Krause, C. Sommer, M. Zach

The main obiections against the landapplication of
liouid manure are odor emissiones and the danger of
water pollution. To prevent these dangers should he
the aim of each farmer not onlv hecause of a general
sanitation hut because emissiones, leakage and run off
are losges of costlv nutrients at the same time. To
succeed in this effort manure has to be covered with
soil immediately after spreadinag to prevent oder and
gaseous losses and to be distributed and mixed very
intensively with scil for optimal storage and plant
nutrition. Different technicues suitakle to combine
optimal utilization of nutrients and concerns of

onvironment control are discussed.

+) NDr.-Inag. . Krause, Dr.-Ing. C. Sommer and Dipl.-Ing.
M. Zach are research engineers in the Forschungs-—
angtalt flir Landwirtschaft in Braunschweig-Vdlkenrode,

f.R. Germany.
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Landapplication of liquid manure, fundamental recuirements
and new technicues

Introduction

Liquid manure has induced a lot of public discussion and
activities in research as well as in legiglation. Two main
points are discussed:

1. Odor and water pollution, that means environmental
control,

2. suitable and optimal application in plant production.

The traditional technique of application has to be adapted
to the changing situation in animal and plant production.
as well as to the public interest in general sanitation.
The more expensivemineral fertilizers become the easier
the environmental problems can be solved, especially for
animal holdings with no or not enough land to spread the
manure, because of the increasing market for manure, and
the decreasing pressure to look for possibilities to get
rid of this product.

Regarding landapplication of liguid manure the soil has
to fulfill three main tasks: To be

1. store, filter and reactor for the liguid and solid
rhase of manure including all nutrients and other
contents,

2. seedbed with optimal plant nutrition and micro
climate as well as anchoracde,

3. roadway for tractcor, tanker and implement.

Functions of the soil

1. The soil as store, filter and reactor:

Odor and water pollution are the main objection to the
landapplication of manure. Odor emigsions can be reduced
comparatively easy by regarding weather, direction of
wind, distance of living and recreaticnal areas, time of
day, season, spreading equipment and technigues and soon
incorporation. Measurements with the olfactometeyr show
that emissions can be prevented immediately and more or
less totally independent of the procedure by covering
liguid manure with at least a thin layer of soil, but that
odor emissions can be reduced already remarkably by a flat
curve of the manure stream close to the surface instead

of the standard procedure.

More serious is the problem of water pollution and losses
especially applying high rates of liguid manure. Trying
to find the maximal tolerable application rate we have

to separate the hydraulic capacity of the goll (the water
holding or field capaecity) and the chemic capacity



(mainly exchange capacity). Both limits should not be
exceeded.

Besides the species of plant, the rotation and some local
factors as soil type, soil condition, biological activity
and actual fertilizing the degree of leakage of nutrients
depends also on the mechanical treatment of the soil. The
oxygen supply, corresponding to the pore space, which
again mainly depends on mechanic and cenetic compaction
and loosening and the temperature in the soil that means
also the depth of incorporation, influence the store,
filter and reactor capacity of soil. But even more
responsible for these functions is the actual inner
surface of the soil and the chance of licuid manure to
meat such free surface -~ that means sorption complexes -
by intensive mixing of licuid ranure and soil. The better
the distribution of licuid manure in the upper tilled
horizon, the smaller is the danger of infiltration and
run off,

2., The soil as seedbed

If an indivicdual nutrition of discrete plants is not
possible we should try to reach a very constant distri-
bution of fertilizer all over the seedhed to quarantee
all the plants the same amount of fertilizer at the same
time. There should also be a suitable vertical distri-
bution to make the nutrierts availahle for the rocots.

Because the time of application is decisive for the
efficiency of fertilizing we should try to applicate

as high an amount of the manure as possihle just before
or during vecgetation to prevent high losses durinag winter
time. But this is a prroklem of storage as well as of
timing.

3. Soil as roadwav

The trafficahility of soil is in close correlation with
the time of application and condition of the scil on one
side and the size of tanker and the technical ecuipment
including tires on the other side. There are little
problems with the landapplication before or during
stubble mulch, when the soil is drv and hard. But
travelling on surface-spread manure for incorporation

in the traditional way causes an incredsed compaction
and slippage, that means damage of soil structure. Deep
tracks, especially in spring cause difficulties in seed-
becdpreparation, Direct injection behind the tanker is

an evident improvement, hut alternative solutions are
discussed in the following.

The technicue of incorporation

Three demands can be deduced from the previously said:
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1. Covering of liguid 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 regarding the trafficability
of the soil.

The most popular implement 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 left behind each tine. Normally the odor
problem can be solved with this implement but with small
tines about 50 cm apart as usually the distribution of
ligquid manure in the soil is poor (figure 1).

400 tubes
$ 4 ¥ 4 injector
. - - - - tines
o M-
5 ha
C
e}
E .
T 200 1 actual rate
3
5 -1 wanted
2 100 -1 distribution
5 ,
0 05 10 15 m 20
width

Fig

Theor. pattern of distribution of licguid
manure incorporated with a tine injector

To improve the distribution and taking inte account the
power requirement and the well known progressive increase
of soll resistance with depth we have to incorporate
manure as shallow as possible and over the total width of
the implement. Goose feet shares as used by IMAG Wage-
ningen could be one step in 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 liguid manure in the soil flow behind the rota-
vator total covering as well as a sufficient mixing and
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 (figure 4).
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Landapplication systems N

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 trsiled tanker,
the manure pumped through a connecting hose,

2. the tillage implement is - as known from injectors-
mountaed 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 system different available tillage imple-
ments suitable for the specific soil conditions can be
used. The landapplication of manure can be combinated with
necessary tillave operations - that means no extra costs
for the incorporation = provided the storage capacity and
organization are surfficient and suitable. To increase

the efficiency of the system several tankers can be opera-
ted = depending on the distance from storade to field -

in order to supply liguid manure continuously to the
tillage implement. Besides the disadvantage 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 regquires a heavy tractor. The
operation of the inplement 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 hills
fields where the trafficability forbids the operation of
heavy tankers and to the application of high rates like

in sludge dispcsal.

Practical field tests with the different systems and high
rates of manure prove the superiority of rotavator incor-
poration concerning a minimum of leakage of nutrients and
the highest vields of silo maize. Regarding the practica-~
bility and especilally 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 cguality food and dgeneral sanitation.
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Problems of straw mixing with neavy cultivetors in plough-

5

less tillage systems and conseguences for seed hed prepara-

tion and seedling emergence.

Dipl.-Ing.agr. Karlheinz K8ller, Institute of Agricultural
Engineering, University of lHohenheim, Stuttgart, Germany

Abstract:

As more and more farmland is cultivated for small grains and
higher yields, the amount of straw produced in that way ri-
ses too.

Using that surplus of straw, inserting straw into the soil
gets increasing importance. In this connexion better imple-
nents and work procedures are demanded. The plough, burying
the straw seems to be unsuitable for this purpose. So-called
"conservation tillage systems™, which are already widely
spread in the USA (1) nave not been in use in other coun-
tries so far.

This 1s why we nave been trying, to use hzavy cultivators
for mixing straw into the soil (2,3).

References:

(1) Wittmus, Hi.D., Triplett, Jr.,J.B., Greb, B.W.:

Concept of conservation tlllage systems using surface mul-
ches. Conservation tillage, the proceedings of a national
conference, p.5-12. Soil Conservation Society of America,
Ankeny, Jowa, 1973

(2) Stroppel, A., K31ller, K.: Der Tiefgrubber in der Primir-
bodenbearbeitung Landtechnik, 29 (1974), 8, p.330-336

(3) Kdoller, K., Seufert, A.: Vieles spricht flr den Tief-
grubber, Mittellungen der DLG, 90 (1975), 8, p.458-466

In various experiments we have been investigating whether
heavy cultivators can be used in ploughless tillage systems-
If straw is used as manure every year, it is of high im-
portance fo find out which is the best way of mixing straw
into the soil.

It is desired that

1) the straw should be distributed completely near the soil
surface so that it may rot well and tnat

2) the following operations for seed bed preparation and so-
wing should be possible without blocking.

To achileve that

1) the straw should be chopped as short as possible.

2) it should be distributed completely on the soil surface.

3) the stubble should be as short as possible.

—
<
O

good incorporation of the straw in the soil can be ex-

cted 1f one of these conditions cannct be fulfilled
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Successful operations with cultivators ar only possible if
1) there is sufficient clearance between cultivator points
and the base of the frame (about 75 cm)

2) the distance between the tines in each direction is about
70 c¢m (Adjustable tines should be provided for flexible spa-
cing of the tines for particularsoil and straw conditions).
5) the number and arrangement of tines are chosen in such a
way that there is a distance of about 25 cm between the cul-
tivator furrows.

4) supplementary cultivator-mounted implements for ground
levelling and further crumbling ar used. (Theyhardly in-
fluence the mixing if there are no driven implements but
theyfacilitate the following passes and operations).

5) the soll is cultivated twice (at right angles) and

5) at different depths:For the first time flat (10-15 cm)
for the second time deeper (20-25 cm) with a working speed
about 8-10 km/h.

[ comparison between a spring tine cultivator and a (spring
loaded) rigid tine cultivator may show some results of mi-
xing straw into the soil.

In this experiment 56 dt/ha of chopped straw were inserted
into a clay-loam soil., 82 per cent of the chopped straw were

zhorter, 18 per cent longer than 10 cm.

Figure 1
70 70 —
o, | SPring tine (2x,t=20cm) N rigid tine (2x,t=20cm)
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Distribution of straw in the soil after D 030
1875 mixing in with the cultivator ' oo voona:
Verfahrenstechnik Pflanzenproduktion — Universitdt Hohenheim

shows that Dboth cultivators placed most of the straw into

the layer of 0-5 cm. Also in 5-10 cm both inserted rather
t1e same quantity of straw. It is remarkable that the spring

fa

tine cultivator mixes less straw into the depth
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of 10-1% ecm than the rigia tine culitivater. The reason for

this i1s the fact that it is hardly possible to nhold spring

tines in constant working depth 2t changing strength of

s50il. Althoupn the working depth was adjusted at 20 cm both
cultivators did not place the straw into the layer of 19-
20 cm, That means that it may be necesscary to adjust thne
cultivator for a depth of 20 cm for nixing the straw in thco
layer of 1% cm.,

Changing strength of soil and different distributions of
the lengths of chopped straw are Lne main reasons why Wor-
king deptnh and mixing depth donot correspond. The analysis
of the distribution of the lengths of the choppred straw

over the mixing horizon explains these relations for the

experiment mentiocned above. 1ere are ratner the same re-
sults for both cultivators. With increasing mixing depth
the part of straw longer than 10 cm decreases clearly.Straw
longer than 1% c¢m cannot be placed deeper than 10 cm. On
the other hand the percentage of straw shorter than 5 c¢n
increases with increasing depth while the straw with the
lengths 5-10 cm remnins ratner constant throughout the

whole mixing depth.

'igure 2
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Verfahrenstechnik Pflanzenproduktion — Universitat Hohenheim

illustrates these statements for the lengths of 0~5 cm and
15~20 ¢m of chopped straw which is put into the soil by a

springtine cultivator,

It can be seen that to achieve a good mixture 80 per cent

of the chopped straw should be shorter than 10 cm. To be

able to compare the mixing performance of cultivators, other

22:3



experiments have been made with the rotary cultivator which
is usually considered a very good mixing implement.

Tne results of the following example are valid for other
s0il and straw conditions respectively.

in this experiment 50 dt/ha of chopped straw (90 per cent
shorter than 5 cm) were mixed into a silty loam by the cul-
tivator and the rotary cultivator.

The working depth for the latter was 10 cm, the cultivator
(with spring loaded rigid tines) worked at 10 cm in the

first and at 20 cm in the second operation (at rigth ang-

les).
Figure 3
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Verfahrenstechnik Pflanzenproduktion — Universitdt Hohenheim

shows that both implements place half of the quantity of
straw into the depth of 5-10 cm. While some of the straw re-
mained on the surface the rest straw was placed in the layer
0-5 cm by the rotary cultivator while the cultivator inser-
ted the same quantity into the layers of 0-5 cm and 10-15 cm.
Because of the high power required for mixing the straw in-
to the depth of 15 cm it is not convenient to use a rotary
cultivator.

It should be noted that in the first experiment with a usual
distribution of straw lengths most of the straw was placed
into the layer of 0-5 cm. In the second experiment with

straw chopped shorter than 5 cm most of the straw was mixed
into the layer 5-10 cm., It is to be expected that straw chop-
ped still shorter will be mixed even deeper. That means that

straw mixing, especially the distribution over the mixing
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horizen, can be

i)

regulated by the length of chopped straw.
The presented experiments show that mixing the straw deeper
than 10 cm,which may be necegsary ii{ high quantities of
straw are to be used and high straw concentration in the so-
wing depth should be avolded, the cultivator is to be pre-
Terred. This statement is supported by results of our rot-
ting experiments that were made with straw of different
lengths and different quantities. In these experiments the
highest rates of rotting were obtained when the straw was
mixed unifbrmly in the soil layers of 0-12 cm and 0-16 cm.
These mixing depths can hardly be achieved by rotary cul-
tivators or disc harrows, especially at high rates of straw
and on clay soils, As under these conditions even the skim
plough does not work satisfactorily, the cultivator presents
a convenient alternative,

A final statement, however, which tines, cultivator points
and cultivator mounted implements should be selected cannot
be made yet. Newvertheless the cultivator is to be recommen-
ded for mixing straw into the soil. Because of the danger

of blocking the use of cultivators on sand soils 1s more 1i-
mited than on loam and clay soils.Further advantages of the
use of the straw - inserting cultivator are the reduction of
energy and labour requirements and gocod control of perennial
weeds combined with deep tillage, which may substitute the
plough eventually. In thiscase cultivating twice at diffe-
rent working depths seems to be necessary especlally to re-
duce the amount of straw that remains on the soll surface.
Only in this case the use of conventional implements for
seed bed preparation and sowing is possible without the dan-
ger of blocking. So an important condition of using culti-
vators successfully is fulfilled and the plough may be sub-
stituted. If this condition cannot be realized , special im-
Plements like combinations of rotary cultivators and seed . _
drills or disc drills are necessary for the field cultivation.
According to this statement the seedling emergence of follo-
wing crops and the development of weed are influencedby the
used cultivator operation. One operation of the cultivator
mixing straw simultaneously is mostly not sufficient to pro-
duce good conditions for seed bed preparation and sowing.

Remaining straw on the soil surface causes blocking of the
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implements. Affected by these obstructions and by the high
concentration of straw in the sowing depth a reduced seed-
ling emergence is to be expected.

4 rmuch better result is achieved if two operations follow
eacn other after an interval of 3-6 weeks. In this case
there is a good seedling emergence and crops are nealy free
of weed and of plants of the previous crop.

Although the cultivator cannot be recommended as an imple-
ment to substitute the plough generally, the experiments
carried out up to now show that is can replace the plough
occasionally without diminishing yield if a good straw mi-
xing into.the s0il is obtained.

Possible lower yield when using the cultivator can be com-
pensated by reducing cultivation costs with regard to com-
parable plcugh systems.

Lower labour requirements of about 30-50 per cent and lo-
wer fuel consumption of the same rate considerably affect
these lower cost. These dates are in correspondance with
the experiences of farmes who have substituted the plough

by cultivators for some years.
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The 7th Cenference of the International Soil Tillage Research
Organization, Sweden, 1976,

AN APPROACH TO TILLAGE RESEARCH IN THE HUMID TROPICS OF WEST AFRICA,

. Lal
%ntéinational Institute of Tropical Agriculture, Ibadan, Nigeria.
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 ave 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-temperature
regimes, and maintain soil organic matter content. However, no-tiliage
techniques may not be applicable for all soils and for all agro-
ecological enviromments., This system can be made more versatile 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
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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.

IT, FACTORS INFLUENCING TILLAGE RESEARCH

Soil Erosion:

(1) 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.

(i) 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. 1In the seedling stage, the temperature of
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bare soil can reach as high as 45°C at 5 cm depth and 50°C near the

Table 1. Soil losses from plowed bare soil (tons/ha)

Years After Forest Removal

Slope 7 1 5 3 4
1 5 11 9 10

5 43 156 134 148

10 59 235 136 76
15 116 229 96 82

surface. Maize and soybean seedlings, especially suffer from high
soil temperature (Table 2).

Table 2. Soil temperature at 5 cm in the interrow zone under
unmulched maize 3 weeks after planting (°C).

Distance from Time
the row (cm). 08.00 11.00 15.00 17.00
0 25.0 30.6 34.6 35.0
10 25.1 21.0 35.6 36.0
15 | 25,0 29.8 38.5 37.0
25 24.7 29.8 40,8 38,5
37.5 24,6 33.4 44 .1 39.0

(iii) Drought Stress:

Strongly interacting with high soil temperature is the
‘moisture stress under upland rainfed agriculture. The available
‘water holding capacity of the sandy surface horizon is low,
while the root penetration into the sub-soil is restricted

because of the gravel layer (Babalola and Lal, 1976).
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(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. TFor 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 Ca++, Mg++ and KT and increases soil
acidity.

(v) Socio-economic problems:

The technology required and the machinery needed for tillage
may neither be available to the small farmers nor it is adaptable
to his level of education and normal 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 matter
content is maintained (Juo and Lal, 1976). Soil organic carbon content
with maize residue used as mulch was maintained at 1.67 three years
after forest removal compared to 1.,0% in the soil of ummulched plots.
Consequently, the pH of the soil in the mulched plots was 5.5 compared

to 5.0 for the soil in the ummulched plots.
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Table 3. Mulcbing influence on soil temperciure at 5 cm depth under
mgize 3 weeks after planting (“C).

Distance from Time
the row (cm). 08.00 11,00 15.00 17.00
0 ' 25,2 27.2 31,6 31.5
10 25.2 28,6 33.6 32.2
15 25.0 27.2 34.3 33.0
25 25.2 27.2 33,8 33.2
3?.5 25.2 29.6 36.6 34.6

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 FARMING IN THE HUMID 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 (wm) Soil toss (tons/ha)

No-till Plowed No-till Plowed

1 94 187 2,3 4.3

2 84 230 1.8 5,2

3 81 203 L.6 4.9

4 79 205 1.8 5.2

5 82 358 2.0 9.3

6 103 294 1.9 8.6

7 94 284 1.8 8.6

8 92 258 1.7 5.8
Mean 89 252 1.9 6.5
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High biological activity of earthworms (Hyperiodrilus 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 em depth (°C) (30/4/1974).

Treatment Time

08.00 11.00 15.00 17.00
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 maizew*

Treatment 0r % C02 %
Plowed 15.8 2.94
No-till 20.6 0.34

*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 envirommental factors.
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Table 7. No-tillage on minimum tillage effects on crop yield in the
tropics of Africa.

No-till Yield

(% of Plowed) Year Location Countzy Source
%
Maize 233 1961 Kumasi Ghana Kannegieter
(1969)
Maize 77 1967-68 Kongwa Tanzania Macartney et
al (1971)
Maize 98 1975 Ilora Nigeria
Cowpea 117 1974 Tiora Nigeria
Maize 105 1975 Tkenne Nigeria
Cowpea 131 1974 Ikenne Nigeria
Maize 72 1974 Monrovia 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 Olum and
Henderlong
(1975)

*Use of Pueraria with no-till treatments.

5. RESEARCH NEEDS:

The performance of no-tillage techniques depend on many factors
and the adaptation of this system to diverse soil and climatic
demands research along the following lines:

(i) No-till Planters for the Small-Scale Farmer: There is a real need

to develop appropriate tools for planting through mulch,

(ii) _Weed control: Weed control can be a seriously limiting factor in

the adaptation of no-tillage system in the tropics. Rhizomatus

weeds such as Imprata cylindrica and Talinum triangulare may pose

serious problems., The effectiveness of cheap ultra-low-volume (ULV)
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sprayers need to be investignted and appropriate technology

«

developed.

(111) Fertilizer needs: . No-tillage systems may requife 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 with appropriate cover crops
every three or four years. In addition to weed, insect and
disease control, these cover crops can help improve 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,

" BULK DENSITY (g cm-3) : " PERCENT GRAVEL
1-0 B 12 -3 |-4 +5 Q 20 40 (o]
o Y Y T .

Y ¥

201
po NO=-TILLAGE
oo TILLAGE
2 40 X .
r £
T 60 o
&
w
[
80}
[00]3

Fig.ll. The effects of five vears of no-till and conventional
plowing on soil bulk density profile.
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ESCRTIPTION OF Td4 TRIAL,

2. Uhe parcel.

The triel is carried oubt on &

sand soil snd a very intensive
the Lrial a » T oof 4 hectare

cel io reworked in 1941 up to a
hunuscontenl laya on a level of
furrow bhetween bl and ﬂu( She
about 79 vercent of the 3
and the median (i-figure)
(U-figure) is sbout 76.
The averapge water table
da

v ey 1770
SXQUnG

vather dcey

surface. In dry years this low water -
contcnt cen result in reducing of
b. The trial:
The trial starts autuan 1970. In 1971 silage ize is grown, in
18972 potatoes, in 1973 oup rheet, in 1974 potatoes and in 1975
rye as main crop, so each year onLy cne cron is grown. Rye as &

cover crop, to control wind erosion, is drilled each autumn,
except in 1974/75.

In four revlications and on a practical scale, with e.p. the
methods and implements of the fazrmer, the trial includes the
comparison of ploughing cach year, cach two yeurs, each fou?
years, cultivating with a fiwxed tine cultivato

and no deep tillage since five vears. Autumn 1974 the trial ia
split into two varts. On the half of the field each year and
each two years nloughing versus no Ceep tillage gince 1970 is
continued. On the other halfl, esch year, cach two ycads and oich
four years ploughing or deep cultivating is carried out,onccord~
ding to the original scheme. When no desp LiTWoge wags carried
out after harvost, mostly in one paou a flat tillage operation
was carried ouc to till the soil surface and to incorporate the
broadcasted rye. Always the crop vuldd“o, such as leaves and
stems of sugarbeect, straw, are mixed with the soil. Tn this way
the farmer tries to stabilize the organic matter content of the
soil. The rye as cover cron also helps in this way. So returned
to the soil is in a year with potatoes about 7000 kg/he organic
material, with sugarbeet 6000 kg and with a cereal crop 3000kg,

this results in average in 4000 kg/ha/year.

=
o]

o

RESULTS.

The results of the described research are controlled in terms

of labour reducing, physical yields of the crops, weeds, soil

physical and soll chemical aspects.

The effect in labour reducing is clear. When for soil tillage
only one pass over the Field is made after harvest and this

tabeb place with a rather high speed, which is possible when
the tillage only includes a flat one, the saving in time in

a peakperiod is important.
1 es s in yiel f the cr as measured since 72, are
The results in yield of the crop, as measured since 1972, are
sumnarised in figure 2. Iu spite of the four replicatiovs Liewe
was no significant difference in yield botween the subjec
(P=0.05), also not in quality or other aspects, The pos
effect of deep cultivating for the first time since 19
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Fizurs 2. BLLATLE ¢

shizcts 02 1373 074 1075 changa in 1975

potstocs sucarlzet sugar potatoes winlerrye tillage winterrye
Noeach & yaars . A piovghad
pluuching 163 9 G2 107 93 autunn 1074 86
b each 7 ynars B ploughad
plerghing 106 97 97 e 101 awtesn 1874 65
C each yeap C ploughed

ploughing 100 100 100 100 100 autumn 1874 K0

[ each & yoars 0 celtivated
' attuzn 1374 108

A
<o
oo
(&)
—~
el
—2
<
(et
(4=
[oh)

cultivating

1172, votatoas , variety Promineat 100 = 52.500 kg/fha
1513, sugarbaet, varicty lonitor o k5205 kg /ha
174, patatozs , veriely Fropinant ;= 53,000 ko/ha
1575, winterrye, veriety Doninnt 100 = 4,350 ko/he
1475, after channe in tillage fUo = A.2u5 kofha

\

autunn 16594 (sce figure 2) hovever, is significant hetter as scue
olther pubjeets, sucn s each year ploughinge.

i 1v ow this tyne of soils veeds nay produce & nroblenm.

zouch gracs (Lgronyron repens) can be mentioned in

tn the triel .eld thcre was not much couch grass and
zre not any difference at 221 between the
not one weed creates a vroblem.

caerried out during the triaiveriod.

| vles, taken in August 1975 after the rye-
harvest, ovre given in figurc 3. It shows the water/eir content
et p¥ 2.0 (weight percents) versus the percentage of pore
spaces, for the layers 12-17 cm and 22-27 cm below surface.
ficcording to previous results the variability in and between the
subjects for the layers up to 12-17 cm 1is very snall. In the

3237 cn -~ surface the natural veriability is

layers 22-27 cm and 32-
much pgreater. As is shown in figure 4 for the layer 22-27 cm
below suriace there 1 e diiference between the subjects.
Intensive ploughing however seems not to be as positive on this
soll~tyne as assumed.

The soil-chemical research is finished by an intensive sampling
autunn 1975. No important diffcrences were found between the
subjects. The results in N-mineral content are given in figure
h, As is shown in this graph there are differences in content
between the subjects pro layer. It contains however no signifi-
cant difference between in reality different subjects.

Based on this research it seems Jjustifiable to conclude that
with the intensive crop rotation as mentioned and on the soil
type as described a normally each year carried out deep soil
tillage can be restricted to once in the four years.

REFERINCES,
Cevaal, P,K.:\Personal information, Publication in preparing
(1976).

Hyink, M.J.: An integrated apporach in the control of potato-
root eelworm. OEPP/EPPO Bull. 7,41-48 (1972).
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The 7th Conference of the lnternatlundl Soil Tillage
Research Organization, Sweden, 1976,

AGRONOMIC ASPECTS O FrSI UAL BFFICT OF DFELP
CULTIVATION I'Ci MAIN FIELL CROPS

Vliadimir MIHALIC, Andjelko BUTORAC
Faculty of Agrlculture University of Zagreb,fugoslavis
Tvean FMUSAC

Faculty of Agriculture,University of Osijek, Yugoslavia

ABSTRACT

On the prevailing soil types of the main agricultural re-
gions of Croatia, the residual effect of deep tillage was
determined by the yield increase of the principal field
crops (maize, wheat, sugar beet and Jucerne).

As the residual effect of deep tillage is changeable and

unreliaeble, and generally less expressed then the residual
effect of fertilizing, the decision should be brought for
each partlcular case whether this phenomenon should be made
use of in reducing the depth of the basic operation or even
temporary no-tillage, provided the achieved productivity is
not decreased,

INTRODUCTION INTO THE PROBLEM

Deep tillage (over 30 cm), either by turning or deep loose~
ning of the soil mass, -brings about considerable changes,
primarily in the pedophyolcal complex and layering. At tho
same tJme, deep tillage requires great energy corsumptlon
increasing with the operation d@oth, Deep tillage is gene-
rally applied on texturally heavier soils of unfavourable
stratigraphy, either as an ameliorative measure or to satis-
fy special requirements of crops with deep roots.

Considerable changes in the pedosphere, due to deep tilla-~
ge, are manifested in the phenomenon known as the regidual
effect of deep tillage, which 1s evaluated by the yield in-
crease of the crops grown, as comnared to the tillage to the
usual depth.

‘As tillage is accompanied by fertilizing (mineral or orga-
nic) in the agrotechnical practice, the fertilizer doses be-
ing in positive relation to the masg of the cultivated soil,
the residual effect of deep tillage implies also the resi-
dual effect of fertilizing, and also their interaction.

- The residual effect of deep tillage depends on the follow-
ing factors: soil type, climate, depth and quality of tilla-
ge, fertilizing and specific crop reaction. This reflects
its complexity amd dynamics.

The possibility of utilizing this phenomenon should be
viewed from the asvect of reducing the basic tillage devth,
but simultaneously ensuring a stable and high nroductivity
in plant production. '

Our findings refer to the agronomic aspects of the resi-

dual effect of deep tillage for the vwrincipal field crops
in the main agricultural regions of Croatia,



LTTERATURE RELATING TO THE PROBLEM

in professional literature, the problem in question is
treated in a rather limited and mainly general way. More
Jdata on the residual effect of deep tillage are found in
Italy. Thus, BALDON1 (1965)obtainedincreased yields of whe-
at and sugar beet at normal ploughing of a heavy soil,
which followed deep nloughing at 65 cm.

In this country, DHIZGIC et al. (1964, 1967 and 1968) de-
termined the residual effect of deep tillage on chernozem
tor wheat and maize. It should be mentioned that there was
a parallel residual effect of fertilizing and ploughing in
of the lucerne field.

Also on chernozem, STANACEV (1963) obtained the residual
effect of deep tillage and fertilizing on sugar beet, par-
ticularly in the system of 'creating a homogeneous fertile
deep plough-layer".

STCIJANOVIC, MILADINOVIC and DJURIC (1964) recorded the
residual effect of deep ploughing and mineral fertilizing
upon the maize yield on smonitza and pseudogley soils in
Serbiao

INVESTIGATION RESULTS AND DISCUSSION

On the prevailing soil types of the main agricultural re-
zions of Croatia the residual effect of deep tillage was
studied, in 17 trials on lo locations, from 1958 to 1974,
The residual effect was assessed by the yields of the prin-
tipal field crops: malize, wheat, sugar beet and lucerne.

The tillage depth went down to loo cm of extremely deep
ploughing and loo x loo cm deep loosening (subsoiling),
but mostly between the ploughing at 50 to 6o cm. Parallel
to the different ploughing depths, the doses of mineral
fertilizers were graded from 267 to lo8o kg/ha NPK nutri-
ents,

It should be pointed out that the depths over 4o cm had
an ameliorative purpose on secondary pseudogley on carbona-
te loess and on oligotrophic pseudogley.,

The most important investigation results (variationally
statistically evaluated) are presented in Table 1.

When summing up the obtained results it becomes evident
that in 11 out of all 17 trials deep tillage had a residual
effect, while mineral fertilizing in 15, in most of which
on deep tillage. The residual effect of deep tillage on
the investigated soil types in different years varied ac-
cording, to the operation depth, weather conditions and
specific reactions of the crops, but on the average the
residual effect of fertilizing was more marked than that
of tillage, generally with the highest fertilizer doses.

Our results basically agree with those obtained by other
investigators in other agricultural regions of Yugoslavia
and in other countries.
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CONCLUSTONS

The obtained investigation results point to the following
conclusions:

- As deep tillage is primarily applied on heavier soils
of unfavourable layering to serve ameliorative purposes,
the greatest operation depths are applied here, as well as
for crops with deep rooting (sugar beet and lucerne).

- Deep operations of basic tillage should be alse applied
in cases of compaction on the ploughing line and in subsoil
due to inadequate application of agrotechnical measures, me-
chanization and traffic.

-~ The residual effect of deep tillage is accompanied by
the residual effect of fertilizing, which is more marked
than that of tillage. Besides, there is alse interaction
between tillage and fertilizing in relation to the yield.

~ The residual effect of deep tillage as a rule decreases
with time, but not always at the same rate; it can be "hid-
den" one year, to reappear the next year, depending primari-
ly on the weather conditions.

- Deep tillage, as such, is a difficult and costly opera-
tion, but as an ameliorative measure it should be regarded
as an investment, and in creops with deep roots as a neces-
sity for obtaining good yields. It is well-knewn that, in
our production conditions, deep tillage reduces the adverse
effects of the climate, weediness and contributes to the
yield stabilization.

-~ The residual effect of deep tillage should be made use
of within certain limits, evaluating in each particular ca-
se the Jjustification of reducing the depth, and even tempo-
rarily omitting the basic tillage, but without risking a
drop in productivity.
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ABSTRACTS

Minimal tillage variants have been investigated: plowing
in upon the depth of 30 and 20 cm, rotorfrasis application
upon 8 and 4 cm of depth with pre-crops: winter wheat,
corn and alfalfa on the alluvial deposition of black marsh
soil as well as their effect upon the sugar beet yield
/Yugoslav selection Al-Poly 1/. From the three-year expe-
riments one can conclude that the plowing depth of sugar
beet after the pre-crop of winter wheat and corn can be
diminished to 20 cm: rotorfrasis application on 4 and 8

cm effects a very significant statistical yield diminish-
ment in relation to control variant.

MINIMAL TILLAGE EFFECT UPON THE SUGAR BEET YIELD
Introduction

Sugar beet is a very intensive row crop, for from all
agricultural crops it has a heaviest demand towards tii-
lage, i.e. in respect to the depth, time quality and
mode of tillage. A classic system for sugar beet is as
follows:

1.) Stubble plowing=in up to the 15 cm of depth, 2.) plowing
upon the the depth of 25-35 cm, 3.) deep plowing upon 35-50 cm
of depth in dependence on the plowing layer.

Many estates in productive conditions apply three plowings
up to the depth of 4L0-50 cm / IPK Osijek - Industrial
Agricultural Combine - Osijek, Kurbanovié, 1964 /.

We have undertaken as our task to investigate how the
variants on minimal tillage on 20 cm, 8 cm and 4

cm of depth effect the sugar beet yield in comparison
with the classical and usual depth of 30 cm after the
pre-crop: winter wheat, corn and alfalfa.

Experiment methodics
In the period 1970/71 - 1972/73 the investigations were
made by the method of field experiment of a stationary

character.

The following variants were investigated: A. conventional -
usual one and the control variant. B. The plow'ng upon
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20 cm of depth. C. Rotary hoe application on 8 cm of depth.
D. Rotary hoe application on 4 cm of depth.

The investigation was done after the following pre-
crops: winter wheat, corn and alfalfa. The field expe=-
riments was established according to a randomized block
system in six repetions. The size of the fundamental
plot was fifty square meters.

The tillage was done in the following way:

A. Conventional tillage consisted of the following
operation:

1. after the winter wheat, the stubble plowing=in
on the 10-12 c¢m in depth and plowing on 30 cm. At the
beginning of autumn disking was done in order to dis-
troy weeds.

2. after the corn, plowing on 30 cm of depth with
the use of heavy disk harrow.

3. after the alfalfa, the alfalfa plowing-in on
30 c¢m of depth with the use of heavy disk harrow.

Pre planting tillage was done in spring with pulvi
mulcher, after all precrops.

B. Minimal tillage varinat on 20 cm of depth had the
same operations as well as the variant A, the only

difference being in plowing depth.

C. Rotary hoeing on 8 cm of depth, in dependence
on the pre-crop consisted of the following operations:

1. After the winter wheat - the stubble plowing-in

on 10-12 cm with the use of disk harrow during the autumn.
In spring rotorfrasis was used / Rotorfraese LR 80-225 /

on 8 cm of depth.

2. After the corn and alfalfa crop, only rotorfrasis
was used on 8 cm of depth.

D. Rotary hoe on 4 cm of depth consisted of working

operations as in variant C, while rotorfrasis / Rotorfraese

LR 80-225 / was applied upon 4 cm of depth.
The experiments were located on alluvial black marsh

soil in Panlevo marsh / according to classification Pavi-
Cevié-Gligorié 1973 /.
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Water-air properties of these soils / according to Pavi-
Cevié-Gligori¢ 1973 / were as follows:

Depth Soil Volume Specific Porosity Field Air
in cm texture gravity gravity in % vol capa- capa-
city city %
0- 20 clay- 1,30 2,73 52,4 4L 0 8,4
loam

30- 50 " 1,34 2,77 51,7 h3,0 8,7
70- 90 clay 1,39 2,71 L8,7 kb, 0 L,7

100-120 " 1,43 2,75 48,0 42,0 6,0

According to the usual laboratory analyses, the microele-
ments contents was as follows: nitrogen 0,17% mg/100 gr
of soil, Py0g 3,8 and Kp0 18,8. The value of pH in

Hy0 amounted to 7,8 and pH in KCL 6,6.

The fertilization system was as follows: in 1969 autumn
280 kg/ha of P,0c was used in deep plowing as well as

200 kg /ha of Ky0. The nitrogen was used each year, after
pre-crop of winter wheat and corn - 60 kg/ha before sowing
and 60 kg/ha of pure nitrogen as a top fertilizer.

The sowing and the harvest were done by hand at an

optimal time. Space between the rows was 50 cm, while in the
rows 25 cm / 80.000 of plants/. For the experiment the
Yugoslav variety of sugar beet was used: Al-Poly 1.

The crop conservation was efficiently done with the
appropriate chemical means. The number of dustings de-
pended on weed appearance. Herbicides were not used.

The sugar beet yields results were statistically worked
out according to the variance analysis method.

Meterological conditions

The meteroiogical conditions - the average monthly
temperatures and precipitation amounts were given.

Average monthly temperatures / c® / Precipitations in mm.

1971 1972 1973 1971 1972 1973

b-X1] 11,34 12,15 12,10 520 645,5 417,8
[V=1X% 18,56 18,93 19,46 3491 Lt 8 282,0
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Taking into consideration the temperature conditions
and precipitation distribution, one can consider that
for sugar beet production meterological conditions
were best in 1972.

Discussion results

The experiments with the study of the effects
of minimal tillage variant as well as the pre-crop
upon the sugar beet yield were given at the table 1.

From the results one can see that in all years

the largest yield was obtained with the variants of

tho plow being used on the depth of 30 cm. The plowing

on 30 cm of depth compared to that one on the depth

of 20 cm caused a statistically significant growth of

the alfalfa pre-crop yield in the first and the second
experimental years / 39,5 mc/ha and 58,4 mc/ha /, and

a very significant growth in the third year / 77,9 mc/ha /.

In the pre-crop of winter wheat, the deeper tillage
had a slight advantage in 1971 and 1973 years

/ 3,88 - 4,0 mc/ha /, while in 1972 a larger yield
was obtained in the variant of deeper plowing for
48,7 mc/ha, which is statistically significant.

On the pre-crop of corn, a deeper plowing had ef-
fected a statistically more significant growth of yield
/1973/, while in other years these growths were not
statistically significant.

Rotary how application on 8 cm in relation to rhe rotary

hoe application on 4 cm of depth resulted in statistical-

ly very significant yield growth in 1971 after all pre-

crops while in 1973 after the pre-crop of winter wheat and corn.

From all these experiment results one can conclude that
plowing depth for sugar beet after pre-crops of
winter wheat and corn can ve 20 cm.

According to the data om tillage expenses, by diminishing
plowing depth from 40 cm to 30 cm and 20 cm, the expenses are
being diminshed from 100% to 73,14 and 55,81% /
Milojic-0tagevié 1973/.

The problems of minimal tillage variants for sugar beet are
very complex and require a study from the economic
and theoretical views as well.
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ABSTRACT

Two field experiments, one on a loam soil, the other on a clay loanm
soil, were started in 1962 and were still running in 1975. The main
results were: Reduced barley yields, increased population of coach grass
and other weeds, reduced porosity and increased shear strength of the
501l after cultivation and traffic at high soll moisture contents

(soil matric suction <50 mbar). Tractor traffic before ploughing in
the autumn showed much smaller effect on yields than traffic in the
sprins. Increased nitrogen application relieved the negative effect of
autumn compaction but not of spring compaction. The negative effect

of spring compaction was significant during the first two years after
stopping the treatment.

INTRODUCTION

Soil compaction experiments were started up at the Department of soil
fertility and management, Aas-NLH, Norway, in 1957. There were yield
increases by rolling cereal fields with & Cambridge roller, and negative
effects of traffic at a high moisture content (Vjgs, 1962).

In 1962 two long term field experiments were started up to investigate
possible build-up effects of long term soll compaction. It was felt
that factorial experiments including different nitrogen level would
be of special interest, as there misht be a chanse of possitle inter-—
actiong of nitrogen and compacticn.

Many of the results of these two experiments cannot be presented in
a short report, and a fuller account will be published later.

MATERTALS AND METHODS

The twe lzos term compaction experimeni s described 1n this report are
situated at the research farm of the Departrent of soil fertility and
management. The coordinater of the Tarm  are 50°L0°N and 10°LAF.
Tre elevation is 70 m above sern level.

The geology of the area 1s characterized hy pre-cambricn gnelssic rocks
with a cover of post glacial marine deposits. In this reegion the
highest level of sea water during the last glaciation was more than

200 m above the present sea level.
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The two field experiments were placed on the lower slope of a long
hill close to a terminal moraine. The slope of the site was less
than 3 per cent. Soil characteristics are given in table 1.

Table 1. Soil properties of the experimental sites.,
Per cent )
Experiment  Clay Silt Sand Org.matter pH(H20
I 0-20 cm 26 bo 32 6 5.7
20-4o " 26 ) 32 2.7 5.8
Lho-50 " 26 52 22 0.2 6.3
70-80 " 35 50 13 - 7.0
I 0-20 29 39 32 5.8 5.7
20-40 - - - 2.5 5.8

The soil of Experiment I had a loam top soil over clay loam over clay.
The soil of Experiment II had & clay loam top. The soils have been
cultivated for a long time. They are poorly drained in natural
condition with Munsell coulours of 5Y 4/2 dominant in the subsoil.

The B-horizon ig weakly developed due to the short time since the
glaciation. According to the USDA Soil Taxonomy (1975) the soils
might be classified as haplaquepts.

Climatic data are given in table 2. They are derived from Heldal

(1975) .
Table 2.  Selected climatic data from Aas, Norway, 1931-60.

Month Temper%ture Precipitation Pot.evaporation Radiatign _
mean, C mm mm cal ém “day
April 4.3 L8 34k
May 10.2 Lo 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 the frost free season is characterized by a cold

early spring, a presummer drought 1 May - 15 July and a very wet
autumn from the 10 September. Normally the scoil profile is recharged
with water around the 10 September. The field capacity in these soils
corresponds rather closely with a matric suction of 0.l bar. The
frost in most years does not go deeper than 0.5 m,

The treatments are given below:

Experiment I. A. Soil moisture, B. Compaction, i.e. tractor traffic,
C. Loosening after compaction 1962-66, Nitrogen 1967-75.

The levels used for each factor were:

A0 Wet soil. Matric suction at 5 cm depth <50 mbar, at 20 cm depth
0~-50 mbar.

Al Moist soil. Matric suction at 5 cm depth T0-500 mbar, at 20 cm
depth 50-300 mbar, or normal moisture level at soil cultivation.
In most years the soil surface in the Al~condition had a grey to
white appearance. '

BO No compaction in addition to normal tillage and harvest operations.

Bl One pass, wheel track by wheel track, with an 1800 kp tractor.
Front wheel inflation pressure 2,5 kpem ~ (250 kPa) rear wheel
inflation pressure 0.9 kpem - (90 kPa),

Co  (1962-66) No additional looseming of soil.
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¢l (1962-66) One harrowing to loosen the soil before planting.
co0 (1967-75) 50 kg N per hectare in cereals, 75 + 37,5 kg N in grass.
¢l (1967-75) 100 kg N per hectare in cereals, 150 + 75 kg N in grass.

Experiment IT. D-Compaction, E-Nitrogen
The levels used for each factor were:

DO No compaction in addition to normal tillage and harvest operations.

D1 One pass, wheel track by wheel track, with an 1800 kp tractor,
in spring before cultivation, generally in wet soil condition.

: Last year of compaction 1970

D2 As D1 but before ploughing in the autumn, generally in a wet soil
condition.

El L7 kg N/ hectare in cereals, 72 kg N in grass.

E2 94 kg N/ hectare in cereals, 14k kg N in grass.

E2 140 kg N/ hectare in cereals, 216 kg N in grass.

The experimental design was a split plot factorial in both experiments.
In experiment I, the A-treatments (wetness of soil) were on large plots,
with the BC-treatments constituting the subplots. In experiment II, the
D-treatments (compaction) were on large plots, with the E~treatments
(Nitrogen) constituting the subplots. The results were treated with
ordinary variance analyses.

RESULTS AND DISCUSSION

Experiment 1 Soil moisture (4) x Compaction (B) x Loosening (C), or N
(c).

The results of the soil compaction experiment I are divided into two

series,

the period 1962-1966 in which the C-factor signified a loosening
of the top layer before planting
the period 1967-1975 in which the C-factor signified nitrogen.

During the period 1962-1966 there were L4 years of barley (Hordeum

vulgare L.) and one year of rape (Brassica napus L.). During the

second period there were 3 years of barley, 2 years of oats (Avena
sativa L.) and 3 years of ley. For comparison barley and oats are
grouped together as cereals.

In table 3 the yields of cereals (grain, 85 per cent dry matter) and
hay (85 per cent dry matter) are given.

Table 3. Yields of cereals and hay in experlment I during the period

1962-75.
Yields, ton per hectare

Treatment Cereals Cereals Hay Cereals Hay
1962-66 1967~68 1969~70 1972-74 1975
AOBO 2.6 2,3 8.0 L.3 8.9
AOB1 2.3 1.8 7.8 3.9 8.6
A1BO 3.7 3.1 8.3 4.5 8.4
Al1B1 3.7 3.2 7.9 LY 8.3
co 2.9 2.l 7.3 b, o 8.3
cl 3.2 2.8 8.7 h.6 8.7
Significant effects A,B A,B,AB C A,B,C C

During the period 1962-66 cultivation and compaction in a wet soil
condition reduced the yields significantly in barley. The general
lowering of the grain yield by compaction was 180 kg per hectare or

6 per cent. In a wet soil condition the yield reduction by compaction
was 300 kg per hectare or 12 per cent, while in the drier soil condition
the reduction was 60 kg per hectare, or 2 per cent.
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During the years 1967-T5 cultivation and compaction in the wet condition
reduced cereal yields significantly as compared to soil handling in the dry
condition. There was no build-up of this effect with time, as is clearly
demonstrated by the numbers in the table. On the contrary, in 1975

(first year”s ley) the yield of hay was highest for A0, The reversing

of the soil moisture effect of the previous years might be a kind of
hysteresis effect. During the years with low yields there may have been

a build-up of nutrients in the aggregates of the AO plots.

The effects of compaction did not increase with time. At a high soil
moisture content the effect of compaction on the grain yield in 1967-68
was -540 kg per hectare, or -23 per cent, while it was -L00 kg per hectare,
or -9 per cent in the 1972-Th period. In both cases the compaction
effect in a dry soil was negligible (-90 to -60 kg per hectare). There
was no significant interaction between nitrogen and compaction.

Farly planting is one of the reasons for the high yields in 1972-Tk,
the average planting time being 27th April, while it was 17th May in
1967~-68. TElsewhere it has been demonstrated that a slightly higher
soil moisture content at cultivation than the crumbling stage did not
decrease yields when planted very early (Njgs, 1976).

The straw yields mainly followed the grain yields. On the average,
however, the grain percentage was lower for the AOBl-treatment than
for any other treatment. Higher nitrogen (C) level increased the
yvield of straw more for the wet soil condition than for the dry.

The lodging percentage in cereals was decreased by compaction of wet
soil, but not by compaction of dry soil.

The weed population was generally increased by wet handling of the
soil. Cultivation at high soil miosture increased the stand of sow
thistle (Sonchus arvensis L.),

For coach grass (Elytrigia repens (L), Nevski - formerly Agropyron
repens L.) three years of observation of the percentage‘cbver gave the
following results:
AOBO AQOB1 A1BO A1B1
12 22 > >

The coach grass showed its highest competition ability after wet com-
paction.

Aggregate size distribution (Njgs, 1967) in the cultivated layer was
a rather sensitive measure of the effect of compaction and moisture
content during soil treatment. There were large differences between
years. The two extreme years were 1962 and 197h4, with a very coarse
soil structure in 1962 and a fine structure in 1974 (72 and 22 per
cent of aggregates larger than 6 mm, respectively). 1In table L the
effects of treatments A and B on three aggregate size classes are -
given for the periods 1962-66, and 1967-Th.

Table 4. Aggregate size distribution in 0-5 cm depth in experiment 'I.
Per cent in size class

>6 mm 6~-0,6 mm <0,6 mm
1962 1967 1962 1967 1962 1967
Treastment —66 —Yh 66 —7h 66 —7h
AOBRO 61 Lo 31 L5 7 12
AOB1 69 5k 2L 3 6 10
A1BO L9 29 38 51 ' 12 18
A1B1 iy 30 Lo e} 15 19
Sign.
~ffects A,AB A,B,AB A,AB  A,B,AB A A,AB
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During the first year of ley, 1969? there was a noticeable increase
in coarseness of soll structure, As seen from the table there is a
general increase in fineness of aggregates from the first to the
second period even for the wet soll treatments. On the other hand
the effect of tractor traffic at high soll moisture content is more
marked in the second than in the first period.

The porosity of the soil that had been handled in the wet condition
decreased during the initial phase of the experiment but seemed to
be stable during the remaining period. See table 5.

Table 5. Porosity of the soil in experiment I.

Porosity, volume per cent

10-15 cm ’ 25~30 cm
Treatment 1963 1969 1972 1969 1972
65 -71 ~Th =71 ~Th
AOBO 51 48 L8 46 Yo
AOB1 49 T T 43 Iy
A1BO 53 51 - 53 L6 L6
A1B1 50 50 51 45 46

The numbers for 25-30 cm are not reliable due to inherent soil
variation in this depth. It i1s still a tendency of a lower poro-
sity for wet compaction than for dry compaction even in the 25-30
cm depth.

Shear strength was measured by a vane borer (Schaffer, 1960) Results
of measurements in 1966 and 1975 are given in table 6.

Table 6. Shear strength of the soil in experiment  _

Shear strength, kpcmC

1966 1975
Treatment 15 cm 1020 em 20-30 em 0-10 em  10-20 cm 20-30 cm
AOBO 0.9 0.9 1.0 0.6 0.5 1.0
AOB1 1.4 1.k 1.2 0.6 0.7 1.2
A1RO 0.6 0.8 0.9 0.3 0,k 0.7
A1R1 0.9 1.0 1.1 0.4 0.5 0.9

The results indicate a higher shear strength after wet than dry soil
treatment and an increased shear strength after tractor traffic.

The nitrate content of the soil aggregates were investigated in soil
samples from 197L. After_dry sieving, the aggregate fraction 6-2 mm
was extracted by 2 mol/dm~ KC1l and analysed according to Henriksen and
Selmer-Olsen (1970). The results are given below: o

Pre-

NO_-N, kg/ha, O-5 cm depth
treatment AOBO AOB1 ALBO ' A1B1
Aggregates 6-2 mm 6.8 7.8 5.5 5.5

,crushed 7.0 8.3 . 5.5 5.8

The bhigher nitrate content of the soil that had been handled wet is
probably explained by the previous year’s lower yield as well as &
"capsule' effect. Nutrients stored in dense aggregates may be relegazed
in a ley due to a dense root system and long growth season {see A i
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Experiment IT. Compaction (D) x Nitrogen (E)

This experiment was started up in the autumn of 1962, and harvested for
the first time in 1963. The last compaction was carried out in the
spring of 1970. Only the nitrogen plots were treated during the years
1971~-73. In 1974 the yield (lst year ley) was not harvested, but in 1975
one cut of the 2nd year ley was harvested. This year the whole field
received the same amount of nitrogen. The results are suited for a sub-
division in the period 1963-70 and the period 1971-75.

In table 7 the yields during the compaction period (1963-70) and resi-
dual effect period (1971-75) are presented.

Table 7. Yields of cereals (grain), rape (seeds) and hay in experiment IT.
Yield, tons per hectare

Treatment 1963 ~ 70 1971 - 75
Cereals Rape Hay Cereals Cereals Hay
L years 2 years 2 years 1971-72 1973 1975
DO 3.6 1.3 11.1 3.1 3.5 T.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.k 7.6
Fl 2.9 1.1 9.6 2.1 3.0 7.5
E2 3.k 1.3 11.1 3,1 3.6 7.6
E3 3.7 1.h 11.7 3.0 3,8 7.9
Significant
effects D,E,DE D D,E D B E

The table shows the significant decrease in yields by spring compaction
during the first period. The decrease in yield by this treatment was
20-11-T7 percent for cereals, rape, and hay, respectively. For the
autumn compaction (before ploughing) the yield decrease relative to DO
was 4-8-0 per cent for cereals, rape and hay, respectively.

Increased N-application decreased the negative effect of autumn éompaction
but not of spring compaction. At the two higher levels of N the effect
of spring compaction was higher than at the lowest N-level,

In the second period there was a significant residual effect only during
the first two years after compaction. The first year”s crop was oats,
the second barley. The effect on grain yields in the spring compaction
treatment (treated the previous period) was -150 kg per hectare in oats
and —220 kg per hectare in barley. There was no significant residual
effect of the autumn compaction.

In 1973 there was no significant residual effect of compaction, and this
was the case in 1975 as well. Thus, in this experiment on a clay loam
soil, the negative effect of compaction during the period 1962-1970
lasted two years after the treatment was stopped, and did occur for the
spring compaction only.

The straw yield was affected somewhat differently from the grain yield.
Tt was least for the autumn compacticn. The grain percentage was signi-
ficantly lower for the spring compaction than for untreated.

Lodging in the cereal years increased with increasing N-applications.
It was slightly higher for spring compaction than for autumn compaction.

The weed population was increased by the spring compaction., In fact
there was a residual effect even as late as in ley 1975,

The numbers below give weed cover percentage in experiment IT as an
average over years (10) with available observations:
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Treatment Per cent weed cover

DO 9
D1 22
D2 9

The population of coach grass (Elytrigia repens (L). Nevski) incressed
after spring compaction.

In the ley years 1967-68 the percentage of clover was observed. The
results showed that there was a higher clover percentage in the second
cut after spring and autumn compaction, as compared to untreated
(59-58-h8, respectively).

The porosity of the soil was slightly influenced by soil compaction,
in the upper subsoil. This effect was observed as late as 1975, 5
years after the last compaction, as shown by the numbers below

(20~25 cm depth).

Porosity, volume per cent

Lir (pF2) Total
Treatment 1970 1975 1970 1975
DO 6 11 L7 50
D1 l 7 l5 L8
D2 5 9 L5 HKe)
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GEOMETRICAL STUDY OF THE DIFFERENT MOLDBOARD
PLOUGHS RELATED TO THE SPANISH SOIL CONDITIONS.

By Prof. Dr. Ing. Jaime Ortiz-Canavate
Escuela T.S. Ingenieros Agronomos. Madrid (Spain)

ABSTRACT

A number of 22 different moldboard ploughs were studied from
the geometrical point of view, as a first step in order to adapt the-
se tools to the different Spanish soil conditions. Ior this purpose,
an apparatus was constructed to measure the coordinates of the -
moldboard surface, having established around 500 points for each
moldboard. The surfaces adjusted were of the polinomial type, ex
plicit in z (cubics and quadrics) which yielded a very high multi-
ple correlation coefficient. For further research it has been out-
lined the hyperbolic paraboloid of the type 7 =axylby lcy as the -
most suitable. With the aid of a minicompuler the moldboard sha-
pes were plotted in different positions.
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nuroduction

The effects of the different tillage practices in the ground to the
vrowing plants uniil they are harvested are difficult to evaluate, be-
cause of so many factors that are involved. In some cases some -
subjetiv criteria have been eslablished which have affected the re -
sults negatively. The tillage technigues have to be reconsidered to
he adapted to the new circunstances.

In Spain, 90% of the tractor ploughs are moldboard ploughs,
Most of these ploughs are designed empirically, modifying the surfa-
ce by the method of "try and error'. The design of the moldboard
ploughs has been made more as an art than as a technic.

Ol{l?ﬁ ives 91’ the resear chqu prece de nts

The lack of energy in agriculture has obliged to search for a be-
tter use of the available energy. This is one of the reasons why we
have begun a research program to adapt the moldboard ploughs to
the different Spanish goil conditions.

As a first step we have studied -from the geometrical point of
view- the surfaces of the moldboard ploughs available in cur coun-
try.

Many authors have studied the geometry of the moldboard - -
ploughs, but considering the curves that integrate those surfaces:
their curvature and the angles that they make with different planes,
as for example Sohne (1959) and Florescu et al. (1968).

Gorjatschkin (1909) established the three main angles of a wed-
ge to define the moldboard surface and to explain the work done by
it: the vertical angle of cutting and elevation, the horizontal angle
of side thrust and the vertical one of turning and inverting the soil
layers.

Nichols and Kummer (1932) divided the surface of the moldboard
plough into three sections: the lower, or share portion, for brea-
king the soil; the central area for pulveriziny it and the upper part
for turning and inverting it.

Koniger (1949) classified the moldboard shapes as ruled surfa-
cesg of differeni kinds.

But in general or at least in Spain sistematic studies have not
been made to establish the ecuations that define the active surface
of the moldboard ploughs. Having these ecuations, it is possible
to correlate them with the results obtained ploughing the different
tvpes of soils in order to obtain the most suitable moldboard shape
for each condition.
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Methods and results

In order to make the measurements of the coordinates of the -
moldboard surface it was constructed an apparatus called ''coordina
tometer', formed by two parallel gridded planes. The tool which -
shape is to be described can be oriented so that the straight line be-
tween the moldboard and the share be horizontal and lean in one of
these planes, and corresponds to the x axis. The holes are in each
direction 25 mm apart. The needles go through the corresponding
holes until their points touch the surface (fig. 1). The contour is de-
termined with more density of measurements (one point each 5 mm).

Stone and Gulvin (1969) indicate that there are necessary 250 -
points in order to verify the quality of manufacture of a moldboard
shape. We have established as a mean, 500 points for each mold-
board.

We have adjusted different kinds of polinomial surfaces explicit
in z (cubics and quadrics) adjusting the regression coefficients with
a computer CYBER-72 CONTROL, DATA of 75 Ks. The surfaces ob
tained of the quadric type, yielded a very high multiple correlation
coefficient (R varied from 0, 96 to 0, 99) and were in general of the
type of hyperbolic paraboloid and a few also of elliptical paraboloid.
(Table 1). We have adopted as the most suitable form to define the
moldboard shape the hyperbolic paraboloid of the type:

z= axy + by2 i cy
in order to go ahead with the research outlined.
We have stated that there are some slight differences between
two, in theory, identical moldboard shapes because of the manufac-
turing methods (warping distortions, bending and hardening opera-

tions, etc). But as 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 representation (fig. 2), in the wor-
king coordinates representation (fig. 3) and in perspective (fig. 4).
Because of the lack of space we give here only a moldboard shape
as an example. To change from the manufacturing, to the soil or
working coordinates we have had to rotate the surface an angle ¢
around the y axis and an angle & around the x axis so that the edge

forms the vertical wall of the furrow.
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Fig. 1 - Apparatus to
measure the coordinates
of the moldboard shapes
(coordinatometer)

Fig. 2 - Representation
of the manufacturing coor
dinates of a moldboard
shape.

Iig. 3 - Representation
of the same moldboard
shape in the soil-coordi-
nates.

Fig. 4 - Perspective of

the same moldboard shape.

28:4

ML OBERD

B TRt

)

HOLOBGHERD
= 7EE
Fialig, prg
TE:

T
b v

P BERD
BREEE e LR

SR L BERY e VIB L L B SR F 1 By



TABLE I - Ecuations obtained for some moldboard surfaces

Moldboard Ecuations (%) R Sujface
B-17760 2232, 61x° -469, 94xy-1656,51y° typerbolic
143x4718, 83y 47 0,97 pasaboloid

2
z=-137, 31xy-2076, 74y 4753, 06y 0, 96 "

2 ' )
B-1755-4 7=-26, 02x —482,58xy—]23],48y9

+71,08x1+756, 36y-10, 9 0,99 :
22—301,24xy—]401,54y2¢776,93y 0,99 '

B-1781-3 z:—8,9OX2—622,72xy—]684,55y2

+39x4993y-5,8 0,99 '
2
z=-493, 23xy-1863, 47y +1021,61y 0,99 "
2 2 o
B-1753-4 z=-43,77x -309,82xy-1287, 68y Elliptic
438, 57x4708,18y-2,6 0,98 paraboloid
Hyperbolic

2= 303, 12xy-1340, 49y°4+735,70y 0,99 paraboloid

B-1753-0 Z=—2O,24X2-694,83xy-1791,9Oy2

163, 94x1812,13y-7, 3 0,99 ’

I3

z=—439,25xy—2044,4]y24833,96y 0, 97 "

2 2
B-1753-2 z=-46, 23x -652,82xy-1715, 37y

175,12x1903,42y-9, 7 0,99 "
2= 466, 38xy-1906, 57y~4+927,01y 0, 99 "

. 2 2
Chirlaque-1 z= 248,83x -1042, 94xy-595, 89y

-67, 96x4+652,3343,5 0,99 '
2
z=-485,51xy-1097, 94y +647,81y 0, 97 :

Chirlaque-2 zZ= 206,3x2-971,42xy—643,22y2

-65,43x4736, 71y44,5 0,99 "
z:-503,83xy-1038,83y24719,39y 0,98 .

2

David z=—72,94x2—436,53xy—637,82y
-4,09x%x4667,43y4+4, 3 0, 99 a
z=—715,63xy—378,08y24668,5y 0,99 '

5 , R .

B-1781-2 z= 19,56x7-482, 13xy-1671, 22y
417,89%x4+838,15y-3,6 0,99 a
Z=~330,4xy-1844,6y24852,11y 0,99 a

()

x and y in m, z in mm,
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ALTERNATIVES FOR PLOUGHING

C. van Ouwerkerk
Institute for Soil Fertility, Haren (Gr.), The Netherlands

ABSTRACT

Experimental evidence from 8 years' research on alternative tillage
systems shows that, at least in a wide rotation, ploughing is not
always needed to obtain good growth. Alternatives may vary from non-
ploughing (for cereals) to deep cultivating (for root crops). In any
case a good seedbed must be prepared, rapid and uniform emergence
being prerequisite to high yields.

Alternatives for ploughing may be incorporated into a system of
rational tillage, aiming at maximum net profit from the farm for the
duration of the (intensified) crop rotation.

Ploughing is the main part of the tillage system and, therefore, an
integral part of the modern Tarm management which aims at maximi-
zing net profit from the farm for the duration of the crop rota-
tion (Van Ouwerkerk, 19TL4). This goal may be achieved by intensifi-
cationm of the crop rotation - to maximize gross yield per ha - and
by rationalization of tillage practices - to minimize total produc-
tion costs, of which roughly 15% may be charged to soil tillage.

The modern plough is reliable but slow: maximum forward speed 1is
about 7 km/h (Poesse and Van Ouwerkerk, 1967). Modern, powerful
tractors >100 HP make the use of very wide, multi-body ploughs pos=-
sible. However, apart from the fact that these ploughs are not easy
to handle, they pay only on very large farms, which are uncommon in
The Netherlands. Therefore, alternatives for the plough are current-
1y sought actively.

In selecting an alternative, one must be clear about the objectives.
The primary objective of ploughing is loosening the soil and res-
toring its homogeneity. Secondary objectives are incorporation of
crop residues, mixing of organic and mineral fertilizers with the
soil, control of weeds and of pests and diseases (Kuipers, 1963).
Insight into the practical possibilities and the fundamental back-
ground can be gathered from the results of research on alternative
tillage systems carried out during 1968-1975 (Bakermans et al., 19Th;
Van Ouwerkerk, 1976).

TILLAGE SYSTEMS

In general, any tillage, especially ploughing, has a loosening effect
on soil structure while traffic has a compacting effect. According

to the extent to which loosening effects are incorporated and cor-
pacting effects are tolerated, four different tillage systems can be
distinguished (table 1).

In the traditional system the soll is loosened deeply and intensive-
ly each year by ploughing. However, in spring the soil is usually
compacted to the extent that the loosening effect is completely nul-
lified.

The experimental loose-soil husbandry tries to improve this situation
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Table 1. Tillage systems.

Loosening Compacting Denomination

effects effects

+ - loose-so0il husbandry
+ + traditional tillage

- - rational tillage

- + zero-tillage

by maximizing the loosening effect and by minimizing compaction
through ratiocnalization of traffic, irrespective of costs.

In its full sense zero-tillage means that any tillage whatsoever
(seedbed preparation included) is omitted (Bakermans and De Wit,
1970). However, for potatoes this is impractical as mechanical
lifting is impossible without proper ridges. Therefore, by way of
concessicn, a seedbed is made by full-width rotovating to a depth
of 7T cm. In this system compaction of the soil predominates. As a
consequence soil structure soon becomes homogeneous, dense and hard
(Van Ouwerkerk and Boone, 1970; table 2).

Tgble 2. EHF "Westmaas" (1968-1971) - Pore space

(%, v/v), averaged over L years and 5 crops.

Depth Tillage system
(cm)
traditional zZero rational
2-7 49.5 b5.9 L8.9
12-17 L6.7 Lo 45.6
22-27 46.3 Lh.7 Ls5.5

Rational tillage 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 i1ts broader
sense (1.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
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beet ~ winter wheat + ryegrass - potatoes - barley or ocats + rye-
grass. In this experiment rational tillage was compared with tradi-
tional tillage and zero-tillage (table 2). The experiment was laid
out on a light clay soil (27% clay; 3.0% o.m.).

In 1971 & new experiment (Ws 38) was started on a heavy loam soil
(21% clay; 2.9% o.m.). Here rational tillage is being compared wif
loose-soill husbandry and zero-tillage in an also Tairly wide, Tour
year rotation, viz., sugar beet -~ barley + ryegrass - potatoes -
ter wheat + ryegrass. The essential features of the three systens
are shown in table 3.

Table 3. EHF "Westmaas" - Tillage systems compared since 1971.

Crop Tillage system

loose-s0il

(A)

Zero

(B)

rational

(c)

winter wheat

sugar beet

plough 20 cm +
sowing (1 pass);

no seedbed prep.
plough 25 em
seedbed prep. +

sowing (1 pass)

cultivator 8 cm

cultivator 6 cm +

sowing (1 pass);

no secedbed prep.

direct drilling

cultivator 3 cm

cultivator 15-20 cnm

+ sowing (1 pass)

no seedbed prep.
plough 25 cm
seedbed prep.,

sowing (2 passes)

cultivator 8 cm

spring barley

plough 20 cm - cultivator 15-20

seedbed prep. + direct drilling seedbed prep.,

sowing (1 pass) sowing (2 passes)

potatoes plough 25 cm - plough 20 ecm
N-fert. + seedbed rotovator 7 cm + seedbed prep.,
prep. + planting planting (1 pass) planting (2 passes)

+ ridging (1 pass) row-rotovating + row-rotovating +

ridging (1 pass) ridging {1 pass)

With respect to soil structure results until now were similar (tabl.
2, fig. 1) for both experiments, mainly due to the fact that wheelpatl
or bed systems (Kouwenhoven, 1975) could not vet be fitted into the
loose-so0il system.

Differences in total pore space between systems A (loose-soil husbar-
dry) and C (rational tlllage) were only slight at the 2~7 cm deptlh. A:
a depth of 12-17 cm A was equal to or slightly better than C (effe. -
seedbed preparation) while at a depth of 22-27 cm A nearly always
larger pore space than C (effect of working depth). With zero-till
(system,B) soil structure was much worse: at 2-7 and 12-17 cm dept!
approached the maximum density for this scil (pore space 39%, v/v).
the 22-27 cm layer, not prone to compacting effects, pore space wa
somewhat higher.
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Fig.1. EHF "Westmaas" (1971-1975) - Pore space, averaged over 4 crops.
A = loose-soil husbandry; B = zero-tillage; C = rational tillage.

It is striking that, in all systems, pore space decreased in the course
of time and even in systems A and C fell below the critical level for
this soil (pore space L5%, v/v; air content at pF 2.0 about 10%, v/v).
However, this trend was due mainly to the effect of bad weather condi-
tions during autumn and winter 19T74/1975. Thanks to the subsequent

fine, dry summer, distinct signs of recovery could already be noted in
the auntumn of 1975.

Averaged over the years there were no significant differences in yield
level between systems A and C for the crops studied.

With zero-tillage, the yield level was clearly lower, especially with
root crops. Experimental evidence suggests that actual differences
between systems A and C were due mainly to differences in quality of the
seedbed or in amount and aggregate diamaster of the loose soil in the
potato ridges. With respect to zero-tillage it can be stated that nega-
tive effects of poor soil structure predominated. These negative effects
may be compensated, at least partly, by preparing a good seedbed and by
increased nitrogen dressings.

To what extent these results will hold for extremely narrow rotations is
being studied in new field trials. Preliminary results indicate that
further intensification of the crop rotation and a higher net return

are possible only if labour-saving alternatives for ploughing and other
important parts of the tillage system are introduced.

ALTERNATIVES FOR PLOUGHING AND RATIONAL TILLAGE

Alternatives for ploughing depend on crop rotation, soil type, and
climate. Moreover, in my opinion, the alternatives should contri-

bute as much as possible to the net profit from the farm for the dura-
tion of the crop rotation.

The most promising alternative for ploughing:found so far is the modern
rigid-tined cultivator or chisel plough which produce about the same
intensity of loosening as the moldboard plough. However, depending on
the way of soil breaks up between the tines, the effective average
working depth of a cultivator is up to 5 cm shallower than the depth
of the tines. Therefore, below 20 cm depth one has to reckon with a
denser soil than with ploughing. Hence, it is not advisable to con-
tinue cultivating to this depth for many years. As a cultivator does
not invert the soil, green crops cannot been turned under properly.
Therefore, they have to be killed chemically. When they have produced
much bulk, a shallow pre-treatment with a full-width rotovator has to
be added. As these are costly, time consuming measures, ploughing is
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preferred in this case. Tor the same reason the spading machine is now
obsolete in Holland. The non-inverting action of the cultivatcr has
the big advantage that potatoes lost at harvest stay in the topsoil
where they have the best chance of being frost-killed (Lumkes, 197h).
However, not inverting the soil means slso that sugar beet tops and
leaveg as well as rhizomatous weeds stay near the surface. Hence,

for spring cereals and sugar beet, seedbed preparation, serving alsc
as mechanical weed control, is indispensable. Also later, intensive
weed control has to be continued.

Generally, there are no objections to replacing ploughing by culti-
vating. However, in some cases a part of the zero-~tillage system may
serve as an alternative. For instance, in the narrow crop rotation
sugar beet - winter wheat + ryegrass - potatoes, deeply loosening

of the soil may not be necessary for winter wheat. When excessive
rutting has not occurred the wheat can be drilled easily with a triple
disc machine. Other possibilities are using a semavator or broad-
casting the seed and working it under with a spring tined cultivator.
After potatoes, however, it 1s imperative to level the surface and

to mix the fine soil ecreated at harvest with coarser material from
beneath to re-establish contact with the subsoil and to create enough
storage capacity for water. This is accomplished 1in one pass with the
rigid-tined cultivator, provided 6 to 10 AP per tine is available.
After winter wheat ploughing is preferred, as outlined before.

Along these lines alternatives for ploughing may be found and incorpo-
rated into a system of rational tillage. While not denying that high
yields are rightly looked upon as the basis for a high net profit, it
is a matter of weighing costs and returns to determine to what extent
the specific demands of crops with respect to soll structure and

weeds may be met.
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Multi-powered soil tillage implements

Ir. U.D. Perdok
Institute of Agricultural Englneerlng, Mansholtlaan 10-12,
Wageningen, The Netherlands

ABSTRACTJ

General properties of multi-powered tools are discussed on the basis
of rotation, oscillation and translation.

Specific work of a rotary tiller is determined (indoor) in clay and
sand.

Field measurements with machine and soil data are given for Dutch
machines like the rotary diggexr, the pburyvator and the tine-equipped
machines for seedbedpreparation.

PRESENT INTEREST

Multi-powered soil tillage implements become more and more popular in
the Netherlands, especially on silt and clay soils with workability
problems (from appr. 30% <16um).

Also on these soils, the farmer is forced, to grow rootcrops in a
narrow rotation nowadays. The high value potato-crop for instance,
demands a well crumbled plantbed, to favour a prosperous growth and a
full mechanical harvest of the ridges.

Sugarbeets on their turn need a rather fine and flat seedbed, to
proVLde a good germination, care and harvest. Heavy clay.,used as
areable land, is only well suited for cereals and rape, which crop has
to be scwn very quick after wheat-harvest in August. In both this
circumstances multi-powered impleirents, can perform a good tilth
within a short period and very often one operation will be sufficient,
Drawn implements move straight forward only. Thus, the tilth is very
dependend on the initial soil condition and can be effected only by
tractor speed.

The energy transmission by wheels will cause atlucture damage
{(compaction ect.).

Rotating and oscillating tools, as examples of multi-powered implements
are preferred sometimes, in spite of their moire complex mechanism,
Draft is reduced or replaced by rotating energy which is transmitted
by p.t.o. very efficiént.

This rotation,superposed on forward speed, offers many possibilities
for soil manipulation.

PATH OF MOTION

In fig. 1 the different applied principles of rotation, oscillation and
translation are presented.

Rotation and translation are powered with constant speed (producing
cycloids resp. diamond pattern) while oscillation is generated in the
same way as the well known cutter bar, producing sinus curves.

The tillage intensity generally is influenced by the bitelength 1
forward speed
(number of tools/sec

Tines are well suited for transport and pulverisation of bare,workahle

soil (situation in springtime), while blades and knifes can cut rather

wet soils and plantresidues (practised mostly after harvest).

) and the tool speed.
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.a) rotation b) oscillation “* ¢) translation

Fig. 1 Path of motion for different principles (forward speed 1 m/sec)

a) rotary digger b) rotary tiller c). "buryvator"

"Fig. 2 Three principles of vertical rotation.’

APPLICATION OF VERTICAL ROTATION

Vertical rotating tools act w1th an open furrow; thuu the whole 5011
mass is transported.
Clods and plant residues will meet w1th tool forces from top and with
counter pressure from bottom, between which this materlals will be
cut down ect. ' :
The generated soil flow can be manlpulated by auxxllary parts in be-
half of crumbling, leveling, xidging, mixing, segregation ect.
In fig. 2, the principle of three machines is presented:
a) bites turned or pushed down into the furrow (rotary diggex)
b) bites bumped against cover, flap or ridging body (rotary tlller)
c) bites trowed through the grid (buryvator)

- SOILBIN I'YE'.ASUREMENTS

The torque reguirement of the rotary tiller with blades has .been
determined in clay and sand (Burema 1976).
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Fig. 3' Relation between specific work {As) and blade speed N {r.p. sec),
for different bites (BL)on clay (K) and sand (2) at a depth of 1 dnm.

According to the formulas (fig. 3), the specific work increases cubic
with circumferential speed and decreases linear with bitelength and
forward speed.

The rotary tiller enables to put in a lot of energy into the soil, used
for cutting, acceleration ect.

In the field, the resistance of agricultural soils will lie in betweean
this cohesive and frictional indoor-soil, and the same model will hoeld
in principle. '

FIELD MEASUREMENTS

1) Rotary digger (fig. 2a)

Measurements have been carried out with two types of rotary diggers,
pushing, resp. tipping the bites from the blade.

The bitelength has to exceed the depth (appr. 25 cm) to get enough
clearance, )

At a gross capacity of 0.4 ha/hour, the enerqgy consumption of both
machin®s (width appr. 2 m) will amount teo appr. 20 Bp on dry and wet
silt soil. On clay soil 40--50 Hp is needed, especially on wet soil.
Due to sticky problems, a more difficult removal of the bites is found
by pushing, compared with tipping.

Ploughing instead of digging needs almost half of the above mentioned
energy, but the wheelpower is transmitted with relatively low
efficiency.

2) Buryvator (fig. 2c¢)

The buryvator has to operate with a minimum bitelength, according to
the interspace of the grid (5 cm), to enable the segregation of sods.
The power requirement of this machine {(width 1.50 m, depth 15 cm) is
rather high on the compacted turf especially on heavy silt and clay
soils (appr. 70 Hp at 2 km/hour). On sand and peat soils, 45 Hp appears
sufficient. '
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3) Machines for seedbedpreparation

In spring 1975 powered implements have been tested with the spring

tine cultivator as control. General machine- and 501ldata (4 repetltlons)
are summarised in table 1.

Cultivator: total power is delivered by the drawbar and amounts to

appr. 5000 N. Specific work and crumbling effect are low. Classification
in this way (clods <20 mm) is easy to determine and to 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, to
level the soil in front of the machine. The draft is rather high -
(appr. 7000 N} and the manageable specific work remains low.

The requi-red torque remains the same, independent from forward speed.
Thus, % p.t.o. power decreases with increasing forward speed.

Horizontal haxrrow: stationary, the tines describe circular touching
prints. At low r.p. m the machine looks like the oscillating harrow
more or less; at higher rx.p.m the performance achieves those of the
. rotary tiller.

Rotary tiller: the vertical moving tines will mix dry top soil with
relatively wet subsoil. By means of the big dlameter, ridging is
possible later on.

Very high speclflc work is manageable ‘and glves agressive action.
Caution in handling is desired.

lepent Path Width | Forward | Max, P.t.o. Spec. Crumbling Tapacity | special Soil

of per speed circun- power Work A§ effect tool type
motion tine |[ (m/sec) | farential | (% of (Nm/dm ) % clods <20 em " | effect
{cm) speed total) = 10 !
(m/sec)
Cultivator straight| 13.0 {1.1-2.0 - ] 42~ 45 6.7-6.9 high leveling tighter
. 4 : or
_ shallew |
oscillating | sinus 8.3 ]0.7-1.4] 1.9~ 2.4 ]750-63 119~150 6.4-8.0
fhorizoatal hor. 12,5 [0.4-1.3[ *3.6- 6.7 | 69-92 81-263 7.5-8.3 -
harzow cyclold " ! J, l
4
rotary vert, 16.6 [0.6-1,2[10.6~14.0 | 89-95 95-316 7.4-8.3 Low umb 1in h
tiller cyclaid : = ’ ;avhr
: deeper
Table ! General uwachine and soll data of different implements (width app. 3 m, depth appc. S cn)

at various adjustzents, on silt soll (appr. 40V <16yum).
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CONCLUSION

The defenlte machlne selection has to be made, dependent on soil type
and crop rotation, : :

'In Dutch areable farming, one may expect more and more powered
implements, the more sSc as obstacle problems generally do not occur.
Simple mechanicle principles (f£.i. rotation) are preferred above
vibration and translation from point of vieuw of wear and tear.

The machines offer possibilities for special situations (time missing
for tillage sequence) and for "heavy duty” jobs like soil sterilisation.
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Extensive cereal production in minimum tillage as alter=-
native form for landscape shaping

Manfred Probst
Universitat Hohenheim (LH)

Abstracts:

—————— —-———

Because of many reasons former arable land lies fallow =
almost exclusively in nice landscapeswith poor agricul-
tural production conditions.

Instead of using shaping methods that cost money, our

idea issto 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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zeltgemiBe Aufgabe der Landwirtschaft?-25./26.9.1973
in Wirzburg

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 the amount of former farm land lying fallow incre-
ased from 220.000 ha in 1970 to about *00.000ha 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 incoie
in the industry than on farms
~ unegqual structure of farm land
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- poor quality of the factors soil, water, land inclina-
tion a.s.o.

A similar development also takes place in other euro-
pean countries (4). Though fallow land also shows some
advantages, 1t 1s generally refused because of reasons
like
- this development directly leads to some form of wood

that in many regions is sufficient ()70%) and a recul-

tivation than will become difficult,

- the unshaped aspect is not 1iked 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 consisting in:

1. Cereal crop-rotations (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 evenly 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 (Mg0/Cal) fertilizer application to a cereal crop
is relatively low (40,0 kg/ha K O/PZOB) according to

the mineral bilance.

6. While using competitive cereal crops, spraying is con-
fined to phenoxy-herbicides (71x)

7. Depending from agricultural manpower available, a
"green fallow" 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 using

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 "Schwidbische Alb", 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,

%2 different field tests were carried out on 2 typieal..

poor sites of arable land (6).

Pab.1 Characterietics of Lihe sites of the ¥ fleld lenls

th(. teristics fulto=-Renduina dnuke r—“ruunurur
{westlicu vom dchwarswald) (Yldl'an 1d)

Luild clay with a righ porcens— nnand
tage of limestones

pi-value in 5 4 -5
0-20cm

% {0)semperature 7,9 9,0

14 (zw)precipitation 700 £00 )
siope inclinatiun %  slight (0-3) + (3 -15)
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OQur questions were:

1.

4.
5.

Which grain yileld is possible under these production
conditions on different poor sites to decide, whetner
one or the other extensive form of grain production

1s profitable or not?

Can a fallow in the rotation (old three-field-systen)
increase the grain yields? '
Is 1t worth while establishing a green-crop - and
which one - in the time between a winter and summer
cereal crop or in the fallow years?

Does this cultivation method without the plough suf-
ficiently fight a weed infestation (grass)?

What about the traversibility of these fieldg (for
recreation uses) in the time between harvesi and seed?

Tah,? Graln yields with extensive csreel produciion
~ Kulto-tenugina -

%7/ ha Serye Beharley Y.rye Cobarlay
. 1972 1974 1975 1976
TTTES i, T DI ST
I T ¢] Syt P [y .
11 30 24,7 ---= 28,3 =
50 26,7 -—-- 28,7 ——-=
17 %0 34,7 ——- 28,3
60 36,7 ———— 28,7
M ———— 65,1 ———
¥ %o ——— 61,7 ———

The 60 kg/ha N-level only lightely effects the corn yield
of rye positively in 1974. The 60 kg/ha lN-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 (1973), increased the grain yield
of barley by about 15% in 1974.

Tab.h o arain ylelds with extennlve cercal productien
- Runloer~Braunerdo-
wg/ha W.rye oats W.rye
“ 1977% 1974 1975
40 45,7 445,73 ) 26,8
1 #1,/Pl
0 54,5 54,4 33.9_|
40 a5, 7e,8 37,3
IT  R/B
70 54,5 41,5 24,73 |
40 45,7 [ EZIN)
1iT #/R
Tr.repens=70 54,5 ———— 27,2
40 48,7 ———— 51,73
v F/R )
Tr,.repens+70 54,5 e 41,6
\'s 70 ——— 28,9 14,9
recultivation
{(fallow 10 y.)
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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
11 deer grazed the rape green-crop totally (this was
about 30 dt dry matter/ha) in autumn.1973. Another fact
was grass infestation. It seems to become a problem
(Apera 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 NW-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 accumulation, one should not miss
the suitable white clover catch-crop on this site.~The
recultivation of an-over ten years old fallow (V) - using
the rotaseeder and 70 kg N/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 bul the 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. 4 Grain yields of narleyldt/hal depending from different green-crops

4 dt/ha  Suringa2-year fallow and the intensity of cultivation intensiye

T cutting of the green-crops in

the second year after secd

and phenoxy herbicide spray-
ing of barley
504

extensive
no cutting of green-crops
and no spraying of barley

T
40 : ;l »
I/ "t
7
!

/

-

1

35 , T
il S

Ll “{

|

|

L

30

Trif resup. Phacelia Akela- Lolium  Trifolium Winter- Medicago { Perko) (Lathyrus
fallow rape multiflorum repens rape lupulina sativus)
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A two-year fallow with different green-crops showed
distinct effects on the grain yields of barley. The
tensive treatment showed ~almost with no exception -
higher yields. Best results we got after Medicago lup
lina. Very similar results were obtained with Trifoliuv:
repens, rape spec. and Lolium multiflorum. Feriko and
Lathyrus sativus are invalid because of there complete
infestation by Atriplex patula.
Summarising we can state, that the catch-crops with =a
growth and competition in the second year showed lowess
yields (Fallow, Phacelia, Akela-rape) and a phenoxy-
herbicide spraying there had highest and significant ef-
fects. In each case the grain yields after a catch-crop
exeed these after a mere fallow with 1ts 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 for ploughing while using
winter-rape kinds as a very competitive catch-crop on =z
one year fallow or clover kinds on a two~year fallow.
Iven no spraying is needed in the first cultivation yeor
after an old fallow on the sandy site.
It i1s evident that ithe straw mulch after the harvest 1u-
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.
S0 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. As to 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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DANTSH EXPERTMENTS ON SOTL COMPACTTON

Karl J. Rasmussen
Statens Forsegsstation, DK 6280 Hojer, Denmark

ABSTRACT

Soil compaction by traffic in spring has reduced the pore space
and the air content in the upper 6-lo cm., The reductions are
greatest after the first run over and after compaction under wet
conditions. 5

A specific vertical pressure > 0.7 kg/cm  has in many cases
reduced the air content to lesser than lo volume per cent. The
compaction causes a reduction in the part of large pores (>30 um)
and the hydraulic conductivity decreases. Intensive traffic on
wet soil has given considerable smaller yields of grain, whereas
moderate traffic under ideal and dry conditions hasn't done any
damage. In certain circumstances undexr dry conditions the compac-—
tion has even been useful. '

The optimum pore space on the sandy loam soil is 41-44 volume
per cent and on the silty loam soil 50-54 volume per cent, while
the optimum air content in both of the soils is 11-15 volume per
cent.

SOTLTYPES AND EXPERIMENTS

Experiments with soil compaction before sowing of barley in spring
were carried out in the years 1970-1974 on sandy soil at Jyndevad,
on sandy loam at Renhave and on silty loam at Hejer. The texture
of the soils is shown in table 1.

Table 1 Analysis of the texture in the upper o0-25 cm, per cent

Humus Clay Silt Fine sand Coarse sand
{0.002 0,002~ 0,02~ 0.2-2,0
mm 0.02 mm 0.2 mm mm
Jyndevad 1.8 3 2 18 75
Reonhave 2.1 13 17 49 19
Hajer 22 15 13 70 0

In the fields the soils were compacted with tractor wheels respec-—
tively o, 1, 2 and 4 times under wet, ideal and dry conditions.
Experiments with different specific pressure are carried out in
lysimeters on the same soil types as in the fields. The specific
pressure has been respectively o, o.k, 0.7 and l.o kg/cmz.

PORE SPACE, WATER AND ATR CONTENT

Figure 1 shows the content of pore, water and air of the silt loam
soil immediately after compaction in spring. The traffic causes a
reduction in the pore space and air content. The greatest changes
occur after first run over. The total pore spaces in the upper 6-
lo cm of the soils are shown in table 2. On the sandy soil the
pore space is reduced from 51.4 volume per cent in the uncompacted
soil to 39.7 per cent after !t compactions, at the sandy loam from
42.3 to 36.5 per cent and on silt Loam from 53.0 to_45.7 volume
per cent. A specific vertical pressure of l.o kg/cm®™ has under wet
and ideal conditions reduced the air content to lesser than lo vo-
lume per cent on the loamy soils. o©.7 kg/cm2 has only in a few ca-
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ses reduced the air content to lesser than lo volume per cent
which is regarded as the lowest limit for air content in these

soil types.

Figure 1 Pore space, water and air content in 6-lo cm depth after
establishment in spring. Silt loam.

pore space by
volume per cent

6o |

rr—__~, T _%—r—“" air

Yoi | I I e
] water
20 - ] I
012 ¥

o112y 0124 / l,; numbers of compaction
wet ideal dxy conditions

RETENTION CURVES AND PORE SIZE DISTRIBUTTIONS

Retention curves from the field experiment on the sandy soil and
from the lysimeter experiment with silty loam are shown in figure
2 and the pore size distributions are shown in table 2.

Figure 2 Retention curves for sandy soil (Jyndevad) and silty
loam (H@jer)
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no compaction
lo - Lo _jo.ll- kg/cn12
----1.0 kg/cn12
[«] o A T T T T
o o Za ‘/0
water by volume per cent ~ water by volume per cent

On the sandy soil the part of large pores are reduced from 37.4
volume per cent in uncompacted soil to 21.7 volume per cent after 4
compactions. At the same time the part of medium pores are increased
from 9.9 to 13.0 volume per cent which means that the water household
is improved because the part of small pores are almost identical. On
the sandy loam the part of coarse pores are decreased from 12.4 to
6.3 volume per cent and on the silty loam from 14.4 to 3.9 volume per

cente.
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Table 2 Pore size distribution, per cent by volume

Pore size, pm

large medium small Pore
Jyndevad (sand) > 3o 30-0.2  <0.2 volume
Uncompacted 37U 9.9 4.1 5l.h
1 compaction 24,6 12.5 L.8 41.9
Ly compactions 21,7 13.0 5.0 39.7
Reonhave (§gndy loam)
Uncompacted 12,4 19.0 1l0.9 42,3
1 compaction 12,1 18.5 11.1 L1.7
L4 compactions 6.3 17.3 12.9 36.5
Hojer (silty loam)
Uncompacted 4.4 29.2 9.4L 53.0
1 compaction 6.0 31.3 lo.b L.y
L compactions 3.9 31l.0 lo.8 L5.7

HYDRAULTC CONDUCTIVITY FOR SATURATED SOIL

Hydraulic conductivity for saturated soil (kf) is dependent on the

part of large pores as shown in figure 3 where the results of meas-
uring from the three soils are shown. Small changes in the part of

large pores mean great changes in the conductivity.

Figure 3 The relations between the part of coarse pores and
hydraulic conductivity for saturated soil

kf'y mm per hour
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Pores > 30 um by volume per cent
THE YIELDS OF GRAIMN

The influences of the compactions on the yields of barley are
shown In table 3 which shows the averages of the years. On an
average one compaction hasn't been injurious to any of the soils.
Two compactions have reduced the yields on the loamy soils under
wet and ideal conditions and four compactions have reduced the
vields on all three soil types under wet and ideal conditions
whereas the injury under dry conditions was minimal.

Two compactions under dry conditions on the loamy soils have
been useful. In years with moisty growing seasons (May—June)
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there are found considerably reductions in the yields after com-

vaction.

Some years with dry summer the yields are increased after com-
paction. The relations between yields, pore space and air content

are shown in figure 4.

Table 3 7VYields in hkg grain per hectare (barley)

Conditions numbers of Jyndevad Renhave Hojer
of wetness compactions sand sandy loam silty loam
wet o 30,8 Lo,7 49,1
1 31.3 50.4 48.9
2 30.6 48.3 h5.3
Ly 29.0 L5.5 36.6
LSD95 - 3.4 2.7
dry o 30,4 50.6 k7.0
1 30.4 51.0 48.9
2 3o.1 52.3 Lo .k
L 29.8 L9.1 b7k
LSD95 - 1.9 -

Figure 4 Relation between yield, pore space and air content
hkg grain per ha

hkg grain per ha
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The optimum pore space is 41-44 volume per cent in the sandy loam
and 50-54 volume per cent in the silty loam. The optimum air content
in both of the soils is 11-15 volume per cent.

Tt hasn't been possible to record some relations between yields,
pore space and air content in the sandy soil because periods of
draught in the growing seasons most years have limited the yields.

REFERENCE:

Rasmussen, K.J. (1976) Soil Compaction by traffic in spring.

I. Conditions of growth and yields

II. Soil physical measurements
Tidsskr. for Planteavl (In press)

(Danish with Eng. subtitle)
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ABSTRACT

Simplified methods of cultivation, especially direct drilling,
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.

If roots experience external pressures greater than a small

fraction of a bar their rate of extension is much reduced and their
branching can also be modified. Adequate rooct growth thus

requires the presence of sufficient continuous pores which roots
can penetrate freely or expand while resisting only small pressures.

The 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 served 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 little
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
rise to problems, for example because of soil erosion, there was
little incentive to study the functions they served. Thus, in our
country the first detailed experiments on the effects of cultivation
on crop growth in the absence of weeds did hot commence until the
1920s (see Keen and Russell, 1937); the situation was broadly
similar in other areas. It 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 little practical importance; cultivation
was essential for weed control,

More recently the development of herbicides caused the situation to
change dramatically. Much reduced cultivation is now possible —
even direct drilling (zero cultivation) can be successful in many,
though not all, circumstances, If full advantage is to be gained
from these new opportuniiies, without undue risk, a much fuller
understanding is 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, is the greater compaction of the soil,
Thus, in the first 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 60-100 um, 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 Schuurmants (1965) observa-
tion that when the bulk density of soil rises from 1,2 to 1.5 g. cm™
the total volume of pores greater than 100 um decreases from 17, 4
to 1, 6% (Fig 1). But there is no simple relationship between the
pressure to which soil is subjected and the extent to which pore
space is affected., Soil "strength!! is influenced both by water con-
tent and by the stability of the pores.

Bulk density (g cm™3)

1.2
—
>1200 §
T == =
3
¥ 100-1200 \
3 .
@
g
5 \\;
o
3
o
0 5 10 15 20 25
Volume of pores 7 total soil volume
FIGURE 1

Effect of compaction on pore size distribution in a sand with
2. 1% humus, (Derived from Schuurman, 1965)
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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 but it is important
to bear in mind that if 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-filled pores
and if 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 air-filled pores {Greenwood,
1969), Thus, because of the effects on pore space in compact soils,
plants growing in soil may simuitaneously be exposed to anaerobic
conditions and mechanical impedance. Quantitative relationships
between mechanical forces and root growth are therefore seen most
clearly in artificial 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 little studied until
the last few decades despite the fact that before the end of the last
century Pfeffer (1893) had shown that when rigidly confined living
roots could exert considerable pressures, perhaps 10 bar. The
minimum pressures which restrict root penetration are of greater
relevance to crop growth and it was not until after 1950 that Gill and
Miller (1956) made the first 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, It is now weli 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 {(Hordeum vulgare) the length of roots is reduced
by a fifth 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-specific differences occur, all experiments
in which the pressures which roots experience have been directly
measured show a considerable reduction in elongation if the pres-
sure resisting penetration is 0. 5 bar or iess. Growth can, howeven
proceed slowly against considerably higher pressures.

The branching pattern of roots is also affected by exterriar pressure,
Laterals are closer together and their length may be much increased
if the pores in the rooting medium permit them, but not axes, to
penetrate freely. Sometimes this can iead 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 little
more than 5 cm after 3 weeks growth., Under field conditions such
root systems suffer obvious disadvantage through a restricted
supply of water and nutrients, But if they are protected from

these stresses the weight of the plant and the uptake of nutrients
may hot 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 it 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 or
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 usually 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 it can
also create restrictions to penetration by roots, It is 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 grassiand; within a year of
ploughing it may decrease markedly though the total organic
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FIGURE 3

Root system of barley plant 3 weeks old grown in rigid
pores 150 um in diameter. Axes but not laterals were
impeded, (Scale bar = 5 cm)

matter in the soil is little altered (LLow and Stuart, 1974), This
seems to be because stability depends largely on relatively labile
organic matter produced by micro-organisms from root exudates or
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 for drainage and
root penetration,

There is now much evidence that soil which has been direct-drilled
for several yvyears can develop these characteristics to some degree,
thus becoming intermediate between tand under permanent arable
cultivation and permanent grassland (Baeumer and Bakermans,
1973). Considerable increases in the earthworm population have
also been observed (Schwerdtle, 1969; Cannell and Ellis, 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
for periodic deep cultivation may not be eliminated in some climates,
But definite benefits can occur in other circumstances, On some
heavy clay soils the preservation of planes of weakness which
permit root penetration can be of considerable importance,
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Moreover, the abandonment of cultivation on such «<'!- may some-
times have the additional advantage of eliminating the risk of
serious compaction when carried out under unfavourable con-
ditions,

Finally, attention is drawn to the unavoidable limitations of all
simple physical measurements of the characteristics of the bulk soil
for predicting the response of root systems to mechanical stress,
especially in soils with massive structural units, Taylor et al
(1966) have obtained useful empirical correlations between root
penetration and soil resistance to penetrometers in uniform soil,

In soils with large structural units there may be little 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 cultivation is a stimulus to
seeking a fuller understanding of the response of roots to soil

physical conditions, a subject which calls for the joint endeavours
of plant physiologists and soil physicists.
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ABSTRACT

The tillage mechanism of rotating tine-blades driven by a tractor
has greatly increased as a main tillage equipment in the mechanized
farming of paddy rice cultivation in Japan. These machines are called
"Rotary Power Tiller'" and "Rotary Tractor'".

In order to minimize tillage resistance and make them fit to the
field and cultivation conditions of Asian paddy rice farming, unique
rotary tine-blades of rotary tillers have been developed.

Main specificaticns and dimensions for designing rotary tine-blades
are obtained through theoretical calculations.,

1. BACKGROUND OF ROTARY TILLAGE FOR PADDY RICE CULTIVATION

The tractor has appeared after utilization of animal powers on the
farm. All kinds of field equipments for draft animals have been
modified so as to be pulled by tractors. Among them, there have been
some rotating tools like disk plows and harrows, etc. In addition,
the special mechanism of rotating tine-blades powered by the tractor
engine has been developed in Europe.

Western countries consist of mainly field farming. Their soil
tillage is usually performed by plows, harrows, cultivators and so on
drafted by tractors. Powered rotating mechanism is partly used.

Asian farming regions consist of mainly paddy rice cultivation, and
their mechanical tillage has a different development pattern from
Western one. The traditional tillage equipments of draft animals have
a tendency to be replaced by the rotating mechanism driven by tractors,
particularly in irrigated area.

In Japan, 300,000 to 500,000 units of hand tractors are produced
every year. About a half of these are the hand tractors coupled with
rotary tillers. These are called "Rotary Power Tiller'". 1In 1975,
Japan produced about 200,000 units of riding tractors. About 75 % of
these tractors were coupled with rotary tillers as a standard type
called "Rotary Tractor". In Japan, there was 4,521,000 hectare of
arable land (fiéld and paddy field) in 1974. Of this 8,209,000 hectare
is paddy rice field. More than 95 % of paddy field tillage is consi-
dered to be carried out by rotary tillers.
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2. PADDY RICE CULTIVATION SYSTEM AND ROTARY TILLAGE

As a rule, rice cultivation starts in the biginning of rainy season.
The cultivation is divided into two systems, namely, direct sowing and
transplanting system. The former is applied in very limited area (1 %
or so, 1974 in Japan), while the latter is more popular and standard
cultivation method in Japan and other Asian countries. The rotary
tillage for the transplanting system of paddy rice cultivation is as
following;

@ Seedbeds can be easily prepared in earlier season with small amount
of water, because the size of a seedbed is 1/10th to 1/20th of paddy
rice field to be transplanted. The rotary tiller produces the seedbed
of fine harrowing.

@ After seedbed preparation, the field has to be prepared (puddled)
with enough amount of water for transplantation. The soil conditions
requested after puddling are of flat level mud surface and uniform
soft tilth that gives minimized pain to the fingers of transplanting
farmers and also has enough consistency to hold the young plants.
Tillage by the rotary tiller is easier to keep soil surface flat.
With one or two passes of the rotary tiller, in general, a suiltable
and uniform harrowing effects can be expected.

@ Perfect puddling work is expected to remove and/or kill weeds. This
puddling has to be done within one-day-before transplanting. Then,
farmers transplant the young rice plants which have a better growing
phase than weeds in the soil. A well designed rotary tiller can cut
weeds and combine them into the muddy soil.

@ Although the working efficiency (time and fuel consumption) of the
rotary tillage is lower than that of only plow-tillage, the total
efficiency including harrowing and puddling of it is considered ‘to be
almost equal or better. In other words, it is more convenient than
that of plow and harrow utlllzatlon for preparatory tillage of paddy
rice transplanting system. .

These are the reasons why the rotary tillage has greatly increased
in Asian paddy rice farming area. The shapes and design theories 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 tine respectively. The hook-tine as shown in Fig. 1 is used
scarcely for paddy rice cultivation, because weeds are apt to entwine
on it easily.

— N

Js Js

Rotary Blade Rotary Hook Tine

Fig. 1 Examples of Japanese rotary blade and tine.
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3. TILLAGE DEPTH AND RADIUS OF ROTARY TINE-BLADE

In the time of animal plowing before world war II, general plowing
depth of the paddy rice field in Japan was 9 to 10 em. The average
yield of rough rice was 3.6 to 4.3 tons per hectare in 1935 to 1940.

The national necessity of higher production of rice promoted the
farming technology of deeper tillage and utilization of more chemicals
and fertilizer. The farmers required a machine performance for till-
age depth changed from 10 cm to 15 cm, if possible 18 cm. The average
yield became 4.5 to 5.2 tons per hectare in 1955 to 1960.

In the pericd 1960 tc 1976, this has changed again from 18 cm to the
range of 12 to 14 cm, because of changing technology of rice cultiva-
tion and development of transplanting machines.

In old times, it was a common system to give additional fertilizer
once or twice after the hase fertilizer. However, recent 10 to 15
years, farmers in Japan became to give additional fertilizer at least
three to four times, observing the growing condition of rice plants,
thus making paddy rice roots grow shallow in the shallow tilth. To
control the soil and water of shallower tilth is easier than to do
these of deep tilth.

In old times, young rice plants grown at least 20 to 25 cm were used
for transplanting by manual labour. Due to the advancement of indoor
growing system of rice seeds and greater capacity of transplanter
machines, younger plants are used for transplanting. Shallow tillage
is also accepted by the farmers to prepare flat and nice soil surface
that will give stable machine travel and accurate transpranting work,
The average yield of rough rice in Japan was 6.0 tons per hectare,
1873, and 5.9 tons per hectare, 1974.

The design equation *to get the conceptional radius, r, of the

tine-blades is;
r =H+ ay
where H = the maximum depth of tillage,
a] = the bottom radius of the transmission case of the tiller.

Actual values of aj in the case of 7 to 14 ps hand tractors and 10
to 15 ps riding tractors for small scale farmings are 8 cm or so.
Adding 12 to 14 cm of H to aj,COmmMON gige of rotary tine-blade radius
for Japanese rice cultivation is 20 to 22 cm.

This means that the conceptional capacity of tillage depth of rotary
tillers can be estimated from the dimensions of its side view.

4, DETERMINATION OF RPM

The tillage force T kg, produced at the tip of the rotating tine-
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.

rn

Higher revolution of the tine-blade will produce higher effects of
harrowing and smaller tillage force T kg. This means that higher
revolution is easier to produce lack of tillage force, and slowdown
of engine rpm or shallower depth of tillage.

Slower revolution of the tine-blade will have rough harrowing and
strong tillage T kg, which has a capacity of deeper tillage. However,
if such bigger force T kg grows over the adhesion and hucking capacity
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of drive-wheels to the ground, the tractor will lose its stable
travel. In other words, the tractor will have much slip-forward or
spring-forward phenomenon.

Basing on these concepts, the minimum value of tine-blade rpm has to
be decided (calculated) so as to have no spring-forward phenomenon,
under the condition of full horsepower operation of the tractor.

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, as shown in Fig. 2.

Maximum rpm of the rotary axle is :
decided from the harrowing requirement
of farmers and tractor engine capacity,
etc. Two to four shift gearings of
rotary axle rpm are adopted in the
range of minimum to maximum rpm.

In general, the tine-blade rpm of
rotary tillers in the case of. Asian
paddy rice cultivation is in the range
of 150 to 40O rpm.

The lowest revolution of the tine-
blade is also important to discuss
the strength of machine parts.

JS

5. NUMBER OF TINE-BLADES AND TILLAGE WIDTH

The tillage width of a rotary tiller has to be at least the same as
or bigger than the outer width of both standard drive wheels. The
engine horsepower of the rotary tractors and rotary power tillers is
carefully selected with this condition.

The smaller number of tine-blades on a rotary axle is advantageous
to having smaller tillage resistance.

As shown in Fig. 3, general value of tine-blade holder interval c
is 40 to 50 mm, because hook-tines may be mounted on the same holders
for the blades. Actual design dimension of blade width c¢'='c - 5 to
10 mm. Total tillage width of a rotary tiller can not be the value of
total number of tine-blades times c¢. As shown in Fig. 4, there are
gome rotating faces where two blades
are rotating on the rotary axle. c ¢ . C

Thus, common relation of total T
tillage width w and total number
of tine-blades b is;

b &w/ 37.5 to 40

(ArArAra | A
OPICPICPIVP R = ————

Fig. L J5
3

Fig.

6. KNIFE EDGE-CURVE OF ROTARY BLADE

When rainy season comes in late spring in countries of temperate
zone, or after dry season in tropical countries, weeds start to grow
in the fields. Also, there l1s $straw, stubbles and grains of previous

crop on the fields which have to be tilled and puddled.
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Therefore, it is one of the fundamental design elements for the
rotary blade to have an optimum knife edge-curve, in order to avoid
the entwining of straw and weed. AN N

In order to use the slip-out

w
force " F cos & " of weed and straw
as shown in Fig. 5, a knife edge-
curve is designed so as to have
optimum "edge-curve angle" o,
hairaku-kaku in Japanese, that is
considered to be in the range of
55° to 67.5° in normal condition.

Larger angle than 67.5° produces s
excess tillage resistance, and smaller Fig. §
angle than 55° produces poor grass-removing effect, resulting in the
possibility of grass coiling to the rotary blades and axle.

The design equation of knife edge-curves is a kind of spiral curve
equation as follows;

e -1

ok S ,
r, = r, sin o  sin (uo + k 0)
where r = calculated radius in polar coordinate, mm,
ro= radius on the starting tip point of =0, mm,
o= edge—gurve anglenon the starting point of 6=Oé degree,
0= changing degree in polar coordinate, every 10°,
k = constant to determine the increasing characteristics of the
edge-curve angle, selected by a designer, 1/18 is recom-
mended.

7. SCOOP ANGLE OF TIP SIDELONG PORTION, Bl

The sidelong portion is designed so as to have no pressing phenome-
non of its outside surface to the soil.
B, in Fig. 6 is "Scoop Angle",
hai%aku in Japanese. This is the
angle between radius direction
and the outside surface of the
tip sidelong portion.

B, =B -y
where B = the angle between radius
direction and the tangential
line of the locus curve, . . : 2L
Fig. 6
3ov H( 2r-H)
B = cos T——

, 2 2
r J (30v) -60nrv(r-H)+(rnmw)
¥ = relief angle. ( refer to Fig. 6 )

Y controls the turning and throwing back effects of the blade to
soil clods. Bigger relief angle means smaller angle of Bl, and
produces stronger turning and throwing back effects.

Actual scoop angle Bl for Asian farmings is;

80o to 750— -~ hard soil condition
75o to 650» - common soil condition } in the case of
65" to 50 - - soft soil condition single-edged blade.
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The rotary blade of wide range use is designed to be 75° to 800 of
B; at the lower part of its sidelong portion, and about 60° of B, at
the higher part of the sidelong portion.

The actual measurement of g1 for a given rotary blade will give a
hint on the soil condition suitable to the rotary blade.

8. SECTIONAL SHAPE OF STRAIGHT KNIFE PORTION

The sectional shape of straight knife portion of common blades made
in Japan is a double-edged knife of wedge type. When the double-edged
knife cut vertically into the soil, the knife edge compresses the soil
of untilled side, producing big tillage resistance.

A single-edged knife of equal thickness section or slightly reverse
wedge type section produces smaller tillage resistance than that 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
tillage.On all occasions ploughing gave the highest
yteld, and minimum tillage the lowest. Rotavating was
pesttioned iy 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-
verly distributed rainfall of 2500 mm a year. On the
coastal clay solls rice is the most important crop
while on the inland soils dry annual crops are grown
in a "shifting cultivation'" system. The coastal clay
solls are less suited for growing dry 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; Watters). A mixture of diffe-
rent crops 1s grown On small plots which are used
only for a short period. Therefore a relatively large
area 1is required for a small quantity of products.
When more advanced techniques like e.g. the use of
fertilizers, pesticides, and more effective. 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 onan inland
sandy loam soil with the aim to investigate:
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1. the possibilities of continuously growing annual
crops on sandy loam soils, under the prevailing con-
ditions.

2. tillage systems for the crops involved.

3. the response of crops, weeds and soil to these sy-
stems.

In Surinam, like in other developing countries, there
is a shortage of crops like maize, sorghum, soybeans,
cowpea and peanut. These crops were therefore included in
the experiment.

Methodes and materials

Before the experiment could start, the land had to be
cleared from forest. The trees were pushed down by a
tree pusher mounted on a caterpillar dozer. After some
drying the trees were pushed together and burned. The
rests were moved to the sides of the field. To promote
decomposition of rests of wood and of stumps in the soil
a cover and green manure crop kudze (Pueraria phaseo-
loides (Roxb.) Benth.) was sown. After about two years
this crop was mown with a slasher and ploughed into the
soil with a disc plough. After ploughing rests of hard
wood were removed, a seedbed was prepared hy a disc
harrow and the first crop was sown. To level the surface
and to have an opportunity to dig out rests of wood and
stumps and to get an idea of the quality of the field
this treatment was repeated three times with the crops
maize, cowpea and sorghum successively. After this year
the experiment was set up in his definite form.

Three quite different tillage systems have been studied:

1. Intensive tillage with a rotavator to a depth of
15 em, which produces a fine and smooth seedbed in g
single pass. The weeds are thoroughly mixed in the
soil.

2. Normal tillage with a 3 disc plough to a depth of
20 cm, followed by one passage of a roterra powered
harrow, which produces a fine sesdbed. With this
system most of the weeds are burieéd:

3. Minimum tillage with a rotavator to a depth of 5 cm
which produces a fine seedbed. A1l the organic ma-
terial from the previous crop and the weeds is mixed
in this thin layer.

On this sxperimental field crops can be grown the
whole year round (almost constant daylength and tempera-
ture, rather evenly distributed rainfall and enough
workable days for tillage, crop production and harves-
ting) so that immediately after a crop had been har-
vested the stubbles of the previous crop were slashed
if necessary and tillage was carried out. The same
tillage system was used for all crops.

The crops were rotated: after a cereal a legume crop
followed and after a legume a cereal. The whole field,
an area of 1.08 ha, was sown to one crop at one time.
The first two crops were sown with a pneumatic spacing
drill immediately after tillage, but to get a chance
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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 handhoeing
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
tgo or three times. The quantities of fertilize?®
applied are listed in Table 1.

Harvesting the crops proved to be rather difficult
because handharvesting took too much time; when the
crop 1s ripe, it should be harvested within a few
days, especially when the weather conditions are

wet sbecause 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 P205 KQO Ca Period of growth
cowpea 60 60 60 17/1 - 29/3 /74
maize 72 60 180 700 3/4 - 3/8 /74
peanut 20 70 70 24/8 - 30/11 /74
sorghum 97 52 84 30/12- 11/4% /75
séybeans . 20 60 60 14/5 - 4/9 /75
maize 100 80 85 1100 10/9 - 15/1 /75

The soill of the experimental field was a sandy
loam. The subsoil was heavier than the topsoil(Table 2)
This soil had a good physical 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. f@ranular compositon
% w/w
depth (cm) < 2u 2-53 53-200A/ W > 2000w
5-10 19.8 3.2 77.0 3.7
30-35 32.3 2.4 65.3 4.6
80-85 30.4 3.3 66.3 5.5
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Measurements

0f every crop the yield per plot was determined.
Moreover some measurements on crop development were
made ,as plant density after emergence and at harvest
time, 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, retavating: 101 and
minimum tillage: 89.

Table 3. Crop yield(kg/ha; 12% moisture w.b.) and til-
lage systems.

crop rotavating ploughing minimum tillage average S.E.
cowpea 736 836 596 722 130
maize 2728 2978 2414 2707 309
peanut 1901 1947 1675 1841 222
sorghum 2734 3032 2513 2760 326
SOyBEanS 1465 1517 1155 1379 210
malze 2537 2900 2439 2623 225

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)

rotavating ploughing minimum tillage

Depth (cm) 10~-15 20-25 10-15 20-25 10-15 20-25
Pore space% v/v 48.5 Lg,6 47,5 48,0 us8.1l nLg.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 18.2 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
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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-
vating generally had .An intermediate positon. The effect
of one application of gramoxone 1s 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 (%) 1= before
weeding and 2 = 12 days after weeding.

rotavating - ploughing minimum tillage
1 2 1 2 1 2

75 186 69 17 79 29

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

durin§ the period under dinvestigation had to be regardec.
: 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 1t that there are clear fluctuations.Fig. 1-4.
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ABSTRACT

In South Australia, cereals are sown in late
autumn (May-June) while the scil is still wetting up,
and mature in early summer (November-December) . Water
is often limiting during grain filling sc¢ an important
requirement of tillage programmes is tc 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:

Te 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.

3e Soil fertility is only moderate, with the top
Tebcm of the best soils having a toval nitrogen
content of 0,14 to 018 percent,

4o Some of the soils, particularly sands and sandy
loams, are liable to either wind or water erosiocn.
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5. Cereals are sown in late autumn (May—June) after
sufficient rain has been received 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 towhen sowing can begin,

6. Rainfall in the growing season is below optimum
(usually less than 400mm) and there is a high
probability of drought.

7o Soils continue to wet up from sowing to the end of
the winter rains (August). In spring, rainfall
diminishes and air temperature rises so that water
stress is common from anthesis onwards. Crops
mature in early summer (November-December).

8. Cereals are grown in a rotation in which years of
crop alternate with one or more years of annual
legume 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 considered in relation to
the whole rotation.

9. Farm labour supply is diminishing and is costly when
available.

Reguirements of Tillage Programmes

It is within this pattern of interacting variables
that our tillage programmes must prove 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 Length 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 scil nitrate
nitrogen, These findings encouraged the use of fallow
on all soils, However fallow, together with narrow
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rotations without productive pasture, led to widespread
erosion and by 1940 yields were declining in many of
the cereal districts (Cornish 1949),

After 1945 the increased use of legume pastures
improved soil fertility and many farmers doubted that
fallow was needed to give high yields, To test this,
French (1966) compared fallow and "short fallow" (in
which the soil is first broken up after rain at the end
of summer) at five sites in South Australia over five

seasons (1957=1961),

Fallow increased wheat yield by 355 kg ha—1, or
34%, over that from short fallow, This increase was
obtained at the cost of two additional cultivations and
seven months loss of grazing. The individual responses,
which varied from -200 to 875 kg ha~l, were related to
variations in the additional water and nitrate nitrogen
accumulated in the fallow,.

Overall, 59% of the yield response to fallow could
be ascribed to variation in additional water at sowing,
The additional nitrate present in fallow did not increase
yields in dry years but in years with favourable growing
seasons, the additional nitrate accounted for 33% of the
yield responses

From his work, French (1966) prepared a fallow
guide to indicate areas in South Australia where fallow
should be adopted for wheat. This is shown in table 1,
Later studies (Schultz 1971, Schultz 1972, Grierson 1975)
have confirmed this fallow guide.,

Table 1

Fallow Guide

Previous legume Implication Action required
history
Poor growth Likely shortage 1. Fallow¥*
of nitrogen oT

2, Add nitrogen
fertilizer

Good growth Likely shortage Fallow¥*only if:
of moisture Te So0oi1il is fine
textured with more
than 20% clay in
subsoil (15-30cm).

2e July-August rains
in previous
winter exceed
100mm,

3o Annual rainfall
is less than 460mm.
*¥Begin fallowing before pastures flower.
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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
programmes, 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 cultivator, (d) duckfoot
cultivator, (e) tandem disc harrows. There was very
little effect of implement on yield in an annual
tillage programme,

3. S01l surface treatments

In experiments in 1966/67 and 1967/68, Schultz
(1972) applied a range of surface treatments to a
typical wheat growing soil. The treatments, which
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 soil 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 and the subsequent grain yields, are
given in table 2,

The water storage efficierncies 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 contents indicate that mineraliza-
tion of organic matter was more effective under those
treatments which retained most moisture,

4, Minimum tillage

A minimum tillage bechnique known as "sprayseed"
has beer: used in southern Australia in recent years.
The area to be sown is grazed heavily and 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,
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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 talble 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 treatments suffered from haydie (Gaeumannomyces
graminis), In 1675, on the 1974 site, several treatments
were affected by havdie 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 confirms numerous
other observations that a period of fallow in a rotation
reduces the incidence of weeds and disease,

Table 3

Grain yields obtained from five different tillage pro-
grammes for wheat in 1974 and 1975.

Grain yield t ha~!

Treatment 1974 1975 1975
(1974 site) (new site)

Fallow 3,09 3,247 3.80

Short fallow (R)* 1,72% 2,180 3,52

Short fallow (T)¥ 3,01 3,08 3,32
Sprayseed (R) 1.530 2.97 2,318
Sprayseed (T) 1.,95° 2,270 2,298

*¥(R) = rotary implement for tillage and sowing
(T) — tyned ] 1 1 1 n

T Short fallow (T) on previous fallow plots
X Affected by weeds
O Affected by haydie

Affected by cereal curculio

5 Erosion damage

Excessive cultivation 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 scme 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,
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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 crope

6o Time of sowing

Highest wheat yields are normally obtained by
sowing before the second week in June. Yields decrease
by 20-40 kg ha=1 for each day's delay in sowing after
mid-June, because anthesis occurs later in spring as
wvater stress develops. Hence, farmers are often
prepared to sow on time, even when weather conditions
have not allowed preparation of a normal seedbed.

Te Depth of tillage

Experience has shown that there is no advantage
in tilling the soil deeper than 7.5cm, 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 depthe In many situations in South Australiea,
deeper tillage would bring stones or clay to the surface.

Conclusions

The condition of the seedbed has usually been
regarded as very important for obtaining high yields,
Howvever, except for gross defects in the seedbed (e.g-
surface crusting or erosion) good results can be
obtained in South 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 technigues to
obtain maximum yields on small areas.

20 Reduced-tillage technigues, provided that any loss
in yield due to weeds, diseases, pests, lack of
soil water or lack of scil nitrogen does not
absorb the saving in coste
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ABSTRACT

Soil water changes measured by l-cm increments to the 15-cm
depth in all-tillage, reduced-tillage, and no-tillage fallow treat-
ments 1, 12, 19, and 34 days after a 1.35-cm rain are presented
and discussed. So0il in the all-tillage treatment dried faster and
to a deeper depth than the other two treatments. The no-tillage
treatment dried the slowest and to the shallowest depth. Sufficient
water to germinate and support initial growth was found at the 1l4-,
12~-, and 7-cm depth for the all-, reduced-, and no-tillage treat-
ments, respectively.

Winter wheat (Triticum aestivum L.) is a welli-adapted and
extensively planted crop on dryland in the semiarid Central Great
Plains. Stable economical wheat production in this area depends on
stored soil water, because precipitation amounts and frequencies
vary widely. A winter wheat-fallow rotation is commonly practiced
to ensure sufficient water storage (5, 6). During the lé4~month
fallow period, all vegetative growth is generally controlled by
tillage.

The development of new and more reliable herbicides since the
mid-1960's has generated considerable interest in replacing some or
all of the fallow tillage operations necessary for weed control
with herbicides (reduced- and no-tillage fallow, respectively).
Reduced- and no-tillage fallow systems have significantly increased
total fallow period soil water storage (4, 7, 8). Extended dry
periods just before seeding the winter wheat crop are common in the
semiarid Central Great Plains. Therefore, of major importance is
the influence of fallow cultural system on soil water content at the
planting depth to insure good germination and initial seedling
establishment.

METHODS AND MATERIALS

This study was conducted on the U. §. 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 rainfall from April through October. The
soil of the experimental area is Weld silt loam which dis an Aridic
Paleustoll. At field capacity the soil holds 0.33 cm of water per
cm of soil.

l/ Contribution from Agricultural Research Service, USDA.
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Weed control treatments were replicated 3 times in fallow plots
11 m wide by 30 m long and were (a) subsurface mechanical tillage as
needed throughout the l4-month fallow period (all~tillage treatment),
(b) residual plus contact herbicides applied only at the start of
fallow with subsequent mechanical tillage as needed (2 operations) when
the residual herbicide no longer satisfactorily controlled weeds
(beginning about the middle of the 12th month after initial herbicide
application) (reduced-tillage treatment), and (c¢) residual plus contact
herbicides applied at start of fallow with subsequent contact herbi-
cide applications as needed (2 applications) when the residual herbi-
cide no longer satisfactorily controlled weeds (no-tillage treatment).
The residual herbicide used was 2, Chloro-4-ethylamino-6-isopropylamino-
s-triazine (Atrazine) at 1.12 kg/ha active ingredient (a.i.). The con-
tact herbicide used was 1,1'-Dimethyl-4,4'-bipyridylium ion as dich-
loride salt (Paraquat CL) at 0.28 kg/ha a.i.

Soil water was determined gravimetrically in l-cm increments to
a 15-cm depth to encompass the normal 7- to 13-cm seeding depth. Four
sites were randomly selected in each treatment in each replication at
each sampling. Samples were taken the first day after a rainfall of
1.25 cm or greater, then at 3- or 4-day intervals until the next rain-
fall. The data reported here were collected during a 34-day period
following a rainfall of 1.35-cm. No rain fell during these 34 days,
and data collection was stopped by wheat seeding. The soil in the all-
and reduced-tillage treatments had been tilled to the 10-cm depth 8
days before the rain and remained weed free during the 34 days without
additional tillage. Soil water distribution in the 15-cm soil depth
19 days after the rain was comparable to the water distribution omne
day before the rain.

RESULTS AND DISCUSSION

Days 1, 12, 19, and 34 after the rain were selected to show the
initial and major soil water changes between samplings. Omitted samp-
lings fit uniformly between those shown. Between 1 and 12 days after
the rain, soil water decreased drastically in the top 3 cm of soil
(Fig. 1A, B, C). The decrease was greatest for the all-tillage treat-
ment. Some of the water lost from the top 3 cm of soil undoubtedly was
redistributed because soil below the 9-cm depth showed an increase for
all treatments. However the largest loss was due to surface evaporation
during first-stage drying. Environmental evaporation potential was
high during this time and water in this depth was available for flow to
the soil surface. Soil water loss between 3 and 9 cm was greater than
the increase between 9 and 15 cm for each of treatment. Evidently
some water moved into the soil below the 15-cm sampling depth.

Between the 12th and 19th days, the soil dried to a depth of 4 cm
in the all-tillage treatment, but to only 3 cm in the reduced~ and no-
tillage treatments (Fig. 1A, B, C). The all- and reduced-tillage treat-
ments lost some water throughout the 15-cm sampling depth, whereas the
no-tillage treatment had no change in water content below the 6-cm
depth. Water loss below the 4-~cm depth in the all~ and reduced-tillage
treatments loss decreased because more of the water had to move to the
soil surface as vapor.

By the 34th day after the rain, the top 2 cm of soil of all treat-
ments had the same soil water content (Fig. 1A, B, C). Below this
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depth, however, the treatments differed strikingly. The all-tillage
treatment was dry to a depth of 11 cm, which was the depth of the
deepest tillage operation performed during the fallow period. The re-
duced~tillage treatment was dry to 7 cm and the no-tillage treatment
was dry to only 4 cm.

The length of time after the rain that the soil water content
was 0.14 cm/cm or greater (the water content needed for seed germina-
tion and initial growth) in the 15-cm soil depth is presented in Fig. 2.
On the 9th day after the rain the water content of the top centimeter
of soil in the all- and reduced-tillage treatments dried to a water
content of 0.14 cm/cm. With the no-tillage treatment 12 days were
required to dry the top centimeter of soil to a water content of 0.14
cm/cm. The rate of drying in the all-tillage treatment was almost
linear from the surface to a depth of 13 cm between the 9th and 26th
days. With reduced- and no-tillage treatments the increase in depth
of drying was slow until the 26th and 30th days, respectively, when
a trend toward rapid drying to deeper depths was noted.

The data in Figure 2 clearly show that with the all-tillage treat-
ment, wheat would have had to be seeded at the 7-cm depth during the
first 22 days after the rain. However with the no-tillage treatment,
it could have been seeded at the 7-cm depth during 34 days after the
rain. At the time of seeding on the 34th day after the rain, the 14-,
12-, and 7-cm soil depths contained sufficient water to germinate wheat
and support initial growth for the all-, reduced-, and no-tillage treat-
ments, respectively. All treatments were in third-stage drying at this
time and all water moved to the soil surface as vapor. The depth of
vapor movement would have been 11, 7, and 4 cm for the all-, reduced-,
and no-tillage treatments, respectively. Obviously, tilling the soil
created conditions that favored drying deeper than where no-tillage
was performed.

During the 34 days following the rain, measured water loss from
the 15-ecm sampling depth was 2.79, 2.34, and 1.85 cm for the all-,
reduced-, and no-tillage treatments, respectively. Water loss during
the 34 days was 347 less from the no-tillage treatment than from the
all-tillage treatment. Water evaporation from a U. S. Weather Bureau
Class "A" pan during this 34 day period was 34.99-cm.

Small amounts of residue on the soil surface will effectively
decrease evaporation during the first-stage drying (1, 2, 3) but large
quantities of residue are required to save significant amounts of soil
water for any extended time. At the time this 34~day drying cycle
occurred surface residue had been reduced to approximately 1200 kg/ha
on the all-tillage treatment, 2200 kg/ha on the reduced-tillage treat-
ment while 3700 kg/ha was present on the no-tillage treatment. Where
tillage had been performed the residue was all flat on the soil surface:
on the no-tillage treatment, 50% was still standing. Thus, with no-
tillage, sufficient residue may have been present, both flat and stand-
ing on the soil surface to effectively decrease turbulent transfer of
water vapor to the atmosphere, thereby effectively decreasing depth of
so0il drying for a longer time.
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CONCLUSIONS

Following extended periods without rainfall during fallow, the

elimination or reduction of tillage will result in a higher soil water
content nearer the soil surface than where only tillage is used. With
the higher soil water content nearer the soil surface, the depth at
which seeding must be performed to insure good germination and initial
growth can be reduced.
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EFFECT OF VARIOUS IMPLEMENTS FOR LAND BEDDING ON PHYSICAL
PROPERTIES OF THE SOIL AND YIELD OF CORN GROW OW CHERNOZE!H
By Doc.dr BoriSa Spasojevi¢,Prof.dr Zivojin Markovic,
Prof.dr Petar Urezgi¢, UDoc.dr Vojin Uobrenov

Faculty of Agriculture, University of Novi Sad,Yugoslavia

AESTRACT

In 1567=~1970 on chernozem soil tyre a Ffield eape-
riment with maize was carried out with tuvo ploug-
ning depths (15=20 anc 30-35 cm) and & methnods of
pre~-planting preparation (discing, one rolling,
two rollings, Rau=comby and Fulvi-mulchrer).,

On the basis of four-year invectigations the fol-
lowing conclusions have Leen reached: the optimum
physical soil properties and the best conditiones
For maize growing could De cobtained by using that
pre-planting implement [or tne pre~planting prepa—
ration which provides those [factors. Rau-comlbly kri-
nler was the Tmplement wnichn provided the highest
number of harwested plants and the highest uyileld

of maize grain per ha Thn our examinations,

IR TRODUCTTIO

Pt

The physical properties of the soil, primarily its

compaction expressea through its volume weight, bear great

in

fluence on tne soil productivity {(Revut, 1971), arowth,

development ana plant yield. Ploughing depths, different

implements of preplanting preparation, time and methods of

th

ese implemnents used affect differently on soil physical

properties., hence, those pre-planting implenents have tc

b

L

cnosen for pre-planting whicn accomplishe the highest

number of elements for top quality pre-planting propara-

ti

cn.,

On basis of the results of Stranan (1060,1967,1570)

frow model experiments a positive reaction of certain co-

reals was found on a stronger soil compaction especially

U1

o £
(S

1.i'u'
fi

planting Tayer depending on soil type,

The ain of our investigations was to exawin Lie
fect of two plougning deptns anu variocus pre-planting
nlements on the soil compaction and maize yic¢ld under
eld conditions,
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CLIMATIC CONDITIONS

1967 was one of the best year for maize growing
with respect to the temperature and moisture. During the
vegetation period, from IV to IX month, it was 463 mm ra-
infall with plenty of winter moisture suppiy (90 mm) and
abundant rainfall in June (140 mm) and July (169 mm).

1968 was one of the poorest year for maize growing.
buring the vegetation period it was only 290 mm rainfall
which together with winter moisture supply 64 mm amounted
to 357 mm, and the potential evapotranspiration to 499 mm.
Consequentiy the moisture dificiency was 142 mm,.

1969 was middling for maize production. During the
vegetation period there was 332 mm rainfall which amounted
to 385 with the winter moisture supply of 53 mm. Potential
evapotranspiration was 475 mm. Hence the moisture deffici-
ency was 90 mm. However, this defficiency appeared mostly
in time when the moisture maize need was reduced hence the
reduce of maize yield was not greatly affected.

In 1970 the soil was supplied with sufficiant mois-
ture during the whole vegetation period. Hence the soil la-
yer of 0-80 cm depth had over 20 moisture weight percentage.
during intensive growing and tasseling until the midd]e of
July. . |

The maize yields in experimental period depended on
climatic conditions, agrotechnical measures and number of
productive piants per area unit.

M ETHODS

The field experiment was carried out on the cherno-
zem soil type of good physical, chemical and biological pro-
perties in wheat-maize rotation.

The following variants were examined: I - Ploughing
depths: a) 15-20 cm and b) 30-32 Em; Il - Pre-planting pre-
paration: a) discing + harrowing; b) discing + one roiling
with 1000 kg weighty c¢) discing + two rollings with 2000 kg
weighty d) Rau-comby; e) Pulvi-mulcher (Kongskijde). Compac-
tion of planting layer was performed before planting. Ferti-

1izing was carried out with 102 kg/ha N, 64 kg P,0. and 52

275

Kg/ha KZO in standard system.
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The planting was performed with sowing machine
YU-SKPO=-4 (6.V.1967, 24.1V.1968, 28.IV.1969 and 7.V.1970).

During pre-planting preparation the soil moisture
of planting layer was near the field water capacity as fol-
lows: 1967. 26%, 1968. 19%, 1969, 23%, and 1976. 25% weight
percentage. The soil samples were taken with 100 cm3 metal
cylinders per each 10 cm depth in 5 replicants.

The size of experimental-plot was 322 m2. Single
cross hybrid NSSC-70 seed was used for planting.

RESEARCH RESULTS AND DISCUSSION

Data of volume weight per soil Tayers and maize
grain yield per year examined are presented on table 1.The
data indicate that the 'volume weight was increased by the
increase depth of ploughing and it was very different with
different pre-planting implements.

The optimum soil volume weight on the carbonate
soil for maize amounted to 1,2-1,3 gr/cm3 (Atamanjuk,1971.
Sevljagin, 1968, Grinko 1968). The same authors found that
the yield was increased by the compaction increase of 0,96-
S 1,2-1,3 gr/cm3, however the values below and under these
factors had a negative affect on the water- air requirement
of the soil and the height of yield obtained. |

According to our investigations the compaction va-
riant (Rau-combi) by which the highest yield was obtained,
was in limits 1,16-1,36 gr/cm3; however, the other pre-plan-
ting implements had Tower or higher compaction and as a
result in both cases the yield results were lower,

A special low yield was noticed with "two rollings"
as there was a high volume weight (from 1,31-1,47), in the
layer 0-10 cm which hindered germination and the number of
seedlings.

Disc-harrow used as a preplanting implement has
not proved adequate as in lTayer 0-10 cm it left the soil
very loose (1,06-1,14 gr/cms), which had a bad effect on
the yield in 1969.

The data indicate that there were no such regula-
rity under field conditions as in model experiments obta-
ined by Kovacev - 1972, Tretjakov - 1974, Vasiljev - 1965
and Revut - 1962,
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Table 2., shows the data of grain yield and number
of harvested Maize cob depending on ploughing depth and
pre-planting implements.

The data indicate that very different yields were
obtained per year depending on the climatic conditions and
number of well developed plants and less on the soil com-
paction.

In 1967, 1968 and 1970 there were no significant
differences in yields obtained between ploughing depths.
However, there were significant differences between pre-
planting implements each year. Thus in 1967 the highest
yield with disc-harrow was obtained with 99% probability.
In 1968 the highest yield was obtained with Rau-combi
whereas discing and one rolling proved significantly
poorér performance.

In 1969 the highest yield was obtained with Rau-
combi (91 g/ha) and the greatest number of Maize cob har-
vested (35 500 plants/ha). The Towest yield (75 q/ha) and
smallest number of Maize cob harvested (28 300/ha) was
obtained with two rollings. That is fully understandable
as with that variant in all Tayers and both depths the
soil compaction was the highest ranging from 1,32-1,40
gr/cm3. Consequently a great number of seeds was left on
the soil surface, but even for the seeds planted there
were no favorable conditions for germination because of
lTess pore volume and air, unfavorable conditions for ger-
mination, shooting, growth and yield delay.

In 1970 the highest yields were obtained because
of optimum moisture throughout the whole vegetative period
and the greatest number of harvested plants. In this year
too the highest yields were obtained (119,7 g/ha) and the
greatest number of Maize cob harvested (44,600) by using
the pre-planting implement Rau-combi, whereas the Towest
yield (102,2 gq/ha) and the smallest number of plants
(36,800) were obtained with two rollings, The differences
were proved by over 99% probability.

CONCLUSTION

On the basis of the four year examination on cherno-
zem soil the following conclusion has been reached:
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Tas.,

2. Effect of ploughing depth, method of pre-planting

areparation on Yield of Corn grain (g/ha) and
nurmber of Corn cob/ha NSSC-70

Ploug- Pre- Years
hing pla-
depth  ting 1967. 1363. 1969. 1970.
(cm) 1" —7Ra {00y a/ha (000} &/Ra (000) G/Ra (000)
(A) . v ap Plan- ¢ Plan- Plan- ¢ Plan-
?E?t KAD yo/ha P ys/ha X A8 to/ma X AB yo/na
" 91 - - - 83 32 114 42 -
1V 85 - - - 90 3¢ 109 #
15-20 2V 81 - - - 73 27 97 36
RC - - - - 05 37 118 44
S - - - - 91 34 112 43
XA 86 - - - 86 33 110 41
™ 90 - 86 37 88 35 113 43
1y 81 - 64 35 86 32 104 33
30-37 2 75 - 89 37 77 30 107 37
RC - - 75 38 8 35 121 45
5S - - 72 38 77 30 115 43
X A 83 - 69 37 83 32 112 41
T+ 91 - - - 85 33 113 42
1V 84 - - - 88 33 106 40
X B 2V 78 - - - 75 28 - 102 37
RC - - - - 91 36 120 45
sS - - - - 84 32 113 43
5 1% 5% 1% 5% 1% 5% 1%
LSG A4 6 - - 7 7 5 5
b5 7 6 9 1M 12 7 8
s g 10 - - 15 17 10 19
T+ = Disc-harrow
1TV =1rolling
2V =2 rolling
RC = Rau-combi
SS = Pulyi mulcher
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For pre-planting soil preparation for maize those
pre-planting implements should be used which provide the
optima physical soil properties and offer conditions for
optima planting depth, shooting and growth of the greatest
number of germinative seeds planted. Rau-combi krimpler
was the implement used in our examinations which provided

all those elements,.
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Evaluation of physical properties of cultivated layers for
the comparison of different tillage treatments

G. Spoor, R.J, Godwin and J, C, Taylor
National College of Agricultural Engineering, Silsoe,
Bedford, England

Abstract

The paper outlines a technique, based on the use
of large (350 mm diameter) undisturbed soil samples,
for determining 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
is discussed,

Introduction

In the United Kingdom, significant yield increases
may be gained from the timely sowing of most crops.
Due, however, to the unfavourable moisture status and
strength of the soil, spring sowing frequently takes place
after the optimum date. Investigations are proceeding
at the National College to determine the effect of different
autumn tillage treatments on the workability and
trafficability of the soil in the following spring; a wide
range of tilths are being considered.,

The sooner a cultivated soil approaches a moisture
content close to the plastic limit after rain, the earlier seed-
bed preparations can begin, The time 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 management objectives should be aimed
at minimising field capacity and maximising the
evaporation rate., These aims will also increase soil
strength in a given profile. The main physical parameters
required to evaluate differences between tillage treatments
in this context are soil density, volumetric moisture
content, moisture content/suction relationship, profile
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drying rate, and the soil strength/suction/density relationship.
This paper describes a technique which is being used to determine
these parameters and it includes both field and laboratory
measurements,

Moisture status and soil strength evaluation

The size of sample required to ensure representative
sampling is large when very coarse tilths (clod size up to
150 mm diameter) are considered. 'In situ' measuring
techniques for moisture content, suction and density should
offer advantages, but there are significant calibration
problems and difficulties in accurately monitoring the
conditions close to the surface, The results obtained from
field plots are dependent upon the weather patterns in that -
particular season, The weather, unfortunately, does not
always provide the range of conditions required. To'over-
come many of these problems and to make optimum use of the
available labour, a technique has been developed where
350 mm diameter, 250 mm deep undisturbed samples are
collected from the field plots.

Sampling technique

The sampling tube (PVC Class B pipe) fitted with a
cutting ring is jacked into the sample area. The reaction
being taken by a cross beam held by two ground anchors,
fig. 1. The sample is carefully excavated, inverted to remove
the cutting ring and a base plate inserted. During inversion
the irregular soil surface of the sample is supported and
protected with soft packing cloth, Sampling is relatively
simple on cultivated plots, but problems can arise in hard,
dry compact conditions, On hard plots, a combined
hammering and jacking action, together with soil excavation
around the cutting ring assists 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 are
determined for increménts of soil depth by cutting the soil off
in layers and using a thermo-gravimetric technique. By
field sampling at the appropriate time interval after rain,
the field capacity moisture content and density can be
determined. Surface elevation and roughness measurements
are made in the field using a relief meter (Kuipers 1957),
allowing overall density changes with time to be monitored
over a larger area,
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Fig, 1
Sampling
Equipment

Fig, 2
Large sample
on sand table

Suction/moisture content relationship

A measure of the soil moisture content/suction
relationship can be obtained by placing the large samples
on a sand table capable of operating up to suctions of
1l m, fig. 2, Using this technique, the sample can be
brought to any equilibrium suction between saturation
and 1 m (Haarst and Stakman 1965)., This simulates 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
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released provides a useful measure of the volume of large
readily drained structural pores at 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,

Moistuze suction Volumetric Moisture Content
measured from of top .20 m %o
surface Very coarse Very fine Undisturbed
m tilth tilth plot
0.25 37.17 42, 2 41,1
0. 45 35. 4 37.6 39. 4
0. 65 33.9 35.7 38. 4
0. 85 33.1 34.1 37.2

Table 1. FEquilibrium moisture content of
different tilths at 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, is needed with the high density
undisturbed samples to ensure there are no large volume gaps
at the sides.

Moisture/strength 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 at a range of moisture
suctions using the large samples on the sand table., Problems
arise with the coarse tilths, where the gize of the clod either
approaches or is greater than the size of the measuring device,
e, g. shear vane, penetrometer or bevameter, Although a
plate/sinkage test will give some estimate with a coarse tilth
sample, field measurements are preferred.

Profile drying characteristic

Work is proceeding on the measurement of water
diffusivity of the profiles at different volumetric moisture
contents, to estimate drying rates after field capacity has
been reached. The sand tables are used to bring the large
samples to the required equilibrium moisture suction before
the test,
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Thermal properties

The thermal properties of the tilths are measured at
the different equilibrium moisture suction values during the
drawdown process on the sand tables, Three sets of five
thermocouples are inserted through the sides of the well
lagged sample tube at the appropriate depths and the
thermal diffusivity estimated using the method of
van Wijk, (Wijk 1963).

Tilth definition

(e of the most useful ways of defining a tilth for
scientific purposes is to define it in terms of its porosity
and pore size distribution and its physical properties.
However, this definition is of little value to the farmer
who has to produce a specific tilth in the field. Tilths
are frequently defined in terms of clod size distribution,
the distribution being determined using sieving
techniques. Sieving tends to be timme consuming and
difficult, particularly under wet conditions and the results
are sometimes very variable. To overcome some of these
problems a photographic technique is being used where a
grid of standard dimensions is 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), or compared with a series 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 is directly applicable
to the soil surface, but can also be used for the assessment
of the vertical distribution of clods (Spruijt 1974). For the
vertical distribution, a sloping profile, approximately 25°
to the horizontal, is carefully prepared by hand with

minimum disturbance of the clods, to show a representative .

distribution of clods with depth. The sloping profile is 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 as those freshly cultivated.
The method becomes increasingly difficult to use as the
clods weather and settle.
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Clod Sieving Photo Analysis
fraction 1 2 average % | 1 2 average %
>1% in 20.1 24.5 22.3 22,1 20.5 21,3
12 - 2 in 19.9 18,7 19.3 17.1 15.0 16,1
2 . 3gin 15.8 18,8  17.3 14,1 15.2 14,7

<3/g in 44.2 38.0  41.1 46,7 49.3 47.9

Table 2 Clod size distribution in vertical
profile

Fig, 3

Soil surface
showing
grid
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AN INVESTIGATION INTO THE EFFECT OF SPEE) ON THE DRAUGHT REQUIREMENTS OF A CHISEL TINE
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Nationgl Institute of Agricultursl Engineering, Silsoe, Bedfordshire, Englend.

ABSTRACT

Messurements of the draught force pcting on s simple tine have been mede in s laboretory soil
bin snd in the field over s rsnge of speed (5 mms=1 - 5 ms~1) and soil moisture content (3-19%).
Existing theories in soil mechsnics adequetely predict the drsught force st very low speed but
further models need to be developed to explain both the chsnge in drsught with speed and the
dependance of the drsught/speed cherscteristic on soil properties.

INTRODUCTION

The design of cultivsetion implements in s systemstic menner is dependsnt on sdequete
knowledge of the behaviour of implements in various soils and operating conditions, The
mechsnics of plsne tools of simple shape hgs been developed for very low forward speed. The trend
in recent years hss been to incresde cultivetion speed. This hes highlighted the need for s soil
mechsnics to cope with the effect of speed sand also the shortsge of experimentsl observation of
speed effects on the performsnce of tillesge tools.

It hss been sccepted for msny yesrs thot the drsught force on mouldboard ploughs incresses in
proportion to the square of the forwsrd speed due to acceleration of the failed soil msss. Hence
Goryachkin(1l) snd Soehne(2) proposed a drsught/speed equation of the form:

D = Do + 0V2 (1)

where D is the drsught force, Do 'drsught force st zero speed', v forwerd speed, s constant.

The component Dy in the csse of chisel tines and wide cutting blades is the force that the
tine must exert on the so0il to just produce failure plsnes through the soil msss. It mey be
compsred with the parsllel situstion in civil engineering soil mechenics of retsining wslls snd of
the besring cepscity of footings. Reece(3) hss used this compsrison to propose an sdditive
equption to calculste Dy for wide cutting bledes involving two-dimensionel soil fgilure based on
Terzaghi% equation for besring cepscity(4). This essumes feilure surfsces of s log spirsl shape
end is composed of terms due to soil cohesion, density, surcherge and soil to implement adhesion.

A precticsl form of this equation hes been proposed by Hettisrstchi, Witney snd Reece(5) as:

D, = [(8-!2 Nx + czN_ o+ cast + quq) sin (€ + &) + e,z cotd]b (2)
where § is unit weight, z depth of cut, ¢ cohesion, cg adhesion, g surcharge pressure, & rake angle
‘of blade, g sngle of soil/metnl friction, b width of blsde. The N factors are numericsl qusntities
dependsnt on @, the sngle of internsl friction, o end & . The velues of N for a range of 4, o »nd g
were computed by Hettiaratchi et al and are reported in their paper.

Nerrow tines cpuse soil feilure plsnes to the front and to the sides of the tine (see Psyne (6))
snd the forces due to the side failures spre compsreble with those to the front. Reece's simplified
two-dimensionsl anslysis cennot therefore be spplied but Hettisrstchi and Reece{7) have proposed »
semi-empiricsl solution ss sn extension to the two-dimensional snelysis,

Comparison of messured draught force/speed characteristics with equation 1 hpve clearly
demonstrated that it is deficient (e.g., Wismer snd Luth{8)). In recent yesrs, the incresse of
dresught force with speed hes been sttributed to change of soil shesr strength with strain rste(9),
speed dependence of soil fsilure psttern(10), visco-elastic effects(11) and rate of propegation of
stress waves through soil(12).

Acceleration forces gre cleprly significsnt in the csse of mouldbosrd ploughs snd bulldozer
bledes which move s compsratively lerge msss of soil. However, their contribution to the incresase
of drsught with speed for tined implements is questionasble because of the small semount of soil
movement. Wismer pnd Luth(8) hsve shown thot draught incresses with the square of speed (Dzvz) for
» plene blsde in sir dry sand but that in s sstursted clsy drsught is proportional to v" where n is
less thsn 1. Although inertisl forces still contribute to the incresse of drsught, their curve for
clpy implies thst the dominsnt component is due to the chenge of shear strength with strain rate,.

The effects observed by Wismer end Luth mpy have been due to the different mechpnicel
properties cpused by the different textursl composition of clay end sand but, equslly, they mey have
been due to the different moisture levels in the two soils; sir dry ssnd and saturated clay. Indeed
88 rote effects sre, in psrt, relsted to movement of wster through the soil matrix, it is suggested
thst moisture level is the pertinent factor. If that is true, then it would be expected that the
shgpe of the drsught/speed charpcteristic in the experiments thet sre reported here would chenge with
80il moisture content.

The shepe of the dreught/speed characteristic is importent ss it pffects the incressed drsught
power requirement gt higher speeds. For s given implement, tractor snd field conditions, the shape
of the ehsrgcteristic will determine the optimum speed for cultivation. Pertinent to this is an
interesting phenomenon observed by Russian workers{e.g. 13) end reviewed by Hendrick snd Gill{14)
that st sufficiently high speceds the drsught force decrepses with speed. The effect occurs st speeds
sbove the rate of propsgation of stress waves through soil (of the order of 10-12 ms-l in unssturated
sgriculturgl soilsg.

The aims of the present investigetion were to messure the drsught force/speed characteristics
over p range of soil snd implement veriebles snd compsre the messured dreught forces at very low
speeds with those predicted by equetion 2. The nature and extent of soil disruption over a range
:ﬁ sgeeds wps plso investigated. Experiments were carried out both in » lsborastory soil bin snd in

e field.
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LABORATORY EXPERIMENTS

é soil bin, 3 m long, which hes been described previously(15), wes used for the lgborstory
expeylmenta. The tine support freme wes suspended by six dynsmometer linksges from an overhesd
cerrisge which wes propelled slong overhesd rails by s D.C. controlled electric motor vis 8 ceble
winch. The carrisge could be sccelersted to any desired speed in the rsnge 0.005-5.5 ms™" before
the Fine entered the soil bin. The signels from the six trsnsducers snd » signsl proportionsl to
carrigge speed were recorded on msgnetic tspe, The tsped signsls were lgter snslysed by a digitsl
computer to give three perpendiculsr forces snd three couples to define the force system gcting on

the tine. The forces quoted later in the peper sre the mesn velues from the computer snslysis
unless otherwise stated. :

A high speed cine cemers wes mounted on the carrisge to pbotogrsph the failure pstterns in
front of the tine st upto one freme per mm of forwsrd movement.

Simple flst plete cbisel tines of 40 mm width were used. The rske angles (to the forward
horizontsl) of the tines were 45°, 67° and 90°. As these nerrow tines ceused three-dimensionsl soil
feilure snd equation 2 spplies to two-dimensional failure, s wider blsde (465 mm wide) wss used for
8 few experiments.

A sendy cleylosmsoil wss used in the bin; its properties sre given in Teble 1, It wes
prepsred in the bin to the required density by s processing unit fitted to the overhesd csrriage,
conaisting of rotsry cultivetor blsdes snd vibrsting compsction rollers. The rollers'were losded
onto the soil surface by s hydrsulic rsm so thet the compsction pressure could be mpintsined
constant,

FIELD EXPERIMENTS

The seme tines were egsin supported in s frsme suspended by six dynemometer linksges from g
mobile rig which wes towed by s tractor. The working depth wss controlled by » depth wheel which
elso drove s tscho~generstor to give p speed signsl. The instrumentstion wes carried in » vehicle
following the rig snd joined to the rig trsnsducers by s treiling csble.

Messurements .were made in two experimental plots under verious conditions. The soil "in plot 1
was the ssme ps that used in the soil bin so thet direct compsrisons could be made between field snd
80il bin results. The plot was divided into. three sress so that measurements could be made under
three different conditions, viz. a) fallow, average moisture content 18.6% d.b., b) stubble,
svernge moisture content 3.3% and .c¢) fallow,psverage moisture content 14.8%. The sress used for
conditions s snd ¢ had remsined fallow for five years and were prepared by rotovating several months
prior to thbe experiments, As the ground did not settle sufficiently, it wescompacted by running a
track~lpying tractor over it two weeks before the experiments. 'The soil in plot 2 had s higher sand
content thsn plot 1 snd mepsurements were made under two conditions, viz. a) fallow, sverage moisture
content 11.8% d.b. snd b) stubble, aversge moisture content 11.1%. The properties of the soils are
shown in Tgble 1 snd the penetration resistance of » 30° cone is shown in Table 2.

DRAUGHT FORCE AT VERY LOW SPEED

In order to verify the use of equation 2 for two-dimensionsl soil failure, the wide blade wgs
pulled through tbe soil bin st s8peed of 5 mms™1 so thet soil fsilures very similsr to ststic
fpilures would be induced. The blade wes set st rake sngles of 45°, 67%nd 90° and the working
depth wss 50 mm., The mepsured drsught force is compered with the veslue calculpted from equation 2
in Teble 3. The drsught oscillsted ss the blede moved forwsrd, the mpximum velue in esch cycle
being cpused by the formstion of new shesr plenes in the soil. .

TABLE 3. Dreught force on wide blade (Newtons) TABLE 4. Draught force on narrow tines (Newtons) "

reke sngle 45° 67° 90° rpke angle 45° 67° 90°
mepsured mesn 1150 1590 1960 measured 1030 1240 1830
meX. 1490 2150 3020 nerrow tine model 6350 10520 12770
calculeted 1480 2490 4420 wide tine model 480 780 1400

The meximum messured drsught sgreed with the celculsted velue st o 45° rske engle but diverged -
o8 the pngle wes incressed.

The experiments were then repested using narrow (40 mm wide) tines to compsre the pred?ctions
of equation 2 snd of Hettisrptchi end Reece's(7) model for nsrrow cutting bledes. The working
depth wes 150 mm;the drsught forces sre listed in Teble 4. The draught force signel did not
oscillpte snd the meen velue is given in the Teble. i

The feilure cpused by the nerrow tines wgs three-dimensional, of the type gescribed by Peyne(86).
However, the velues cslculpted from the three~dimensionsl model were an order of megnitude grester thgn
the mepsured velues. The high velues were found to be due priwerily to the high v?lue of COhe?an'
(30.1 kPs) megsured in these particulsr experiments. The model wes clesrly defective for appllcatlon
to these experimentsl conditions. Vplues were then colculpted from equstion 2 (elthough this model
does not include the full fgilure zonme). The forces were, indeed, lower than the measured.values but
were of the right order. It wes decided, therefore, to use equstion 2 as the bgsis for Dy in
equstion 1.
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THE EFFECT OF SPEED ON DRAUGHT IN THE SOLL BIN

A series of experiments were undertaken in the soil bin to determine the draught/speed charscter—
istic for nsrrow tines st rake sngles of 45°, 67° gnd 30° st 150 mm working depth. The draught forces
sre plotted in Figs. 1, 2 and 3. Regression snslysis wss epplied to the results and the best fitting
curve wge found to be sn exponentisl of the form:-

D = A + Be ® (3)

whare A, B snd ¢ are constaats.

The full curve was fitted to the points with no restriction. The dsshed curve wps forced through the
zero—speed force, Do, cslculpted from equation 2 {using mepn velues of soil properties from sll
experiments)., The chsin curve shows how the soil inertial forces might be expected to incresse the
drpught with speed, The inertipl force wes cslculsted on the pssumption that two-dimensionsl feilure
blocks were crepted periodicelly in front of the tine et en sngle of (45—2) to the horizontgl. The
curve wps forced through the cglculsted vslue of Du' 2

At esch rgke pngle, the drpught force incressed with speed, the highest rste of increase occur-—
ring with o 45° tine. The rate of incresse decressed with incressing speed, in contrast to the
results of Wismer and Luth(8) for en eir—=dry ssnd but in sgreement with their results for o
spturpted clay.. The smpll difference between the free fitted curve snd thet forced through Do
substentispted the use of the two~dimensional fsilure model,

The verticsl forces scting on the tine sre shown in Fig.4. They increased with speed in a
similer mepnner to the drsught forces. The snelysis on which equation 2 wes based was used to

celculete the vertical forces st zero speed. They are msrked on Fig. 4.

FIELD EXPERIMENTS IN PLOT 1

The soil in plot 1 wes the ssme s thet used in the soil bin. For condition A the moisture
content wes slightly higher (18.6%) then in the soil bin (16.0%).

The forces exerted on tines of reke sngles 45°, 67° snd 90° (150 mm working depth) were recorded
over s speed rgnge of 0.28 =~ 2.0 ms™1 for two replicates. Curves of the form of equation 3 were
found to fit the results for the 45° snd 67° tines very well. The results for the 90° tine were too
scattered to fit s curve. As the curves for the 45° and 67° tines did not differ significsntly from
epch other, s common curve wps fitted through sll results (Fig.5.).

The verticsl forces sre plotted in Fig.6. Both dreught snd vertical forces were very similser in
form to the results from the soil bin. However, due to soil 1A belug more coupsct than the soil in the
bin, the draught increased at » slightly higher rate and the lovrces were higher (see Table 2).

Similsr drsught force mepsurements were made when the soil moisture content was 14.8% (condition
C). A grester speed renge of 0.7~4.4 ms™! wss covered. The dreught forces for 90° snd 45° tines sre
plotted in Fig. 7. The scetter wes such thet only streight lines could be fitted. The scatter
wes sgain grepter for the 90° tine where the regression line wss only significant st the 10% level.
The drsught/speed charscteristic wes very different to that for soil 1A with the rate of
incregse of drsught being smpller snd no evidence of the rate of dresught incresse decressing with
speed.

Due to the very dry summer in 1975, it was possible to conduct further measurements on plot 1 at
» moisture content of 3.3% (condition B). The soil would be described as ‘sir-dry' st this level.
Due to the very herd soil conditions, the messurements had to be made at 75 mm depth. The dreught/
speed cherpcteristics for 67° gnd 90° tines sre shown in Fig., 8. A streight line wss fitted to the
67° results but there wass too much scetter in the 90° results to fit a line. The increpse in drsught
with speed for the 67° tine wgs much smaller then for the previous results snd no incresse st all was
evident with the 90° tine.

FIELD EXPERIMENTS IN PLOT 2

Similpr mepsurements were mede in plot 2 using 45°, 67° and 90° tines st s depth of 150 wm. The
dreught forces sre plotted in Fig. 9 with the results for conditions A and B plotted on the seme
graph. There spppepred to be no consistent difference between the results for the fallow and stubble
conditions gnd it wes concluded thet the stubble had no significant effect on the results. Streight
regression lines were fitted to the results for the 67° snd 90° tines. The resulis for the 45° tine
showed p distinct curveture snd s perabolic curve was fitted.

THE EXTENT OF SOIL FAILURE

In order to quentify the pmount of soil disturbance by the tine, the shape of each furrow was
mepsured by s profilometer. The measured furrow shspes for a lerge number of soil bin and field
experiments were exemined end it wes found thset they approximated very closely to normpl distribution
curves, Normal curves were, therefore, fitted to each set of dats sad the furrow cross-sectional
eress were colculpted from the curves. The effect of speed on furrow shepe could then be examined.
The degree of scatter in the results was such that straight lines could be fitted in a few cases only.
Exemples for s tine of 90° rake sngle sre shown in Fig. 10. In the ceses where lines could be fitted
the pres increpgsed by 50% or less in the speed renge 0-5 ms-1,

CONCLUSION

The Hettisrstchi, Witney and Reece(5) two-dimensional model of soil failure hass been shown to
predict the drsught force on s narrow tine st very low speed with reasonable accurecy and cen there-
fore be used ps o basis for developing » speed dependant model of s0il failure. The experimentsl
reeglts heve shown that the chenge in drsught force with speed is very dependent on soil type and
condition.
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The chenge in drpught with speed is sttributabie to: 8) inertial forces, b) chenge in volume
of feiled soil end c¢) shesr rete dependence of cohesion, adhesion snd angle of friction.

In the cese of the dry soil (1B), even the smsll incresse of drsught of the 67° tine csnnot be wholly
explpined s due to inmertisl forces (see Fig.8). It is noteworthy that the furrow sres did not
increpse with speed for this soil. When however the moisture content of the soil wss incressed (soil
1C) the dreught force wps msrkedly dependsnt on speed. Inertiel forces #ccounted for only e smell
pert of the incresse. The furrow sres incregsed by less then 50% which would glso sccount for s
further psrt., Incressing 8oil shesr strength must therefore be the predominent cause of the incresse
in dresught.

When the soil moisture content wss higher still (soil 1A snd the soil bin) the drasught/speed
charpacteristic chenged in shape to the form ol a decaying exponential. Hence, the moisture content is
seen to play e vital role in the effect of speed on drgught. Whether the moisture content scte
directly via, spy, s lubricative effect on the tine/soil interface or indirectly vis, ssy, the soil
internal friction or cohesion must be the subject of further investigetion.

The textursl clessification of the soil slso sffected the shape of the draught/speed cherscter-
istic. The difference between the curves of Fig.9 (soil 2) snd Fig.5 (soil 1A) is very significsnt.

Results have been presented, covering s wide speed renge, which show thst s complex model will
hsve to be developed to embody sll the pertinent psrameters affecting the clange of draught [orce with
speed of simple tines.
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TABLE 1. Soil Properties

Soil bin 1A 1B 1ic 2A 23
mean 8.e. meén s,e, mesdn 8.e. mesl S.e. Hesn B.e€. megn s8.e-¢
Soil type sandy clsy loam sandy cley losm sandy clay loam
% clsy 22.8 22.8 19.9
% silt 21,4 21.4 5.1
% spnd 55.8 55.8 75.0
plestic limit % 20 20 -
ligquid limit % 26 26 -
moigture content 16.0 0.1 18.6 6.4 3.3 0.1  14.8 0.3 11.8 0.2 11.1 0.1
density, kgm ° 1775 10 1980 10 1700 30 1840 20 |1g00 17 1900 43
cohesion, kPs 26.6 1.2 33,4 1.3 34.7 1.3 27.6 1.5| 41.% 4.4 49.5 5.9
engle of internsl 39.6 1.8 43.9 1.5 50.8 1.9 37.1 1.6] 305.5 38.5 2.7
friction, deg.
sngle of soil-metel 24.3 . 28 24 - £0.3 1.3 39.2 0.7
friction, deg. . .

TABLE 2. Cone Penetrstion resistsnce in MPs

Soil bin 1A 18 1C 2A 2B
Depth, mm

0 0.42 1.02 0.25 0.11 0.06 0.04

75 0.71 1.09 2,75 0.92 0.85 1.95

150 0.71 1.02 - 1.32 2.01 2,45
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SUBSURFACE DRAINAGE, TILLAGE LAYER COMPACTABILITY AND COTTON RESPONSE
TO SEEDBED COMPACTION IN A CLAY SOIL

Reuven Steinhardt
Inst. of Soils and Water, Agricultural Research Organization,
Bet Dagan, Israel; Contribution no.155~E, 1976 series.

ABSTRACT

Subsurface drainage of the cotton seedbed in a semi-~humid climate
is assumed to reduce the resettling of the tilled soil during winter,
and its compaction during seedbed preparation in spring. The latter
assumption was tested in an irrigated-cotton experiment carried out
under 'wet spring" conditions, in a drained and in an wundrained block.
Soil compaction was found to.be a function of subsurface drainage and
of surface drying conditions; the theory of its dependence on soil
water suction was reconfirmed. Depth of the dry surface layer was
found to be an easy measurable parameter which may serve to charac-
terize soil drainage and compactability conditions. Cotton responded
to compaction beneath wheel tracks by a change in rate and character
of growth, similar to its response to plant stand. Subsurface drain-
age resulted therefore in earlier ripening of the cotton and a some-
what higher lint percentage.

INTRODUCTION

In the northern valleys of Israel the climate is semi-humid, with
450-650 mm winter rainfali. The main crop is cotton, planted during
the first half of April in a seedbed which had been prepared in autumn.
Farmers claim increased cotton yields due to sub-surface drainage of
the heavy grumusol soils, but analysis of rainfall-drainflow data by
Steinhardt et al.(1972) has shown that there exists only a 907, 63%,
42% and 11% chance of obtaining a significant drainflow during the
months January to April, respectively. This situation almost excludes
direct effects of subsurface drainage on cotton yields.

The quantitative analysis of the possible mechanisms by which sub-
surface drainage may affect, directly or indirectly, cotton yield 1is
the basic problem of our research; its solution might lead toward a
rational design of drainage and tillage operations.

Hitherto, the "trafficability approach," assuming tractor bog-down
in undrained soil, was suggested as a basis for cotton field drainage
design (Nadel,1969). This approach may be valid in humid regions
(Hakansson,1960; Reeve & Fausey,1974), but in the area concerned traff-
icability problems were solved recently; mainly by surface levelling.
Concerning ourselves with soil structure rather than the tractor, we
developed the '"compactability approach' to the problem (Steinhardt et
al.,1972; Steinhardt & Trafford,1974; Steinhardt,1974). Applying this
approach to cotton, it is assumed that drainage conditions during the
period between tillage in autumn and plant emergence in spring, may
bring about appreciable changes in soil structure. It is assumed that
soil water suctions affect soil strength, which in turn controls the
resettling of the tillage layer and its compactability during cultiva-
tion and planting. These structural changes may affect cotton growth
and yields directly and also indirectly, by initiating subsequent bio-
tic and physical preccesses within the soil (Bertilsson,1971). Long-
term changes in soil structure may be the final outcome, as may be
inferred from (a) drainage experiments in humid regions (see review by
Steinhardt & Trafford,1974; Hundal et al.,1975); and (b) soil compac-
tion experiments (Vomocil and Flocker,1965).
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This "compactability approach' may seem obvious to those concerned
with tillage and compaction in relation to soil water content, but,
astonishingly, Larson & Allmaras (1971), reviewing management factors
related to soil compaction, did not even mention subsurface drainage
as a management factor. Steinhardt & Trafford (1974) found that a 10
mbar rise in soil water suction, in the 2-24 mbar range, affected
tillage layer compaction as a reduction in tractor wheel pressure of 1
bar (average relative effect beneath and beside the tracks). Stein-
hardt et al.,(1975) found that subsurface drainage almost eliminated
the resettling of a tilled grumusol, due to a reduced duration of
water table rise into the tilled layer, from 48% to 17% of a 2.5 month
rainy period.

The "compactability approach'" was tested in an irrigated cotton
drainage experiment (Steinhardt et al.,1976), the essential aspects
and results of which are given below. The cotton response to drainage
and compaction is described in essence only, emphasizing points of
interest to tillage research in general. With respect to the cotton
crop, it should be noted that (a) cotton is rather insensitive to soil
aeration and may withstand a few days of flooding (Lettey et al.,1962).
(b) deficient aeration may affect root growth without affecting shoot
growth (Leonard & Pinckard,1946); and (c) irrigated-cotton yields in
fine~textured soils are generally not affected by tillage and compac-
tion (Carter et al.,1965),

METHODS

The experiment was conducted in a commercial field on 65% clay
grumusol, in two adjoining blocks: one block drained by means of 24-m
apart l=m deep plastic, gravel covered, drains (DB); and one undrained
block (UB). Nine 18 x 30 m plots were established in each block. The
preceding crop was chick-peas. The soil was plowed to a depth of 35
cm and disked in August. Rainfall up to the beginning of March was
500 mm, well distributed and not causing any arpreciable drainflow.

The soil was cultivated during March, tracks being marked every second
plant row space. The spring was unusually dry and hot. Differential
wet spring conditions were established artificially, by sprinkling the
experimental plots with 80 mm '"rain'" 17, 11 and 7 days before planting.
Each treatment was replicated three times per block, in a Latin square
design. Cotton (var.Acala S$J-1) was planted on 14/4/75, 12 seeds per
m, 5 cm deep, in rows 1 m apart, utilizing auxiliary tracks-on the
tractor'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-
tion irrigation, and the customary two interrow cultivations and four
irrigations. Two strips of three plots each, adjacent to the experi-
mental blocks, served as a "dry spring" control.

One day before planting, soil water conditions were characterized
by measurements of (a) soil water suction at 15 cm depth, with a quick-
response portable tensiometer; (b) soil moisture percentage in the 5-
10-cm layer; and (c) the depth of dry surface soil (dry mulch). About
11 days after planting, tillage layer bulk-density, water tension and
content, and air content were determined below the seeds and beneath
the tracks, with the aid of a '"Gamma double probe'" (cf. Steinhardt,
1975; Soane et al.,1971). Emergence, height increment,nutrition and
yield components of the cotton were monitored. Plants from a 1l-m
length of row were sampled at 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 soil variables were calculated for all 18
plots, disregarding their separation into blocks. This analysis could
be migsleading as differences between blocks may exist. 'Still, it is
considered to be unbiased, for two reasons: (a) identical yields of
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cotton and wheat were obtained in these blocks during three seasons;
and (b) identical clay contents and bulk densities were measured in the
tillage layer in the uncompacted cotton row space of the two blocks.

RESULTS AND DISCUSSION

A. Soil water conditions at planting time. Water suctions (S) of
50-120 mbars (420 in drained control), and dry layer depths (H,) of
0.7-5.3 cm were obtained in accordance with treatments applied - see
fig.2. The linear regression between these parameters was dH,/dS;=
4.4x102 cm/mbar; R=.66"%, but testing this relationship separately in
the UB and DB, respective R values were .98%% and .48M-S.. These re-
sults suggest the following causal relationships: evaporation > Hq - S
in the UB versus evaporation - Hj « S <« subsurface drainage, in the DB.
The 5-10-cm layer moisture percentage was almost identical in all
treatments, the average for DB and UB being 41.9%.27% and 42.3%.8%, res-
pectively, This small effect, also as compared with 38.7%7 in the
drained control, may be explained by the high clay content of the soil,
causing a low 'differential water capacity."

B, Soil conditions at time of emergence. Bulk density profiles in
the rows are shown in fig.l. Bulk densities found in the control strips
were between those of the 17- and 11-day drained treatments, suggesting
that soll compaction in the cotton row was practically eliminated by
these treatments. This was not the case with the 7-day drained or with
the undrained treatments, with the exception of the <10-cm depth in the
17-day undrained treatment. In the UB at a depth >10 cm, compaction of
the 7-day treatment was less than in either drier treatments (see also
fig.2). A 'similar reversal of the drainage effect was obtained under
unplowed conditions by Steinhardt & Trafford (1974). It may be assumed
“accordingly that the "S-min'" value under these circumstances is about
50 mbar, compared to 10 mbar found in the wicken clay (cf. Steinhardt,
1974; a higher S-min means an increased danger of soil puddling under
wet conditions).

Results beneath tracks were similar to those obtained in the row,
but density differences between treatments were negligible compared
with the difference between blocks of 7.4il.2x10‘2g/cc. Soil water
suctions below seeds, both values and their variance were significantly
higher in the DB (63-103 mbar) as compared to the UB (37-43 mbar). The
range of air contents (cc/cc) was .12-.22 in the DB, and .04-.12 in the
UB.

C. Tillage layer compactability. The regressions. for each block be-
tween tillage layer bulk density and S and Hg were not significant,
except in the row of the DB where dBr/de=—2.3xlO“2 g/cc; R=.69%. These
results are disappointing, but rather expected when taking into account
the variability of the drainage conditions applied. The same regression
calculated for both blocks simultaneously are presented in fig.2. These
results may be compared with those obtained by Steinhardt & Trafford
(1974) in a plowed clay soil, by utilizing the relationships between
suction and bearing capacity developed by Steinhardt (1974). We esti-
mate two values: (i) the relative value of the bearing capacity-suction
factor (Ng) from the difference in the plasticity index (25 in the
grumusol, 8 in the wicken clay) is .645, it being implied that mode of
failure, shape, depth and desaturation factors, were similar; and (ii)
the dB/dS value for the wicken clay from the experimental results of
dD/dS and dB/dD is 2.55x10-3 (D=wet densit%), and arrive at the pre-
dicted dB/dS for the grumusol of =1.65x10"2, This value is close to
the ranpe of 1.3-1.6x10-3 actually obtained.

D. Long-term structural changes. In preliminary measurements, which
have still to be verified, the plasticity index of the soil determined
after the experiment, was found to be appreciably lower in the UB as in
the DB. Cotton plants in the UB withdrew more water from the soil due
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Fig. 1 - Soil density in the row, as a function of depth, in
drained (0) and undrained (®) blocks; averages of
treatments (=17, 11, 7 days from '"rain' to planting).
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Fig. 3 - Effect

of track density (Bt)
and drained (0)

and undrained (@)
conditions: (a) plant height on June
25 and July 243 (b) relative yield at
early picking. (Final yield=5626kg/hc
=100%; C.V.=4.47.)

Fig. 4 - Average values per
sample of (a) node no. of first
flower branch, (b) air-dry stem
weight, and (c) air-dry branch
+ leaf weight, as functions of
the cotton plant stand and of
drainage conditions.
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to differences 1in rooting and a longer growing period - see next para.
Therefore, the decreased plasticity might be an indirect effect of the
drainage (cf. Warkentin & Bozozuk,1961).

E. Cotton growth and yield responses to soil conditions. Cotton res-
ponse was analyzed by regression to soll variables at planting time,
The results for two plant parameters are shown in fig.3. The correla-
tions between relative early yield and other variables were (R=).78
with S, .70 with A,, .68 with W,, .66 with Hy, and .65 with B.. The
higher correlation with By of .87, as well as other results (see below),
suggest that plant response was mainly a function of track compaction.
An exception was a retardation in rate of emergence which could be re-
lated co air content in the row (cf. Steinhardt, 1975). Final yields

in the blocks and the control strips were almost identical. But, due
to the differential time of ripening the weighted lint percentage in
the DB was 38.4%, vs. 37.8% in the UB, a small but significant differ-
ence. Water content in the tillage layer on the uncompacted side of
the rows (Wu) was found to be lower, the higher the compaction on the
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other side: dwu/dBt=—.52; R=.66**. Although this result has not been

verified directly, it suggests greater root proliferation as a compen-
sation for the unfavorable root growth conditions to the other side of
the plants. An equivalent root growth response was obtained by Taylor
& Burnett (1964).

An interesting insight into the possible causal relationships is
gained by the analysis of plant samples, results of which are shown
in fig.4. The identical branch+leaf weight response to plant stand
(a random variable) suggests that there was no difference in shoot
competition for light between the UB and DB, as also suggested by the
uniform final yields. 1In contrast, the differences in response of the
main stem development parameters to plant stand suggest quite clearly
that competition between roots of adjacent plants is similar in effect
to soil compaction. One has only to shift the regression lines for
the UB by 6 to 8 plants per m to the right, to see the similarity with
the height response to By, shown in fig.3a. The results of Greacen
et al.(1969), demonstrating the difficulty encountered by roots trying
to enter compact soils at incidence angles greater than 45°, and the
assumption of a geotrophic effect on root growth, explain the rather
high sensitivity to track compaction implied.

Although final cotton yields were almost identical it should be
possible to assessthose circumstances in which yields will differ
appreciably; that is the circumstances in which cotton plants will not
be able to change their rate and mode of development without yield re-
duction. Deficiencies in nutrient or water supply, and an insufficient
growth period, are obvious examples of widespread occurrence. The
claim of farmers that cotton yields respond to subsurface drainage has
thus been warranted. Following some additional research it should not
be too difficult to predict this response quantitatively.
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A new Machine for the Insertion of Straw into the Soi.l

und for deep Tillage in ploughless Tillage Systems

Prof. Dr.-Ing. Alfred Stroppel, Institute of Agricultural

Engineering, University of Hohenheim, Stuttgart, Germiuny

Abstract:

Within the scope of an extensive research programme in
the University of Hohenheim several problems of process
engineering of cereal products are tackled. A part of
this 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
considerations which led to the construction of the ma-
chine. Details of the machine design and some of the ex-
perimental results 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 programme 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 decreage
crop yields or have adverse effects upon the enviroment.
In this connection not only conventional machines are
being tested, but also new tools and implements are also
being developed and built, if they nromise 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 Germany.

From these experiments, the machines and methods are :on-
pared with regards to their effectiveness, efficiency,
vower requirement and their influences on crop yield

environment. 1In the following paragraphs a report wil
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be ~iven about the machine which has been developed within
our research work and which nhas been tested last year for
the first time. The main reason for developing this ma-
chine was the search for an optimum method to insert straw
intc the soil, because this is a topical subject in Ger-
many at present. One can say that straw is properly in-
serted into the soil when only very small quantities of
straw remain on the soil surface. Under conditions of well
inserted straw into the soil, problems arising from seed
drilling which would follow this ploughless cultivation
are unlikely to occur. Also the straw is expected to de-
cay fast to avoid a decrease in crop yield.

Little information is available on the depth of gstraw in-
sertion into the soil and on the maximum straw concentra-
tion in the  soil as they are affected by various parame-
ters such as soil and climatic conditions. Some experiments
have been carried out on straw decay. The results of these
experiments have been used as the basis for the develop-
ment of the machine. The results which are important in
this connection are given in Figure 1. This figure shows
that the greatest amount of straw decays when the straw is
uniformly inserted into the soil up to depths correspon-
ding to 20 cm. Therefore the developed machine for straw
insertion had to fulfill the following condition: it must
mix the straw with the soil up to devpths of 20 - 25 cm so
that the straw comcentration might be evenly distributed
all over the depth of ingertion.
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#izure 1: Effect of depth of straw insertion on straw
decay (after seven month)
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For cereal production in primary cultivation which re-
gqires a soil break of 20 - 25 cm this machine should be
able to substitute the plough. In those cases, in which
drilling takes place immediately after the insertion of
straw and after deep break (winter grain following corn,
lucerne or clover following grain) the machine should also

be able to prepare the seedbed in the same pass.

Figure 2 shows the schematic diagramm of the test machine.
The machine consisﬁs of a basic frame (1) which is fasten~
ed to the three-point-linkage of the tractor. Firmly con-
nected with the basic frame is a row of horizontally ar-
ranged heavy.cultivator tines (2) and a rotary cultivator
(3). The rotary cultivator can be adjusted in vertical di-
rection so that depth of tillage can be changed relative
to the depth of the heavy cultivator tines. The heavy cul-
tivator tines as well as the rotary cultivator can be adjusted
~independent of each other in horizontal direction, in or-
der to reach an optimum mixing and tillage effect. Impor-
tant for the work of the heavy cultivator and rotary cul-
tivator combination are the arrangement in longitudinal
direction and the shape of the heavy cultivator sharesg,
because the heavy cultivator is to produce a soil stream
of coarse clods, which flows into the rotary cultivator
and is shared there. As the heavy cultivator transports
the soil out of depths up to 25 cm, the rotary cultivator
cuts more soil particles than i1t would normally do. At the

Figure 2: Schematical diagramm of the test machine
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front part of the frame a flail type forage harvester (4)
is fastened by joints. The flail type forage harvester can
move vertically independent of the basic frame and is able
to adapt itself optimally to the ground by means of wheels.
The flail tools chop the straw and the stubble and throw
the chopped straw behind. Thereby the straw is transported
on guide plates (5) into a kind of mixing room (6) where it
can premix with the soil particles that have been thrown up
by the heavy cultivator tines and by the rotary cultivator.
Part of the straw falls into the created hollow space and
thus gets to the working depth of the tines. In the upper
layer of about 8-cm the rotary cultivator causes further
intense mixing and leaves a well crumbled and even surface.
The distribution of straw in the working depth can be regu-
lated to some extent: firstly by the guide plate which can
direct the flow of straw depending on its regulation either
more to the heavy cultivator tines or to the rotary culiva-
tor. Secondly the distribution of straw is influenced by the
working depth of the rotary cultivator.

A result regarding the quality of straw insertion of the
test machine is given in figure 5. The sum of weight parts
of straw is plotted against the depth of insertion. The
broken line represents the theoretical course when in depth
from O untill 20 cm the straw was inserted quite uniformly,
that is when the same straw concentration exists at every
place of the working depth. The solid line shows the course
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Figure 3: Curve of the cumulative weight parts of straw,
which was inserted by the new machine, as affec-
ted by the depth of insertion
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for the new straw insertion machine at 50 dt/ha. The re-
sults show that the new machine inserts the straw into the
soil very well up to depth of 20 cm. Furthermore one can
see that very little straw remains on the surface (depth

= 0 C‘m>.

At present nothing can be said about the results regarding
primary cultivation, because the new machine has been used
on our experimental fields last year for the first time.
On these fields the new method will be compared with seve-
ral other methods in long-term éxperiments,’on the basis
of the total amount of straw inserted into the soil. The
crop rotation in these experiments is corn - winter wheat

- spring barley. The scale for comparison is the crop
yield.

In the experiments of the previous year the machine .
achieved a well crumbled and even surface which immediate-
ly could be used as seedbed. Thus last year winter wheat
could be drilled after the corn straw had been inserted.

The specific problems of this combination may certainly
not technological ones. Through optimization of the design
of the machine it may be possible to improve the results
of the first experiments: results that anyhow are rather
satisfactory. The main problem centres around keeping the
required power as low as possible. The working width of
our machine is 1,8 m. This machine uses five cultivator
tines. For a cultivator tine depth of 20 cm and for 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 that the energy requirements of the
combined system is lower than the energy requirement of
separate succegssive passes. However the power requirement
of the combined system is rather high because its working
width has to cover the total width of a 1800 mm~-track
tractor with 15 inch-tires. Therefore the machine parts

must be optimized in order to minimize power regquirement.
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There are a number of possible ways to do thiis: the straw
chopper need not revolve at the usual high number of re-
volutions, because the straw need not be spread so far
from the machine. The distance between the heavy culti-
vator tines can be made greater than that of a normal
heavy cultivatore. It should also be possible to improve
upon the design of the knives of the rotary cultivator
more to get lower power requirement. In spite of all these
optimizing measures, a tractor power of more than 100 HP

at a working speed of 6 km/h will be necessary.
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THE EFFECT OF SOIL COMPACTION ON ROOTING PATTERNS AND WATER UPTAKE
OF COTTON

Howard M. Taylor

USDA-Agricultural Research Service
225 Agronomy Building

Iowa State University

Ames, Iowa 50011 USA

ABSTRACT

Compacted layers in soil reduce water and air movement through the
layer and increase the chances that plant roots will be slowed

down or completely stopped by the soil pan. The compacted layers will
cause greater quantities of roots to be present above the layer and
will reduce the density of rooting below the layer. Because water
uptake rate from a soil layer is proportional to rooting density,
water uptake from all layers below the pan usually will be slowed.
This reduced water supply usually reduces yield. However, in some dry
climates, the reduced rate of water use sometimes will assure
sufficient water for some yield, but the amount of yield will be
greatly reduced.

The radicle of a cotton plant can elongate at rates up to 3 mm/hr
under ideal conditions (Pearson, Ratliff, and Taylor, 1970). This
elongation rate can be maintained until lateral roots are initiated
on the primary root (personal observation). The root elongation rates
can still be rapid after lateral initiation.

Cotton roots grew to a 160 cm depth 42 days after planting (Taylor,
Huck, and Klepper, 1972). Considering the time lag for radicle
initiation, this root elongation rate was greater than 4 cm/day.
Thus, cotton plants have the genetic potential for rapid root
elongation rates if their root environment is ideal and the
photosynthate supply from the tops is satisfactory.

However, cotton root systems seldom encounter an ideal soil environ-
ment for long periods and often must overcome a distinctly adverse
environment soon after the radicle emerges from the seed. These
adverse conditions are frequently due to soil compaction. Soil
compaction has decreased crop yield on an estimated 0.8 million ha
of land in California alone (Gill, 1971). Soil compaction affects
root growth of cotton at many locations in the southern and south-
western United States (personal obsearvation). Most of these soil
compaction problems on root growth are found in loam or sandy soils.

Compacted soils have greater soil strengths than uncompacted soils

at the samne water contents (Taylor and Gardner, 1963). Soil strengths
are increased still more as the compacted soil dries from field
capacity to the wilting point. This usually explains the effects of
soil compaction on growth of cotton roots in saundy soils (Taylor,
Mathers, and Lotspeich, 1964).
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The high-strength (compact) layers caused the greatest decrease in
yield when they were located nearest to the soil surface in these
sandy soils (Lowry, Taylor, and Huck, 1970).

Some of these shallow, compacted layers damage cotton roots by stran-
gulation. The radicle exerts enough force to penetrate the moist
compact layer. However, when this layer dries, the primary root
cannot exert eaough force to expand radially. If this condition
continues for 3 or 4 waeks, transpirational demands of the shoots
exceed the capacity of the constricted portion of the main root to
carry enough water upwavrd. Thus, the plant wilts or dies. This
condition has been described in detail by Taubenhaus, Ezekiel, and
Rea (1931) and by Taylor et al. (1954).

Another mechanism through which these high-strength, compacted layers
decrease yields is by decreasing total rooting depth and, thus, by
decreasing total water supply. In an experiment at Auburn, Alabama,
Lowry et al. (1970) investigated the effects of the depth and bulk
density of the soil pan on a loamy sand on cotton growth rate anad
yield. They found that yield increased (at a particular bulk density)
as the depth to pan increased. At any particular depth to pan, yield
decreased as bulk density increased. They found that plant height on
July 3 (a time of rapid cotton boll formation) linearly increased
with the percentage of available water that had been extracted from
the soil at a depth 10 cm below the soil pan surface.

Cotton roots sxtract water from,a soil layer in direct proportion to
the rooting density (cm root/cm” soil) and to the water potential
difference between bulk soil and root xylem. Water extraction rates
are inversely proportional to the resistaance encountered by the water
in moving from bulk soil to root xylem (Taylor and Klepper, 1975).

A compacted layer can change rooting density substantially in all
layers in which roots would be found in the normal circumstances.

The compacted, high-strength layers usually cause rooting density to
increase in all layers above the compact one and to reduce within the
compact layer and all layers below it (Taylor et al., 1972). This
causas the cotton plants to extract water faster than normal from
above the compact layer and slower than normal from below the compact
layer, when compared with plants grown under the same climatic
environment but in a soil with no compact layer.

As shown by the experiment of Lowry et al. (1970), the plant's
ability to extract water from below the soil-compacted layer usually
will increase water supply, growth rate, and yield. Sometimes, how-
ever, a decreasad water extraction rate from deep within the profile
is advantageous; for example, when the cottoa plants must mature on
stored water, with very little probability of precipitation during
their boll formation and maturation period. Under these conditions,
a decreased rooting density below the soil pan would cause a
decreased growth rate of the plant shoots. This decreased shoot
growth will decrease transpirational demand enough to allow the
stored water to be used longer. This lengthened time will allow the
plant enough time to produce some yield, even though the yield level
will be substantially decreased from that expected had the water
supply been adequate.

Cotton yields usually are increased when compacted soil layers are
disrupted by any tillage method (Burleson, Bloodworth, and Biggar,
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1957; Carter aund Tavernetti, 1968; Hendrick and Dumas, 19569).

The magnitude of the yield increase caused by tillage will vary with
the intensity and depth to the soil pan under any particular climatic
environment. Yield increase caused by tillage also will vary with
climatic conditions. If the tillage operation does not cause more
water to be available to the cotton plant for its growth, the tillage
operation usually will not increase yield.

Many acid soils in the southeastern United States contain toxic
quantities of aluminum in the soil solution, espacially the more acid
subsoils. These toxic aluminum levels will prevent or slow root
development into the subsoil, even though there are no compact layers.
Therefore, disrupting compacted layers will not increase yield on
these soils, unless this excess acidity is corrected by adding lime
to all soil volumes where root growth is needed.

Persistence of the yield increases caused by disrupting compacted
layers will vary with the soill type and with its management.
Research workers in the southeastern United States have developed a
controlled traffic technique, where the tractor tire paths are con-
fined to permanent strips within the field. This allows management
of the pressure that machine tires exert on the soil, so that the
traffic interferes as little as possible with plant growth. 1In one
experiment at the National Tillage Machinery Laboratory at Auburn,
Alabama, the soil was tilled by chiseling to 45 cm. Cotton yields
were increased about 390 kg/ha. However, once traffic was allowed on
the 45-cm-deep root bed, the difference in cotton yields decreased
rapidly. 1In later tests in which all variables except traffic were
kept constant, plots with controlled traffic produced about 3600
kg/ha of seed cotton, while plots with unrestricted traffic produced
only 3000 kg/ha--almost 20% difference in favor of controlled
traffic (Trouse, Dumnas, Smith, Kummer, and Gill, 1975).

In summary, compacted layers in soil decrease cotton yields each
year on large areas in southern and southwestern United States,
usually because they reduce the total quantity of water supplied to
the plant tops. Cotton yields are increased when these compacted
layers are disrupted if this disruption will increase the total water
supply available to the roots. On certain soils, adverse soil
chemicals, such as aluminum, must be changed before the water supply
and yield will be increased. Often, the compacted layers will
reoccur rapidly unless tractor-tire traffic is restricted to specific
paths.
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ABSTRACT

Plant growth response to soil compacted by wheel traffic during normal
field operations depends on the interaction of soil type, plant
species, and climate. In the Northern Corn Belt of the United States,
(about 45° N latitude), germination and early growth of corn and
soybeans are often limited by suboptimum soil temperatures. Later,
growth is often limited by water deficiency. Field studies in
Minnesota show that soil temperatures and water use efficiency both
decrease and increase in response to wheel traffic, This parabolic
plant response suggests ways of controlling soil compaction and root
growth to increase fertilizer use efficiency and maximize crop yields.

INTRODUCTION

Most of the research on plant response to wheel traffic in the

United States has been conducted in the southern and coastal areas.
These soils are frequently low in organic matter and inherently

lack the structural stability to resist deformation by intensive
rainstorms and excessive tillage or wheel traffic. Consequently,
traffic pans develop at tillage depth to restrict vertical root
growth, and wheel traffic compacts the soil to restrict lateral root
growth (Trouse, 1971). This restricted rooting volume often causes
plants to be water stressed. Similar results have been reported under
other temperate climates such as in India (Chaudhary and Prihar, 1974).

However, plant response to soil compaction depends on a combination
of interactions between soil type, climate, and plant species
(Rosenberg, 1964). Thus, plant and soil responses in the cooler,
drier climate of the Northern United States may be qualitatively and
quantitatively different from those in warmer, humid climates. The
"Corn Belt" of the United States lies principally between 35° and
45° N latitude, and is bounded on the east and west by 80° and 100° W
longitude. Most of the soils are inherently productive, medium
textured, and well structured, having been developed from prairie or
transitional prairie-forest vegetation (Mollisols and Alfisols).
With few exceptions, root growth normally is not restricted as much
as in the Ultisol soils further south. Thus, there has not been
concentrated research on plant response to soil compaction in the
Northern Corn Belt. This is also due in part to lack of techniques
and knowledge to delineate plant responses to various aspects of
soil and climatic environments. This lack of interest has been
further accentuated by the presumed ameliorative effects of

annual freezing and thawing, which may extend 120 cm deep in the
northern portion of the Corn Belt. However, in one study in which
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the soil in the bottom of the plow furrow was artificially compacted,
9 years of cropping and subsequent winter freezing did not destroy the
compacted layer 1/.

The current trend in the United States toward larger and heavier farm
machinery, with 4-wheel drive tractors weighing more than 13,500 kg
(Voorhees, 1975b), has renewed research interests on wheel-induced
soil compaction in the Corn Belt. The following discussion will re-
view on-going research on soil compaction and its observed and poten-
tial effects on plant growth in the northern Corn Belt of the United
States. All reference to wheel traffic is from standard farm-sized
tractors performing an average of five separate operations per growing
season, with each wheel pass exerting a pressure on the soil surface
of about 6 kg per cm2.

SOIL TEMPERATURE

Heat capacity and thermal conductivity expressed on a volume basis
increase as compaction increases (van Duin, 1956). But the soil tem-
perature at a given time is also a function of the soil water content,
which is mediated by compaction effects on infiltration, redistri-
bution, and evaporation of water. Thus, soil temperature may either
decrease or increase as a result of wheel traffic. 1In 1975, the 5-cm
depth soil temperature of a wheel-tracked Forman clay loam (Udic
Argiboroll) at Morris, Minnesota that was fall plowed and planted to
corn (Zea mays) was as much as 3°C cooler than the nontracked soil
throughout the growing season. At Lamberton, Minnesota, the maximum
soil temperatures in wheel-tracked and nontracked soils were essen-
tially the same in a Nicollet silty clay loam (Aquic Hapludoll).
However, continuous 24-hour temperature measurements at Lamberton re-
vealed differences in duration of a given soil temperature; the wheel-
tracked soil accumulated 4 to 10% more degree hours favorable for
germination and early seedling growth than did the nontracked soil.
While this may seem insignificant, a small change in soil temperature
in the Northern United States where soil temperatures at planting time
average about 18°C can greatly change early corn growth (Allmaras ‘et
al., 1964) and root growth patterns (Allmaras and Nelson, 1973). This
illustrates a potential effect of wheel traffic in cooler climates
that is generally not considered agronomically important in the
Southern United States.

SOIL WATER USE

Along with low early-season temperatures, water deficiency in the
latter half of the growing season often limits corn and soybean
(Glycine EEE) yields in the Northern Corn Belt of the United States.
During this period, evapotranspiration from corn and soybeans commonly
exceeds rainfall by 13 and 6 cm, respectively (Holt and Van Doren,
1961, and Timmons et al., 1967). Thus a small change in water storage
or water use caused by wheel traffic can be important. Water-use
efficiency, defined as crop yield per unit of water loss, can be cal-
culated from data shown in Table 1. Wheel traffic increased the water-
use efficiency 167% for corn, decreased it 357 for wheat, (Triticum
vulgare) and had essentially no effect for soybeans. These examples

‘l/Blake, G. R., W. W. Nelson, and R. R. Allmaras. Persistence of sub-
soil compaction in a Mollisol in southwestern Minnesota. TUnpublish-
ed manuscript.
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may or may not represent long-term averages, but they do show that
plant respounse to wheel traffic can differ for various combinations

of crop species, climatic conditions, and soil type.

Table 1. Crop yield and water loss for various crops as
affected by wheel traffic.
No wheel traffic Wheel traffic
Crop Yield, Water loss,* Yield, Water loss,*
kg/ha cm kg/ha cm

Corn, Lamberton, 1974 5,209 18.3 5,561 16.9
Soybeans, Morris, 1975 2,014 36.7 2,179 38.9
Wheat, HMorris, 1975 3,746 30.0 2,690 33.1

*Total of evaporation and transpiration, assuming no runoff.

Another complicating effect of wheel traffic in determining water
use by plants is that wheel~traffic-induced soil compaction may also

cause lateral movement of water (Figures 1 and 2).

The tensiometric

soil water suction values are the measured lateral differences at
various depths between two adjacent soil profiles 76 cm apart, one

wheel tracked, and the other having no wheel traffic.

A row of corn

was centered between the two profiles of Figure 1, and a row of

soybeans was between the two profiles of Figure 2.

A positive suction

gradient indicates a potential gradient for lateral water movement
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Figure 2. Lateral soil water potential gradients between wheel-
tracked and nontracked profiles of a Nicollet clay loam under
soybeans.

from the wheel-tracked side of the row to the nontracked side of the
row; negative values indicate a gradient towards the wheel-tracked
side. For corn (Figure 1), there were no lateral gradients in either
direction at any of the observed depths before June 30. After June
30, there was a small gradient toward the nontracked side of the row
at the 15-cm depth, and a large gradient in the same direction at the
45-cm depth. A lateral gradient in the same direction began at the
90-cm depth about July 15, followed by a similar gradient at the
150-cm depth about 10 days later. This depth progression of a later-
al gradient with time probably coincides with the advancement of ‘the
root system and suggests a faster depth-wise root growth rate on the
nontracked side of the row, or a more active root system in terms of
water uptake. The soil bulk density at the 15-cm depth was 1.29
g/cm3 and 1.62 g/cm3 for the nontracked and wheel-tracked sides,
respectively. At deeper depths, bulk density was essentially the
same for the two sides and increased from 1.54 g/cmd at the 45-cm
depth to 1.83 g/cm® at the 150-cm depth.

The sequence of lateral gradients with depth and time was similar in
the soybean row (Figure 2), except the gradients were smaller and
even reversed direction at the 90-cm depth. This reversal in direc-
tion may have occurred at other depths also (and also for corn in
Figure 1), but measurements were limited by the air entry values of
the tensiometers, about 800 millibars (mb). Unlike corn, the mea-
surements for soybeans did not indicate any differential water uptake
or movement at the 150-cm depth because of the shallower root system
of soybeans.
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These examples of plant response are not easily explained, and
illustrate the complexity of the interaction between plant species
and environment in determining the effects of wheel traffic on plant
response. This agrees in part with Hakansson's observations in a
similar climate in Sweden (Hgkansson, 1966).

ROOT GROWIH

The increase in soil bulk density at the 15-cm depth as a result of
wheel traffic increased the soil strength characteristics enough to
greatly reduce corn root growth to a depth of 25 cm under the wheel
track. About 607% of this surface 25-cm soll layer contained no roots.
With no wheel traffic, this same soil volume had a root length
density of about 1.9 em/cm3.  While this root growth restriction may
not normally subject the plant to severe water stress as occurs with
similar root growth restrictions in the Southern United States, it
does have significance. 1In the Northern Corn Belt, fertilizer is
commonly broadcast on the soil surface and then incorporated through-
out the surface 20~ to 25-cm layer of soil by tillage. But with
immobile ions like phosphorus and potassium, wheel traffic may
prevent sufficient root growth to completely utilize the applied
fertilizer, and yields may be reduced. If the portion of the root
system unaffected by wheel traffic can supply the plants' total P and
K requirements, then 607 of the fertilizer applied is not needed.

The density of individual 3-cm-diameter clods from the surface 25-cm
layer of a Nicollet silty clay loam that had been wheel tracked during
three successive growing seasons was 1.70 g/cm3 compared to a density
of 1.43 g/cm3 in an adjacent untracked area., Within this range of
density, root growth and phosphorus uptake from individual aggregates
can be significantly affected (Voorhees et al., 1971).

Soil compacted by excessive wheel traffic can restrict sugarbeet
(Beta vulgaris) rooting depth and cause deformed storage roots
(Voorhees, 1975a). Potato (Solanum tuberosum) vields were decreased
from 25,550 to 16,800 kg per hectare by the wheel traffic on a clay
loam at Morris, Minnesota 2/.

SUMMARY

Plant response to soil compaction from wheel traffic under normal
field conditions depends on a number of interacting factors. 1In the
relatively cool spring, dry growing season climate of the Northern
Corn Belt of the United States, plant response may be parabolic, such
as was reported by Hakansson (1966). Compaction can increase or
decrease the soil temperature, an important factor in early corn
growth, Compaction can both increase and decrease water-use effi-
ciency. Root growth may often be restricted, resulting in ineffi-
cient use of immobile fertilizer ions. Controlled traffic, whereby
all wheel traffic is restricted to certain areas of a field, may be a
practical way of managing soll compaction to the plant's benefit under
relatively cool dry growing conditions. Research is continuing to
fully assess the effects of wheel traffic on plant response in the
northern latitudes.

2/Voorhees, W. B. Effects of wheel traffic on soil compaction and
plant growth for Forman clay loam. Unpublished 1975 Location
Annual Report, NCSCRC, Morris, Minnesota.
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REDUCED TILLAGE IN GECOND CROP GRCWING WITH IRRIGATION
ON CHERNOZIM SOIL

By Prof.dr Novica Vuéié
Faculty of Agriculture,University of Novi bad,Yugoslavia

ABSTRACT
The specificity of second crop growing and their
place in crop rotations under supplemental irri-
gation conditions permits succesfull utilization
of extended effect of deep tillage carried out
under winter wheat.
Hence on the soils of favourable physical pro-
perties the tillage for second crops has been
reduced to a great extent thus reducing it to
only seed bed preparation by discing.Zero tilla-
ge resulted in somewhat lower yields even on
chernozem of excellent physical properties with
irrigation applied.

INTHRODUCTTION

50il is more intensively utilized by second
crop growing under irrigation conditions which requi-
res more frequent tillage compared to production witho-
ut irrigation.Under conditions like that the tillage
system has been somewhat changed depending on the ir-
rigation method and primarely the tillage in second
crops.The specificity of the second crops is that they
have been grown in one year on the same field after
winter wheat or barly as main crop.Presumably the se-
cond crop will not require the same way of soil pre-
paration as the main crop.However,it primarely de-
pends on the physical properties of the soil and irri-
gaﬁion method of the main crop.The better the physi-
cal conditions of the soil after the main crop are and
the compaction less the greater changes could be ex-
pected in tillage and soil preparation for second
CTop.
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INVESTIGATIONS AND METHODS

Investigations were performed on carbonate
chernozem of loess terrace i.e.on soil of coavenient me-
chanical composition (loam) of crumby structuré,stabile
structural aggregates‘and of very suitable water-air re-
gime defined as "regime of a self-regulating character”
(Vuldié,196e4). ‘
Having in view such very favourable phy-
sical properties of chernodzem and only slight changes
during the growing period under wheat (Vudié,Uobrenov,
1967) we supposed that the second crop - silage maize -
could be succesfully grown under irrigation with shallo-
wer tillage.As the basis in experiments a tillage to 25
cm had been taken and it is suggested for maize on cher-
nozem in regular planting (Drezgil,Markovié,l964) with
three variants of shallower tillage: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").

 REBEARCH RESULTS AND DISCUSSICN

A high uniformity was found in three-year
vield average of fresh matter of the first experiment
in all variants (Table 1),hence starting from the con-

Tab.l-5ilo maize yield of second crop depending
of the depth of ploughing (three years average)

Depth of ploughing,cm Fresh matter,mc/ha
10 489,4
- 15 . H487,7
20 , 497,9
25 48%,6

LSD 0,05 = 45,1 mc/ha

ditions under which maize as second crop has been grown
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something similar had to be expected from the second
experiment too - with reduced tillage 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- 5ilo maize yield with "minimum" and "zero"
tillage (mc/ha)

Depth of ploughing 1l.year 2.year S.year Average
cm

"Zero" tillage 428,6 47%,8 565,8 410,7

Discing 8-10 cm 496,3 440,3% 356,9 431,2

15 494,8 496,1 241,5 444,1

L3D 0,08 = 60,6 mc/ha

- variantse on an average,though there were some differen-
ces between years.

The malze as second crop comes after winter
wheat which as a crop of density stand protects soil
from compaction of ploughing layer (Vudié,Jocié,1967)
and protects the goil structure.Besides that tillage
of %50-35 cm has been used for wheat.After sprinkling,
once or twice during vegetation,only slight increase
of so0il volume weight was found (for 0,09) and only in
top 5-6 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

Depth of ploughing ., cm
Depth of 0 10 15 20 55
soil,cm al bl cl alblcia |b|c alblc |a b | ¢
0-10 11,2|51 [19|1,1155| 26/1,1|56|27|1,1|57 29 1,1 578
10-20 1,3 |49 [15|1,3}49]15L,2(51118|1,2|57 28 1,220
20-30 |1,2 |52 |20 1,259 21 1,315
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BSesides thaet the maize as second crop has been grown only
with irrigstion consequently the soil layer from 50»50‘
¢t 15 moist throughout the vegetation and there was no
phve.cal interference in root system development in all
experimentsl variants.

‘he results in the Table 2 refer to the
procduction witn cultivated crop hence the question is
whether cultivation coula be replaced by herbicides or
left out completely having in view the conditions under
disscussion.

The further invegtigations showed that
the application of herbicides could replace cultivation,
however,cuite low yields were obtained without weed

control (Table 4).The negative effect of weeds on the

Tab . 4 and herbicide

use on the silo maize wvield (Rel.ratio)

Bffect of cultivation

Lepth of . . . .
* Cultivated Non cultivated
| L""}. 3 o ” . . . . 4
PLOUBRLNE, C without herbicide|with herbic.
Mo tillage 965 60k 87%
Discing 950 64 . 977
15 1GC.» 82,0 98,0

maize olant growing is

hout nerbicide use znd

in guestion,plants were weak wit-
for about 5S5o% lirhter in weight.

Mention must be made that the number of

3

weed ploats per m™ was not in accordance with the above

statement (Table 5).

e o 2 .
Tab. %~ Number of weed plants/m” at harwest time

Leptir of pleo-

Cultivated Non cultivated

ughing,cw

witaout herbicide

with herbic.

do tillage 4,8 2743 21,7
biscing 5, 53,6 26 4 4
15 2450 5758 2446
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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 and
discing where weed plants grow later and are smaller in
growth considerably.

At the end it should be added that the cre-
micel composition of the plants was similar in all ex-
perimental combinations,however, the combination without
cultivation and partly with discing,has about 1% dry ma-
tter less which reflected on the total nutritive value
of second crop silo maize. '

wWwe came to the conclusion that it is defi-
nitely necessary to prepare the seed bed by shallowest
tillage or discing for growing silo maize as a second
crop on the chernozer under the climatic conditions of
Vojvodina (Yugoslavia).The production can be made chea-
per and simpler by herbicide use and without cultivation.

‘ The production 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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THE DEVELOPMENT OF A DOUBLE DIGGING MACHINE

I.B., Warboys, J.M, Wilkes, P,T. Gooderham
and S.,M. Wilkins

Wye College (University of London) FEngland

Abstract

The need for improved cultivation of the subsoil has arisen
because of compaction associated with increased traffic on soils
and because existing subsoilers achieve only a limited soil
loosening effect. Fixed tine subsoilers have a high power
requirement and short operating season. Design combinations
for comprehensive loosening of the profile and retaining the top
soil and subsoil in separate layers are considered. The Wye
double digger uses a mouldboard to expose the subsoil and a power
driven rotary tiller in the furrow bottom, Power requirement is
approximately 180 kWh/ha compared with the 186-429 kWh /ha for
fixed tine subsoiling.
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Introduction

The adverse effects of modern mechanised crop production have been
highlighted in the United Kingdom by the Agricultural Advisory Council
(1970) and Soane (1970). In the Nétherlands, Ouwerkerk (1969) has
found larger pore space values on soils not cultivated by tractors
compared with similar soils on mechanised farms. Deleterious effects
of compaction have been reported on root growth of crops such as de-
creased rates of elongation and increases in root diameter, (Eavis and
Payne, 1968; Gooderham and Fisher, 1972) and to some extent on yield
(Fisher et al 1975). On the other hand yield increases attributable
to subsoiling have been variable. Both Russell (1956) and Hull and
Webb (1967) have shown small but consistent increases in yield from
subsoiling. Improvements in the quality of roots such as sugarbeet
have been more easily demdnstrated (Czeratzki, 1965). These small
responses may in part be due to the limitations of existing subsoiling
machines where fissuring and shattering of the subsoil will only be
possible if the subsoil is dry. It seems probable that these dry
subsoil conditions seldom occur in the United Kingdom and then for only
a few days in the year.

Another disadvantage of existing tined subsoilers are the high
tractive power requirement necessitating a crawler or four wheel drive
type tractor and also preferably a dry operating surface, This further
restricts the time when the operation can be successfully carried out.
To reduce power requirements, attempts have been made to oscillate the
subsoiling tine which, although it may reduce draught requirement by
35% (Hendrick and Buchele, 1963) requires extra energy to produce the
oscillations with the net result of a higher overall power requirement.
Other ideas to reduce draught requirement include the slant subsoiler
(Ede 1974), where fissuring is improved by bending the mass of soil as
it flows over the blade rather than a shearing action of the subsoiler
blade, or mole plough. Also Spoor (1975) has described the advantage
of placing wings on the bottom of the subsoiling tine, or shallow
cultivation ahead of the subsoiler to increase the total disturbed area
and give better rearrangement and rotation. This will however depend
on dry subsoil conditions and on the condition of the surface layer.
Despite these developments it is considered that the mechanical compre-
hensive loosening of subsoll has seldom been achieved. However, the
effects of thorough subsoil loosening by hand digging has been investi-
gated (Gooderham, 1976) and the Wye double digging machine has been
developed to reproduce the same effects.

Design

From this experimental work conducted at Wye College, it was con-
cluded that the two main machine requirements were (i) to break up the
subsoil very thoroughly and (ii) retain the topsoil and subsoil in
separate layers, To achieve this, various design combinations were
considered, (Fig.l). These were:

(i) double depth mouldboard plough: Double depth mouldboard
ploughs have been used in Australia and Russia. Zabashtanskii (1973)
refers to deep ploughing Chernozem soils in Russia using ploughs
capable of 2 and 3 layer ploughing simultaneously down to 40 and 60cm
depth respectively. However, the draught requirement is high and
traction a problem at low speeds. Doubt also must remain as to the
amount of soil breakdown with a moist subsoil.

(ii) mouldboard plus tines: This type of subsoiling is practised
on the heavy clays in the Eastern Counties of England to alleviate
plough pans but has a high draught requirement. The extent of the
loosening effect would be expected to be critically dependent on soil
conditions., Although it is possible that a slant tine subsoiler could
increase the amount of fissuring, the power requirement would still be
high.
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(iii) rotary cultivator plus tines: This form of subsoiling is
commercially developed as an '"under-buster' for a rotary cultivator,
Although rotary tillage of the topsoil reduces the draught require-
ment, the loosening effect of the tines would again depend on subsoil
moisture conditions.

(iv) twin rotor tiller: By mounting one rotor for the topsoil
and one for the subsoil it would be possible to produce a controlled
comprehensive loosening through the profile. In order to expose the
subsoil, the top rotor may need to be driven in reverse which would
increase the draught requirement, Despite the high overall power
requirement, cultivating, subsoiling and planting would be possible in
one pass. Furthermore, unlike the vertical rotating tillage tools
such as the Fowler gyrotiller, soil mixing would be kept to a minimum.

(v) mouldboard plus rotor:; This combination uses the mould-
board's displacement capability as a means of separating the topsoil
and exposing the subsoil to enable separate cultivation of it in situ.
By applying rotary tillage to the subsoil only, a reduction in the
draught requirement will be possible and the total power requirement
of the machine will then be within the capabilities of a medium horse-
power 37-56 kW wheeled tractor. Furthermore, rotary tillage would
enable loosening of the subsoil to be carried out under moist con-
ditions.

Wye Double Digger

The first version of the double digging machine is based on a
single furrow deep digger plough where the beam was lengthened to
accommodate the subsoiling rotor. This runs in the furrow bottom
exposed on the previous pass with the plough body turning the topsoil
onto rotary tilled subsoil (Plate 1). The subsoiling rotor is driven
from a bevel reduction gearbox slung underneath the plough frame. This
gearbox when fitted with interchangeable spur gears gives a choice of
rotor speeds from 120~-240 r.p.m. at 540 r.p.m. engine power take-off
speed. The rotor has three flanges, supports three pick tines per
flange, and is roller chain driven at one end. The linear depth is
fixed at 22 cm. below plough depth although it is possible to vary this
depth by slackening off the supporting frame and rotating the gearbox
extension tube to a fresh position. Pick tines have been used because
of their relatively small cutting surface to soil moved which minimises
power consumption and risk of blockage under moist conditions.

Power requirement

Preliminary performance tests have been encouraging. A 34 kW
tractor equipped with instrumentation for continuous monitoring of
engine speed and torque (Wilkes, 1972) was used to collect data when
cultivating a silt loam. So that power requirement could be de-
termined the effect of forward speed was examined at rotor speeds of
128, 161, 224 r.p.m. A summary of the results are shown in Table 1
for two forward speeds only.

Table 1, Effect of forward speed and rotor speed on power requirement

Forward speed km/h Tractor engine load kW(hp)
(m.p.h.) Rotor speeds
128 161 224
1.85 (1.15) 17.5(23.3) 19.9(26.5) 22.1(29.4)
2.34 (1.46) 19.8(26.4) 22.2(29.5) 23.1(30.9)
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Tt was not possible with the tractor available to operate at higher
forward speeds at either the lowest (128) or highest (224) rotor speed.
In the first case bite length caused the machine to ride out of work
and at the highest rotor speed the tractor had insufficient power,

It is clear from Table 1 that approximately 20 kKW are required for
working 45 cm deep and 45 cm wide at 2.34 km/h with the double digging
machine. This gives a spot working rate of 0.11 ha/h or 180 kWh/ha.
In contrast, depending on soil type and moisture content a single sub-
soiling tine can have a draught ranging from 1816 to 2724 kg. On this
basis, operating a tine subsoiler at 3 km/h requires between 26 and 60
kW for working at the same depth. To give a comparable profile disturb-
ance to double digging, tines would need to be spaced at no more than
45 cm. This gives a rate of work of 0.14 ha/h, and a power require-
ment of between 186-429 kWh/ha. One reason for the higher power re-
quirement is because only about 60% of engine power is available for
draught. In future development work with the double digger, the power
required for draught and for the rotor on a wider range of soil types
will be itemised.

Soil cultivation and crop yield

The effect of double digging on mechanical resistance of silt loam,
measured with a cone (diameter 2,0 cm) penetrometer is seen in Fig. 2.
Mechanical resistance was halved, and there were only small differences
between the various rotor speed/forward speed combinations.

The effect on sugarbeet yield of three contrasting subsoil loosen-
ing techniques have been investigated on a silt loam (Table 2). In
both 1974 and 1975, fresh weight yield was increased by about 13% when
comparing double digging with vibrating and fixed tined subsoiling
treatments, The tined subsoiling treatments reduced fresh weights by
about 3% when compared with the control.

Table 2, Effect of subsoil loosening on sugarbeet yields 1974-73

Plough Double Vibrating Fixed tine LSD
(control) digger subsoiler subsoiler (P=0.05

Depth of working 1974) 32 ) );
(em) 1975) 22 38 y 49 y 40
Spacing of tines - - 27.5 27.5 -
{cm)
Yield of fresh) 1974 38.3 41.3 37.6 36.6 5.5
roots (t/ha) 1975 26.2 29.2 25.1 25.9 4.0

Although data is not presented here, increases in water holding
capacity, air porosity and reductions in mechanical resistance of sub-
soil associated with mechanised double digging were found, This con-
firms results previously obtained by hand-digging (Gooderham, Op.cit).
Similar effects associated with the tined subsoiling treatments were
smaller.

Effects on subsoil physical conditions of loosening by hand~digging
have been detected up to four years after application of treatment
(Gooderham and Wilkins, unpublished data). It seems probable therefore
that sub-soiling does not need to be carried out annually,. Double
digging offers a technique for loosening compact subsoil prior to the
introduction of direct drilling and may even extend the range of
suitable soils, A further possibility, requiring investigation, is
the addition and mixing of fertilizers and soil conditioners to subsoil.
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Tillage as a weed control measure in the tropics.

J.D.A. Wevers and H. Kuipers, Soil Tillgage Laboratory,
Agricultural University, Wageningen, The Netherlands.

ABSTRACT

Chemical weed control in the tropics 1s restricted
because of high costs, environmental consequences and lack
of education of most of the farmers. Proper tillage
operations can reduce weed problems enormously: mouldboard
ploughing will at all levels of mechanization surpress the
potential annual weed problem and carrying out the deepest
tillage operation in the very beginning of the dry season,
when soil moisture content is still rather high, followed
by repeated operations will result in a high degree of
desiccation of perennial weeds. As an inter-row crop
cultivation, earthening up with ridgers appeared to be the
best control measure; for smaller crops, planting on
ridges and tine cultivation with reridging will also give
a high degree of control.

Introduction

Tillage and weed control after sowing account for a
labour peak on farms all over the world, whether it be
tropical or temperate regions. In the latter, with a
capital intensive production system, weed control after
sowing is mainly carried out in a chemical way. However,
the rise in the costs involved and the knowledge of the
environmental consequences of the use of chemicals revived
interest in an agricultural production with a minimum use
of chemicals.

In the past, when chemicals were hardly available,
tillage was generally recognized as a major tool to keep
weed growth under control. As socon as herbicides were
discovered the attention of weed scientists was almost
completely absorbed in this field, more or less in the
same way as mechanization aspects absorbed the attention
of tillage research workers.

Weed research in the tropics was carried out in a
rather restricted way: mainly a screening of herbicides
from temperate regions to be used in the tropics.

As most of the tropics 1s occupied by developing
countries with a severe lack of hard currency, the rise
in the costs of chemicals will restrict strongly on the
use-of herbicides., The environmental conseguences may be
more bearable _ : than in most
of the temperate countries, because of the absence of
industrial pollution and of a historical accumulation.
But a much bigger problem in using herbicides in
developing tropical countries is the education of the
rural population. How can a local farmer know what
herbicide to use in what way at what time for a certain
crop?

This fact makes it necessary, certainly for the first
decades to come and, 1f the costs of herbicides are not
going to fall, perhaps even forever, that research
towards the weed control aspects of tillage is intensified
and given full attention.
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General remarks on tillage as a weed control measure

In weed science, specific groups of wWeeds have to be
distinguished as they need a different approach in
controlling them:

1. weeds propagated by seed(mainly annual weeds)

2. weeds propagated by vegetative parts(mainly perennial)
Seeds from weeds require specific conditions concerning
depth of burial, water, oxygen, temperature, light intensi-
ty and daylength for their germination. With tillage,
water, oxygen and temperature can be influenced to a
certain extend but more can be done concerning the depth
of burial. If for instance mouldboard ploughing is carried
out in a proper way using skim coulters, almost the
complete top layer, with freshly spread seeds, can be
transported to the bottom of the ploughed layer. Although
we do not know very much about the survival of seeds in
soils at high temperatures, it might be expected that this
is less than iIn temperate regions.

Perennial weeds can be controlled either by exhaustion
or desiccation. For exhaustion a non-dormant period will
be required so in most cases a fallow growing season will
be necessary. For desiccation a dry period is needed which
is available in all except the humid tropics.

The above measures are mainly to keep the potential
weed population down. Concerning the repressive weed
control measures it can be noted that the vegetative crop
growth in the tropics is faster than in temperate regions.
That is why weed control between planting and crop closure
is relatively easier.

To test some of the above assumptions, a number of
experiments have been carried out in the savanna of the
northern part of Nigeria in 1974 and 1975,

The influence of pre-planting tillage operations on weed

growth ’
In the experimentation three levels of mechanization

were included in separate experiments:

1. animal power

2. two-wheel(8.5 hp) and small four-wheel(12.5 hp) tractor

3. big four-wheel tractor(65 hp)

With animal power, the following treatments were compared:

I. mouldboard ploughing with additional tine cultivation,

IT. mouldboard ploughing only,

ITTI. ridging in untilled soil,

IV. tine cultivation only.

Traditionally all crops are planted on ridges, which are

splitted next season and rebuilt either on the same spot

or in the furrow. As the experiment was started on flat

soil, treatment III is not a traditional one.

Weed growth 17 days after the tillage operations
averaged over two implements, which differed not signifi-
cantly, and over six replicates is given in table 1.

Seedbed preparation after ploughing is not
significantly better than ploughing only, but not
ploughing is really very poor concerning weed control.
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Table 1. Weed weight(dry matter of areal parts) and
tillage depth for the animal powered experiment

Treatment I IT III v Lsd.o5 LSd.Ol

Depth (cm) 5 15 15 7.5 g
Welight(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
IT. mouldboard plecughing and rotavating
ITII. 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

I I I [
Treatment II ITII \ \ \ LSd.OSLSd.Ol

Depth(cm) 11.0 11.0 8.5 7.5 7.5 4.5
Weight(gr/m~) 100.7 30.4 46.2 44.5 70.6 167.3 61.8 86.5

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
II. mouldboard ploughing
III. 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 IT ITT IV \ LSd_OS LSd.Ol

Depth(cm) 21 23 18 20 8
Weight{(gr/m“) 53.0 7.4 89.9 u45.4 89.4 L42.0  69.7

Reversing the soil with a mouldboard plough resulted
in a very good control of weeds, while mixing(disc plough
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and rotavator) was clearly worse but still much better than
breaking up the soil only(chisel ploughlor a shallow disc
operation.

About the control of perennial weeds only preliminary
trials have been carried out on the desiccation of Impera-
ta cylindrica and Cyperus rotundus. It appeared to be very
difficult to penetrate into the soil deep enough in dry
season with normal farm equipment. To be able to follow
this line of weed control, this has to be carried out
either by heavy(e.g. land clearing) equipment or to carry
out the deepest operation immediately after the harvest of
an early crop when the soil moisture content is still
reasonable high. Once sufficient depth is reached, i.e.
the depth of the deepest vegetative parts, one season of
about 6 months of drought is sufficient to eradicate the
above mentioned weeds. No difference could be seen between
disc ploughing, chisel ploughing or rotavating with
underbuster. '

The influence of inter-row cultivations on weed growth

On a very heavily infested field with mainly Cyperus
rotundus and C.esculentus an animal powered experiment
has been carried out to study the possibility to grow a
crop of maize in spite of this infestation. The treatments
in the maize crop planted on the 25th of May were:

I. tine weeding on June 4,16 and 26,

IT. tine weeding on June 12 and 26,

III. sweep weeding on the same dates as I,

Iv. upridging gradually on the same dates,

V. tine weeding and upridging of the pre-planting

ridged crop also on the same three dates.
Weed growth on the 9 of July averaged over four
replicates is shown in table 4.

Table 4. Weed weight(dry matter of areal parts) of
some inter-row cultivations

Treatment I 1T ITI IV \% I, sd Lsd

.05 .01

Weight(gr/m2)109.6 174.9 250.0 54.6 81l.5 65.2 91.5

From these results it can be seen that cutting weeds
with a sweep without throwing up soil into the row 1s a poor

weed control measure. Secondly it 1s clear that timely
and freguent cultivations are essential to get the best
results. Thirdly earthening up by ridgers is a very good
system to control weeds even in the row. '

General conclusions

Mouldboard ploughing seems to be necessary in controll~-
ing weeds at all mechanization levels. But as this
requires rather much labour, the traditional way of pri-
mary cultivations by ridge splitting, which reverses also
much of the top soill might be a very good alternative.

Inter-row cultivations, carried out timely and with the
right implements can keep weed growth under control untill
crop closure. The system of earthening up can be applied
to tall growing crops like maize, millet, sorghum and
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cotton and the tine weeding with reridging or tine

weeding only for lower crops like groundnut and cowpea.
A good sequence of tillage operations, pre- and

postplanting, can reduce weed problems enormously.

Fig.,l:Mould-oard ploughing using animal power.
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Fig.2:

Tine weeding straddling
the row to overcome
problems of
non-parallel planting
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Fig. 3:

With earthening up
and with tine weeding
and reridging soil

is thrown into the
plant row.
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SOIL TANK AND FIELD STUDIES OF COMPACTION UNDER WHEELS

B.D. Soane, G. Kenworthy and J.D. Pidgeon
Scottish Institute of Agricultural Engineering,
Bush Estate, Penicuik, Midlothian, Scotland.

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 cege wheels. The advantages of using a number
of soil physical properties for this purpose, particularly with the sid
of a soil test trailer are discussed. Care is needed in selecting a
reference datum level for subsurface meagurements. 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 so0il compaction under wheels in commercial crop production.
0f immediate interest are the selection and measurement of relevant
80il properties and the techniques for comparing the results obtained
under different types of wheels., Iater 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 PROPERTIES

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 preperties selected for measurement 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 growth (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 physical properties as circumstances permit. The tests
receiving most attention here are as follows:
Dry 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 methcds used
for soil strength. Disturbed samples are taken by a screw or tube
auger for water content measurement by oven drying.
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Cone registance. A 12.9 mm dia. 30° cone iz inserted at 30 mm/s
either by hand or by electrical drive. Readings taken at 3 ocm incre-
ments to 39 cm depth using 9 positions 10 cm apart across wheel track.
Magnetic tape recording is used on the soil test trailer. The method
ig rapid, convenient and shows a high degree of spatial resolution and
sensitivity.

Vane shear strength, A 19 mm dia., 28 mm high, four bladed vane is
inserted and rotated by hand, maximum shear strength is indicated by
a captive needle against 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 mm dia.) is used to measure the flow of air at a pressure of 25 om
vater at the surface or sub-gurface respectively. Readings are taken
in the midline of the wheel track. The results will be related pri-
marily to the number of large pores vresent.

Plate sinkage. A 118 mm dia. plate is lowered electrically at

30 mm/s until the resistance reaches 90 kN/m2 which corresponds
approximately to the inflation pressure of many tractor rear tyres.
load and sinkage sre recorded on magnetic tape and the results
expressed in terms of sinkage (mm) or the slove of the load/sinkage
relationship (kN/mm). While the method gives no information on the
digtribution of sub-surface soil responses it indicates the relative
bearing capacity of different soils before and after the passage of
wheels, readings being teken in the midline of the wheel track.

In the soil tank and in some circumstances in the field, these
measurements are underitaken from a soil test trailer having a wheel
track of 2.8 m (Soane, 1975). This has 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 test results per
man-day.

EXAMPLES OF SOIL RESPONSES

An example of the change in bulk density with the pamsage of a
tractor wheel over cultivated sandy loam in the field is shown in Fig.
1. The compactive change was marked throughout the cultivated layer.
With the gamma-ray transmission method it is easy to take 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 medium power tractor with a cage wheel fitted are showm
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 increases were not significant at 18 cm depth
but significant at 27 em depth. At 36 cm depth the increase in cone
registance was significant below the tyre but not below the cage
wheel. Plate sinkasge decreased significantly below the cage wheel and
tyre, the greater difference being below the tyre. The decrease in
air entry rate was significant under the cage wheel at all depths but
only at 18 cm below the tyre. Th e relative changes in these
properties do not follow a similar pattern in all cases and further
work will be required to confirm the validy of the differences and
assess their importance.

Statigtical comparigons. Where the test result can be expressed as

a singie ligure, e.g. plate sinkage, comparisons are straightforward,
However, complications arise in comparing results of properties which
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TABIE I

EXAMPLES OF CHANGES IN SOIL PROPERTIES AS A RESULT OF THE PASSAGE OF
A MEDIUM POWER TRACTOR WHEEL FITTED WITH A CAGE WHEEL

Value after Relative value
Value passage after pasmage
Property ngth before (midline) S.E. QQV'
bassage ‘ Cage Tyre
Cage Tyre Initial = 100
mean of 10 positions
Vane shear 18 12 29 29 2.4 33 21,0 21,0
strength 27 27 L7 58 L.hL 31 170 220
(10/m?) 36 L9 377 6.7 32 150 160
Air entry 18 13.5 7.5 9.1 0.8 25 55 Y
(1/min) 36 3.3 1.7 3.1 0.3 36 51 9l
Plate
sinkage 0 100 L3 2, 6.8 38 L3 2L
(mm)
Cone . 18 1o 70 50 16 L9 170 130
registance 27 70 250 290 24 20 360 L10
(k/m?2) 36 250 330 510 32 10 130 200
vary both horizontally and verticly
within the soil below the wheel Dry Bulk Density, g/cm’
track, The simplest approach is to o—2 o W 12 13 4
confine attention to the soil below \\‘MMI&mmea

the midline of the wheel (Fig.1 and
Table I) and to compare separately
the results obtained at different
depths. This approach may be
extended to results obtained on a
two~dimensional grid. The use of
statistical techniques for
individual comparison of a
congiderable number of grid points
may, however, merely regemerate a
complex pattern which is itself
difficult to interpret, A
simplification can be made by
analysing the statistical or
significance of the difference in
the value obtained at each point of
measurement before and after the
passage of the wheel and then | pig 1, Exemple of use of initial
obtaining the sum (X x), mean (X) |sgurface level as datum in study
and standard deviation (o) of those|of compaction under tractor rear
differences which reached a selected | wheel (MF 135, 1830 kg, 35 dW) on
level of gignificance, in our case | passing over cultivated soil

Final Surface Level—~

20

251

Depth below mitial surface level, cm

e— Initial Density Profile

x—  Final Density Profile

35

P =10.10., These parameters may then be used to compare the effects
resulting from different wheel systems (see later),

Depth transformations. Comparisons of results of tests made on soil
at different states of compaction are complicated by the problem of
selecting a common datum level from which to measure depths
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within the soil profile. In general, use of the soil surface as a
datum is not satisfactory when the changes in bulk density are extreme,
or where soils shrink or swell with changing moisture conditions, but
it is possible in some cases to use the surface in either the dense or
the loose gtate and the latter technique is illustrated in Fig.1. The
matching in bulk density values within the subsoil agree within 1 em in
depth, in spite of a 9 em change in level at the surface as the result
of the passage of a tractor wheel, Another techmique is to apply to
the depth scale a progressive correction, the magnitude of which is
based on the differences between the initial and the final bulk density
values for successive dépth increments (Pidgeon and Soane, 1976). This
correction has been employed for measurements of bulk density made over
a period of eight years in a zero-tillage experiment, the final bulk
density profile being umsed as the reference state. At the start of
the period an upward displacement of data points by 3 cm was required
for readings at 33 cm depth (Fig,2). Changes nearer the surface or
later in the sequence of measurements were slight.

Data transformations. Results of bulk density or porosity measurements
may have little interpretive value unless they are expressed as a
dimensionless ratio,such as ‘degree of compactness! (Hﬁkansson 1973) or
*relative compaction? (British Standard Institution 1975), by which the
value is related to that in a reference packing state obtained in a
standard laboratory compaction test. Bulk density results obtained
after different periods of zero-tillage for continuous barley have been
converted to the relative compaction basis (Fig.2) and these show that
in this experiment the cumulative compaction from wheel traffic results
in a progressive increase in relative compaction until a value of sasbout
0.9 is reached (Pidgeon and Soane, 1976).

SOME PRACTICAL ASPECTS OF COMPACTION RESEARCH

It is of interest to explore techniques which could achieve a
reduction or a redistribution of soil compactior under wheels within the
constraints of commercial operations,

Reduction in wheel traffic. From numerous tests in the field we know
that a considerable amount of compaction occurs during wheel traffic
over seedbeds {Fig.1) and at cereal harvest (Fig.3), and the changes in
soil properties occcurring during these operations appear to have a
dominent effect on soil conditions throughout the year (Sosne and
Pidgeon, 1975). Cereal farmers now have the option of reducing the
amount of wheel traffic during the preparation of a seedbed by the
adoption of techniques for reduced or zero-tillage or by linking
traditional implements together (Patterson, 1975).

Redigtribution of compaction. The possible optiocns for obtaining a
redistribution of compaction include spreading the soil responses more
widely and uniformly or, alternatively, concentrating the effect into
narrower bands. The possibility also exists of moving the zone of
maximum compaction to greater or lesgser depths, Thus the effects of
variation in the dimensions, numbers, type and arrangement of wheels
and the inflation pressure of tyres on the nature of the compaction
pattern need to be examined. A more dramatic effeet is likely to
result from the partial or total restriction of wheel traffic to pre-
deternmined locations. ,

We have investigated in the soil tank the changes in distribution
of s0il compaction under the wheels of medium size, lightly ballasted
tractors (MF 165, 2730 kg, L6 kWs DB 990, 26L0 kg, 43 kW) when cage
wheels and normal wheels have been used in varicus ways wnder zero-slip
conditions. The sandy loam soil, estimated to be at 5=10 bar water
tension, was loose to 30 cm depth and compacted to a cone resistance of
about 10 bar below. Fig.l (a~f) illustrates the results obtained for
cone regsistarnce measurements, The addition of a commercial cage wheel
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for six years

(134 cm dia., 38 cm width) to the rear wheel (11-36 tyre)of the MF 165
tractor resulted in a markedly wider distribution of compaction and a
reduction in maximum intensity (compare Fig.L(b) with (a)). The sums
of the compactive effects within the area in which the differences were
significant (3 x) were similar for both tests. The mean increase in
cone resistance (i) was L.7 bar for 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 Shanged by reducing the inflation
pressure of the tyre from 80 kN/m“ to L0 kN/m2., Fig.4(d) shows the
increase in the cone resistance under the cage wheel resulting from the
reduction in tyre inflation pressure, a £0% increase in the sum of the
compaction effect (X x) being obtained although there was no change in
the mean level of compaction. It seems probable that the redistrihution
of compaction achieved by fitting cage wheels, if 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 wheel might require a strengthening of the
cage wheel, its fitting mechanism and possible the tractor back axle,

An experimental cage wheel (140 cm diameter, 38 cm width) was used
as a substitute for the tractor rear wheel {compare Fig.L(f) and (e)).
The sum of compaction effect was incressed by 87% though ¢ decreased
from 1.7 to 1.0 bar, the response being spread out over a much wider
band. There was little difference in ihe average wvalues (f 2.7 bar,
;Ef = 2¢9 bar)o e

When a tyre with normal inflation pressure was run over the wheel
track for a second time the additional compaction, Fig.h(c), was
confined to a band somewhat above the zone of maximum compaction which
occurred during the first pass, an increase of 37% in Z x being
recorded. This tendency for the zone of maximum compaction to
approach the surface with repetitive passage of wheels has also been
found in the field. The compaction effects of the passage of a
combine harvester wheel also depended on the occurrence of previous
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wheel traffic (Fig.3). Soil which has been deep ploughed followed by
100% coverage of wheels during seedbed operations was still in a
readily compactable state at harvest whereas =soil which had remained
uncultivated for six years with barley grown by direct drilling had
sufficient strength to resist further compaction at harvest,

MF 165
B0 kN /m?

fa}

L0 ZXo9h, X 477 T 117 S 98,‘3?1, 22, Op O-‘B ‘ )
MF1 S5
i) 80 KN Jm? S [d) TR
¢ b RE ] JCAGE oy TYRE 4
ol Nl ) Gz

Depth, cm

" DB ogo

W& O\“
N
Olsx,73 %27, 0, 17 "zx,137x¢29 cf1o

0 10 20 30 40 50 60 70 80 960 10 20 30 40 S0 60 70 80 90
Width, cm

Fig. The distribution of increases in cone resistance (bar = 102 x
kN/m< ) resultlng from the passage of a tyre (a avd e), a tyre plus
cage wheel (b), and a cage wheel alone (f). Diagram (c) shows the
additional effect from a second pass of the tyre while d) indicates
the additional effect resultlng from the use of L0 kXN/m“ inflation
pressure instead of 80 kN/m for the tyre when used with a cage wheel
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