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Freface

A oseries of ‘nternatioral soil tillage ¢oaferances have been
grganieec in Wescern furope during the post-wore period, but it

wash ngf vngil arg thke &ch Corference held at Wagoeningea 973 tnat

the IST%0 was properly corstituted, The Teaqulations (et nagej

are 3 resals of the exrensive oreparatory work dono by Prof. Koipares.

The record of che garliar conferences, of which toe firnl O were
arranged in CommedTipn with World Plaughing Contostd, i5 25 Fol lgws:

19548 ar Jppsala, Sweden, organized oy G, Tarstenssan

1958 ar Srutggart-Hohenheir, Western Cetrany, arganized by Praf.
H. Trese. The main theme was pioughing and papers were achlished
in Y Mirseilungen der Daytschen Landwirtschafis-Gacelischafl',
val. 7%, Hafr 1%, 1959,

1962 ar Noorwerch, Mecheclards, organized by Prof. H. Kuipers. Tne
proceedings 'The oh ectives of sgil tillage' were oublispad
in CNetkerlgands Joocnal of Agricultural Science', Vol, 11, No.o X,
tpecizl lssoe 1963, oo, B5-100.

1955  sr Ays, Norusy, o-ganizad by ¥r. . Migs, under the suparyision
af the Zcardiravian Ggeicultyral Research Weorker's Azzociation
[MJF}. The proceedirgs 'Charagterization Preklems in Soii Tillage'
were publisned ir the Swedish journa! "Grynd®rbdttring’, Mei. 1%,
Divisior of 5ail Managerert, Agricultura’ Callege of Sweden,

1972 ar Silsce, Emgland, organized by ®r, W.J). Browon. The mimesgraphee
proceedings ('Tillzge Research Yethods® are awaslable From NoJ.
Zrown Esc., Physics Department, Rothamsted Experimenta’ Statien,
Marperdan, Heris, Crgland, (P-ize £i.15 ine. postage. Remittance
made oJdt o "'N.J, Brown (Sai’ Tillage asfel". F guiside UK pleasze
pay ir sterlirg ciraugh a Landan Bani .

1973 ar Wageringen, detherlands, arganized by Frof, H. Ruipers. A
rireggrapned sueary af papers is availbable.

bt ceen from tha |isT abows, tne way of publishing the conference
proceadings nas waried, and is a matter aof the crganizer. To
facilizate bibliagranhic notatiga, we intiude The proceedings of
the present coofercece 0 gur series af miresqraphed reports, Rost
of theso reparls ate available aa requast.

THe pagers suamitted Ta us covar 3 wide area of sorl t°Ylage research,
the rain togpics beirg lillage arablems im plgughless farming systems,
smil corpaction and plaats growth, and physica” properties of soils ard
serformarce of tillage tools. The papers are pek ished in alphaberical
arder.

YWe are indebted to the Hinistry of Agriculture For che Finacial aid

and to the University of Uppsala, the Agriculrora’ Coliege oF Sweden,

the county agrizultura’ bgards and the differeat instbibtetes and companies
for the faciiities previded. Finaily we are agratefu’ 1o ali celleagees
for the generous he'p in preparing the conference.

Feijc H=zinonen Leanart Heariks=on
Chairman of ths Bgard of i§TRE  Secretary of the Board of ISTRE






internationaal agrarisch centrum

IMNTERMETIQMAL AGRCULTUAL CENTHE
CENTRE ASRICOLE INTERNATIGMAL
INTEANATIONALES AGRAR ZEMHTALM

wageningen, Hepterber 27, E5/73

Regulations of the International 5oil Tillage Research Organization, accepred
during the Bth Conference, September 25 - 27, 1973, at Wageningen, the Reiherlards,

10,

Tne Zommittee in charge

. The objectiva of the Internatiomal Soil Tillage Research Orgarization is fo

promote contacte between soil tillage research workers by inditiating conde-
rences and eventually by other mans.

. The Board of the organization & farmed Dy the pest, present and mext president

and two other members, who cerve utill the next conforence.

The president 15 in charge of the crganization aof the mext conference. He

Cochppses ong 0f these prier two sember: of the Bpard orafarably in his own

country, who will act 2= secretary of the I.5.T.R.0.

. The fifth member of the fpard 32 preposed oy the Board or by participants

of the conference,. He may interchange his function with that of the next
president, 17 that ieemi to be zppropriate.

. Aall participants of the conferénce czn meke proposals for eTection to fill

vacancice in the Goard and for changes in tne soard.

. Al participants of the confergnce have the right of voting.

. The president i= free to organtze the confarence as sess to be appropriate

dnd to ccoperate With aothar organizations. He is responsible for inforaing
the deard on 05 major activities.

I¥ possible conferences snould be neld at Jegst once every three years.

17 the president is unable to organize ihe conference he consulis the Goard
and the Ecard Ras the right t9 regrganize jtself.

Mecpers of the organization are parti¢ipants of the conferences involwed in
tillage researcn and tillage research workers that apply for sembership.
A11 memoers are inwited to conferenges,

af
M.J. Brown (L.K.) /
Dr. W. Creratzki {Eﬁm ,,1 e '

AL
Frof Dr, R, H2inonen {Sweden) ¢ t e ﬂL'

.1-""1: N— e — _
- -\_I—'_-_._._'_'_'_'
Prof.iir. H. Kuipers [Tne HEthEPaan?jiﬂﬂ,ﬂ;r‘“‘_;'rf_- )
. - Cooa s
Peof . Dr, 4 ali . e . ot .
FI5TALS BA. '!'l'.iE.E"\-II".EE'-. M'=DFHE&.'£JUJD5_I&'J~E‘II TELEFOMHA 1S C-1004E, FE_LGH, 1MTa5






The ek Comicoenmoe of the Iacernaclanzl S5ail Tillsc:- Research
Organizacion, Swaden. L3776,

FIEDEED  FREFARATION FOR DPFTIMCM TEMPLRATURE, MOISTURAE, ALRATTION,
AND WECHANTICAL 1¥PEDANCER

ftecher B, Affleck, Doa Kirkhan, azd Weslew ¥ Bochele b
Towa $tate Ceiversity, Ames, Towa 3001

ASSTEACY

A tillage metnod iz presented for ootimizicy sead3ed pregararicn
by plantiong cn the sides of sloged vidges, Temperature, mBisture,
aeraticn, acd mechanical iogedance effeccs are centrclled b confizu-
raticn acd directisn of che ridge and by the use and lecatien of the
seed vaw press wheels. The methed nedges agains: either a «et ar a

vy spring after planting. Twe years of results of repifcaved fivld

tests on =aixe (Zea mavs, L.) are presented. TFaster emergence. higher
srands, and statistically significant yieZd incredses up e 1685 kptha
are repar=ed for the oprimized methed owver cooventizmal flut planting
ana top—af-ridege planting wethods,

IETROOECTION, THE TILLAGE SesTeM

Four =gil physical faciars that pavern pisnsd groweh are Lezpera-
Latye, Eoistucy, avcatlon, ans =cchapical impedance.  Much swsagk has
Yeun dane observing end specifving ihe conditions necessarvy for plan:
growth, wepeniazliy during persinziion and ewmergence.  See 5..0. Rich
ards et al, (1952}, p. 366, for temperatuze siudv; see L.A- Bichards
and Wadleigh {1952}, pp. EL3-Z217, for molsture study, see Wesseling
acd van Wijx (L337Y, oo, 46E6-448, for zevacion scudy: see Phillips and
Nirskem (1%952) {or mechaslesl icpedzace study: see Bowen and Coble
(1247 [or a scudy oo Lieicing walues of all four faceovs. Additiopal
teferences a3a3d reviews sre inm Shaw (1932), Jazobsonm [cee Bowen and Co-
3le (1967} refevenes], Kirkhao (1773}, and Rrkhros: ec 2i. (19735,

In ehis psper, we describe 2 ceedbed  prepartation mecshod intended
te ocptimize zoll temwzeracwra, soll moiacwere, and aerscien, wiiile =re-
viding lew mecharieal impedance Zor seedling growthy. Oer work das
bees doog op mafze [(2ea navs, L.), che principal evop of che Soreh
Centtal pact of Lhe Caited SCaCes of America. Toa Stare of Iowa @ners
Ciig work was doneg, 1s 300 bk west of Chicago, Illineois, Towi
mos & surhumid climece, the phecipitalion zvetgges 75 4o pet vear, and
manl of Ene presipitztion escurs As rzin in tha g¥owing seagan. [rei-
garicn is oot pracficed. Plaatiag of maiee sormdlly pegics asour che
Ist re che 10th of May. Ta Pecent yoars, snphasia has been slaced by
Ioara's Amcicaliecal Exrensior specialises o2 plastizy maiza as early
ag peazizle.  Early planting provides far o lopger growiag feason if
e £oll is suffiziencly wees. WLER che lonper growing season, gTeater
vialds tesale.

Fig. | shows a sloped=tridge plancinpg S¥ECel thag we vasd to iocrease

Alouraal Pamer Wo, J- 3528 of the Iowe agriculture and Home Toonenics
Exgerimeat Sracios, Amcs, Lewa. Proiecrcs We. LESE, Z0ES, ard 1941,

Fledaaten Associdbe, Distizgeizied Profassor of Agroncoy. and Profes-—
gor of Agricualicral Engineceriag, Lowz Stace Coiversicy, azas, lowa.

1:1
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Pig. 1. Ozcimized Seedcbed FPlaccicg Syzien

saL) temperaturc for early spring planting and te optimire =scil modis-
ture and aeration and provide low mechanical lwpedance. Seeds aro
pianted on the south slopes of Tidges that run im &an east-Lo-west di-
rection. The south slope s shown dncercepring che sunm's yavs pecpen-
dizularily, which is che candician far maxicuws ¢nergy iniefcoption and
soil warmch. The sun's angle 2o the horizemcal was 607 a: ooonm on
aoril LE aad showed that the shope of the seedbed was besc at 307 o
tre korironcal. The angle wag =eggured by peointing one eod of a ol
toewards the sun, the ogher end oF che vod Seing Tixed at the ground
Eugfac&- Ko shodow was casd on the ground atb a zod zlope of

557 from che wvaycical- Tables of che 2va's angles are availavle {En-
tel and Takle, 15752, The zystem of Fig. 1 kax poen designed to opti-
wize soil moisrate and aetaticn under the climatic extremes of poth
et and dry springs. Fer a wet spring, the furrows provide drainape
of gxegss water and needed aeraticn. The seeds are zlanted above tha
{urrpw bottoms sc that the seed envirenmernt will not be waterlagged,
Tor a dry Spring, woistere wust rcach the seeds frem below the plant-
Ing depth, and our design vses compadtiecn of the seil crumbs to pro-
wide better vpward flew eof capillary water te the seeds. In Fig., 1
az¢ shown two rib press wheels 10 cw wide, <hich fellew the tractor-
Zrayn planter. These preszs wheels are shown upslope frow the szeeds,
wE alzo pave tested the rib press wheels downslope from the seed row.
Further, we have used a concave pres:2 Wwheel 25 cm wide directly awar
the =eed TOW. Eoth press wheeles are commercially awvailable from tha
Jonm Deere Cozpany. The compaction by the rib pres:= wheel ie greater
thanm that oy the conrcawe presc wheel., EBoth compact the 501l erumbs in
the scedbed  eo epable ezsier capillary rise of subsurface water to
Ene: seedc in 3 dry spriog aod at the saze time form a packed soil lav-
T at rthe surfzce to reduce coisture loss by evaporation. The rib an
the press wneel in Fig.l cakes 3 small, nighly cozpacted furrow next
Lo the seed tew. During & sherc, high=imcensiey rain, *this small fur-
Tow canm collect water to provide needed moisture Lo ¢he seeds in a dry
soring. The furrew doss aorC cawvze warterlosgeping sround che zeseds be-
cause good draisage is provided "y the leose soil to the furrows on
either 3aide of tkae ridge, Ie our tillapge svstem, we use no Cculbiva-
ticn after placticg; weed control is by chexzical sprariag- AHll apée-
ationz are by tractor=drava machipery, as iw large-scale farming.

BIELLTS AxD DISCUSSTON

We hawe chtaised two vearz of field data for tke sloped=ridge



placting systew of Fig. 1. The fivac year, 1974, we coapared cwo var:
iatiens of gipnad-ridoe slantiag with Slat and top-oi-ridge plazciog.
Cepos gostiens: of the Erur Treatpeats as acteally weasured in the

FLaT PLANTING
COkialve PRESS WHEEL

—
15 .M -

TCP-0F-RIDGE FPLANRYING
COSCAVE PREES WHEEL

— -

15 2
SLOFPED=RIDCE FLANTING
CORCAVE PREGRE WHECZL 18
CH
—_—
15 ¢ . .

SLOPEJ-RINGE FLANTIXNG
RIB FREZS WHEEL

Flg. 2. Meagetred Crozs Secclons of Four Plaacing TreacTests

field gze shown In Fig. 2. HYoce chat the concave press wheal was ased
cver the seed row in three of he creatcenes, We planted siy replicates
of the four trextments in a stariscical, randomiwed-block  desipn.
Zach olock was divided inte (wo Ralves, one falf plasnted Asril 18, the
obftt 2alf planted Mar 15, 1%74. Esed Slocy was planted with all four
LeedlmeEDLSs, Zoue Tows pef LFeab=enc, and fontaimed 1h =ous . Rows ware
e long and 75 eo gpart,. Maize S4eds worve planted 19 oo apart io
the rgvws. Dabta weTe Caven oan Lhe T4N0eY Ino Tows of esch LTeablment ko
teduce edpe effecrcs of one Cresthent on anorher. The laad was cile-
drainad, and the blocks wera laid oub s¢ btiac che Eile draicage would
e eqeal for zach block aad for each fout-row Creatment,

In che following, desipgnations such as S3C0 and THG =re used Sor
srevicy, £o 2escribe creacmencs, These desipgazcions are piven in
Table I. (Yorce, %% = zloped Tid€ge. CO = compazecion over the seed tow.
ate ) o 14874, maize plached Anril 18 gave averape vwields for sleooed-
ridge planting (3800 and 320U of S303 and 9030 xf/ha; too-cf-ridge
slaating (TRCO), of 8832 rgfnal and flat olazcleg {FE2), of 350% ks'Ro.
The differvences in wizlds boelwesr sloped=ridze planting and flat
nlanting, B0l and 543 xglna. were sCatiscically Sigaliicane. Haize



TEbEe 1

1974 and 1915 Yields, Final Stands, and Ezerpence Rates for Meiszc on Slaped Ridmos wetsue Othot Planting {eeatmenty

_— - —— . - — —— —————————— s | T — ——— — —=—

Ko Desdgng- Treebiment Ticld Final Stamck Finctgence Rata
tion Deecriptlon . Akgfhal {plantafha} {laye to tench 7538 cmerpoened
1974 1974 197% 1974 1974 197% 1974 1974 1975
(Eorly){Latc) (Early}¢Lalke) ¢Eerly] dlatc}
Slopal-Hidge Planting *
1 SRCO Concave press wheel 9303a 79%44 5613a 5505%3a SEE4%n  GO437a 1Y T.5 B
compaction over Aecds
2 SRCO Rib press wheel compac- onsda  7471a 521%al 535408 S52%4e 50329110, 13 2.4 q
Ficm upxlope fvom seeids
1 5ich  Rib press wheel compac- nen L= 12 7ab ~rn s 51824k - -—- 9
Livo dowmsloss from seeds
T BRHG Ha prezs whoel compacllon ——— -—— 51%%7ak —— - HELFER - a— n
Top-af-Ridee Planting
3 Taecin Coneive press wheel £332ah M1%a  39Elcd J1786a 56490k  SES6 13 1 8
compactlon over seeds
G TRHC Ho press wheel compactilon -— —— A58 -— —— A23%Eo -— - 0,5
Flar PEanting
¥ FCo Copeave prass vheel 850¢b  BOS5SH: 4598k 44531k 57048 S6T9a | 10, 5% F.o
compaction ovet sceds
B FuC Mo press wheel compactien  --- w—— 590 7ad —— - L0654 - -— 10,5

Meane mot sharlng che sdne letrerda,b,c¢,d} differ Erom cach othert signdficaatly sk the 3 inecdl of probakildey,
Watee: 1. Ylelds of paize are calewlated at 15.5% molsgture content.

2. TPiloncing cote was BEESE scedfha of Trofan TX1L13 {116 day) matze.

1, Fercllization was LBE-168-16E kafha of H=-P O _-¥. 0 fn 1974: LI5—&T-20 kp/ha in 1375,

G, [forbicido was 2,24 + .24 Regfha of Arvazing dgd Alachlor In 1974 Arrsastee anedl Cyvaonzipe 1p 1975,

W



rslantad Mav 15 ol chac same yeary gave =ignilicanclr lesser yields, 7o
Co SOZ8 rkegfha, DUt with na significant ditferences scong the fowur
Treatments.- ihese rvesults iadicated, as exoecced, that eartlier plant-
ing would give greater wielcs chars later olanticg acd that the warmth
banefit for the aarly wlanted sxlepad ridges would itergase yvialds,
Eviderca that the geed enwvrirocmernic was actuaally warmer e cha sloped
ridges was okcalaed by iasartisg therocmereres 7.3 om desp aleng the
seed rows ard coserviag daily cemoeratoeras. AEL&rnuunGLemperatures in
early May in the sloaped=ridge seed raws were ghaut 1.5 8 nigher than
the tesperatures in the flat acd top-of-ridge slanted szeed raws.

In 2994, Tain conditicns were wery gogd derioeg the geroination
and ez2ezgence periods far both alantings; 5.6 ¢m of raia felil April
WeZ2, and 3.3 cm fell Hay 16-~13; coazequently, we expected littlz mois-
ture benefit on fhe sloped ridges wersus the gther treatments. Later
rainfall was noc heavy enough ra cauce warcerlegeing of -he fiels,
whecher vidged or {lag.

Im 1975, wac field condicioms precliunded am ear_y plancting, so we
included four new cysarmencs wich <he four previous’» used ans planced
2ll etghr —vearmencs: on Meay 13, che earliest daze chat condictions
would per=fr., The fouy added yearmenis werars

1. Eloped-ridge plancing, ris wsheal dowaslepe Stom seeds (SRCDY

2. Slopad-ridgs plancing, no proefs wheasl [(SRHEI)

3. Top-of-tidge plascing, oo prass bReel (TREC)

4. Flar plangisg, 20 pross whieel (FAC
Yields were 1855 in 1975 beszuse wo apalied less Foarcilicer and He-
cause [hé nerbleide rrearment war lass elfasrpive i conrrolling weeds
bacaizs of a 15-dar Jyy pericd after herbicife applizalion. ooy con=
ditiens in July deripg siliiag probably also were a facror. We did
chrtain lasger differcnces ameng reedomach yiclds e 1975 rhao were
Eazed im 1974, SRCO and £R00 gave 5613 and 5715 wglha, TRCD gawa 98]
kpffa, and FOO gave 48%E xgfha,  SRGD aed SROC rields avercaged togech-
ey ware significantly higher than eithey TROP viclds (1685 epfha 2if-
ference), or FOO wields (7A8 kagfha difference). Treatment SRCH, with
the zib press <hael dovnslope from tne Heed row, gave the ETEACESE
vield, &127 kgfha, but this was cot significantly g2 ferent from The
ethor sleped=ridge treatmert rields. 7The treatmepbs with an aress
wieel, SRENC, TRSD, and FEC, fave vields of 3199, 355F, apd 3907 kzfnas,
a,l af which were lowey, but mat sagnaficantly, than fay corresponding
treatoents in which press whoals weve uzed.

The large differences ameong vields for the treatBents Zn L9735 =ay
have been caused by the 13~dzv dry pericd immediatelw a2ffer planc-
ing- Measurements af secil meisture AT Seed depth 13 davs aftoer plans-
ing showed average woisture lewels for all the treatments excapt FC
and TRENC o he berween 25 and 27 percunt oan a drv-weighe basi=s.  The
FXC and TRAC treaccents, which gave zhe Zowest wieids and stands,
averaged Ziemand 2Z-pevoent moisture. Yhe freatwmenis compacted by the
cancave press wheel ower the seed voaw, SRIQ, TRIO, and TCJ, gave fas-
ter exzergence and significantly Zreaterstands than the other treat-
=ents. SRCL and SRCD, with rib pross <heel compaction ta the sides of
the zeed rows, gave che greatestviclds,but hed cignificancly smdller
£iznds chan SRCO, TRCO, or FOO. Wwe belicve £hae che lack of compac—
Lilan over She seeds: Zor ERCU ang ERECH cduls have vetarded eceTEERNCE
ane redoced stand early in che ceasan bicause of zoictuve evaparsfion
frow the scil over che ceeds but thei, Later In che seacon, the Tid
wheel pompaciion by che zeed row providfed herter capillary fiow af wa-
ter Lo EMe plancs froe Selow and icproved their vield.

The tesulcs presesced indicste that seedbeds <an he onbicized Lo
obcain Righer ylelds by using sloped rideec and spesidl compaction
nrocaduvas. Fress wheels were uced for iwo purposes: 1) o prorote
capillasy vige of =aissuve co che seeds in = dry spring oand 20 e

1:&



compact the serfasce layey of so0il above the seuds Zor Tedoctiom of
cofsfure ioss in wvapor form. Te avodd drovghtiness in 2loped edidges,
seeds weye plantsd aleng the slepe of the rides, not st the fop, but
whére thoe =eeds would br above the bottomz of che drainape Purrows.
Foom our Tesults, we see 3 need to Cest the effest of coopacticm
Wwith the concave press wheel ovey the seeds, ¢ombined with coopaction
by the »ib press vheel an ane o2 boch z2ides of che seeds.  We beliewve
thiz treatment will vesalg in larger stands during doy springs. We
intend alsa o invescigave in furcther work the effects of €iffeTent
so0il types, differeat <rops, 4and planting in other than easc-to-wesk
diveccions becacse some fields cannob he planted esast Eo wesk. He
incesd o obiain more datd on témperature, moisture, aeratiom, and
compacCion of the seil. Ie the 1974 and 1375 plantings, we uzad
several oporaticns iz making sloped ridges and had to run che
planting equipment io ocly onc dirgction. We are presently desimm=
ing field equipmert that will beild vidges ared plane i the same
eperaticn @nd that can operate in Both directions ia a field.
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SOIL SOWMPACTICE AT SNALLOW DEPTHS AND IRCEF GRAATH

h. P, dprgwml, 5oi] Physieict,
Department of 301l Seience,
Agryana Aeril. Tniveraity,
Hizaar iHgrpana’) - India.

ARG TR ACT :

Effect of artificisl ccmpect layers at czhallow dapth oo the
gronth and yiald of irrigsted orape [ malze, whezt, pearl-millet,
apatard, presn pram and plgecn pes § o dnvestigated An fiald wlere—
plots mm g 1e8m ol hes been reoerted, The prop grovth and Tields
wore adversely affocted by & compact ioyer ab shallow derkh. Te
coppons ate the earTly zet beek in prowth by coppect leTer, roct znd
plact greuvth continued for lomger ti=e, The reduction in the yisld
of cored]l orTeps wed lezser than that of the othar props atedied,
The rezults coggZest that the cropa baving tap root =yziom ére coTe
zuscapiible o apb-zurface comuaction at shzllow depthz than ceret-
Iz crops bAving flbrowd root system,

[ S —

INTRGOTITICN

Machanics]l manipulstich of zofl ferms a comoast layer 1n
root zome At shellew depth, In =zeils beving soch a compact laver,
roct zrowth and sctlzity may he raatricted 4z a reanlt of mechoni-
cal $mpedence (Barlay, 196%; Sengwan st gl. 1974), insafficient
geration { Hlekmar ot g], 1965 ) and reduced uptake of uudrients
{ Zhanea gt 51, 1974; Fruemel, 1975 J. The regtricted roct daweler-
went mav reduge plsnt grovthk ecd vield of crops., Under the situe-
ticn, 1s it Decessaty to loose the demse sub-zoll by dzep plough-
irg te sosure mexisum vield

#t present, little F;TﬂF!‘E-EIH hes bean made townrd B qmdcti-
tative avalimticn of the allowable lindts of compect layer =i
shallow depth for diferent crops. With thlas view, this study wee
wpdertaken to investipele the effert of = compact laysr 4t shalle
devth on the grawth and yleld of reme Irripated cropa.



MATERIALS JMND METH{NS:

Beplicated fleld miero-plot experiments were coodacted op
Hizzar letm seil {81% =and,, 21% 311t snd 18% clay) from 1970 o
1974 with whaet, madze, pearl pillelt, zuatard, green g-am and
Flpscr pen. The pH and ZC of 172 apll water suspensicn snd extract
were 8,4 and .6 mmhosfem at 2570, respectively. The acli reteined
1E and 7 per cent zoisture at 1/3rd and 15 bar, resavectiveiy, Tlhpea
sub—gorfacs coapacticn trestwmenta ware:

1), Ho compacticn (bulk density 1.4/1.5 gfns 1,
19}, Medevate cempacticn (1,5/1.7 gfew’), and

111), Severs capactlon (1.8/1.8 g.-"'cnﬁ} ag & 5 cm thin compact
Jayer within 25 = of root rona, The tnlk demsity of norwal seil
vas arotmd 1,435 g_,-’cuﬁi The compsct Iayer of desired bulk densitry
wea repared anta)ly with ecist soll { 17-18 por cent molstors }
bafore sowing of grops.

Flept haight wvas Tecorded oo different dates asz growkth index,
faot poneirgtien was delormined, sither by plécecsot of SEP below
the compsct lover | Senmewn at al. 1574; dgaruel gt al. 1975 ) or
by excavetlion Snd weabing, Final vield of crafn gud stelk was
roogrded Bnd parcantpge rodoction in grelp viald over oo compactlon
and moderete cmpaetion wans calenleted,

HESTLTS AND MISLOESI0N1T

1), OCppp growth:- Crop growth reapmtded wery clearly to scb-sur—
fAee compantion [ Teble 1), Tha aignificant differences in Meleht
of malaa, pearl millat and mustard at three, [owr épnd elght weaks
after sewing In prazence of comphet layer shows Bn adverze affect
o1 cerly growth, The di ffersnces in malze and pesr] millet wers
not zigniffcent at te:ll weeks Aftar ascwing, wheress alpnifieanmi
differemegs exigbed at alewan woeks after sowing in eusterd, Thix
envinages thet erops with tp root systek are mere susseptibla

ty sub-surfece compachion st shallew depth then ceresl crops 1iks
nilze apd pearl millst with fibrovs reot system, Samgwse gf al.
(1974} conjectured that hard sub—sell horizess will do more herz
to laguzes cempeted to seresls having flkroms root sygbax Flent
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belght =t alx weaks Aftor sowipg wea redused significemtly in
eresn grem and pgectt peR by & sowpact leyer at shellow depth,

Tebla 1. Flant growth as affested by agh-aurfsce soapastion in

aTopd,

Fo.of —FPIAET Belght lom) =T
H - [
Crep :Eka “fter _ Sthegurface ccmpaetion ut
awing. Ne. MedaTeta Sevare L

Conl g compactieon  coaphaa-

tion. tion.,

Haize {1571) L 15.8 =1 4 S YT
10 20, T 19,7 1760 X3,
Fparl millist 4 86,9 TEA 2.9 C.l8
{1972) 1t 11,5 176 .4 i58.F  H,.S.
Mustard (1373) B 7.1 29,0 1.0 2.4
pa | e EE.5 76,7 7.5
Greon grim (1574} & 48,0 42.0 0,0 5,3
Fipgon Fea (1974) & 68,0 550 5,0 B2

Dopth of rocting appeara to be & foootion of plapt hadght
{Childyel ot al. 1974). Senpgwam of gl. (1974) and dgrawal st al.
{1975} raported a comalderabls deacrezsze ip ipitial rooct panstire-
ticn whan & 5 oo thiek berd pan of 1.6A.7 mnd 1,.8/1.5 gf&:s
bulk denaity wAx pressnt within 25 s of root zohm, SHth tima,
more ootz pemetrsted throvgh kRard pan, perticalarly ln cersdls.
Dasrenaa in root pepetTation ir preaence of & RATd pan wes nore
in erops with tap roct ayptem than in cereals (Sompwan of_al.
1974}, Root pamstration &9 medsured by “oF setivity in plants
(wheat, barkey, chick pes and pea } on dtffwrent diys &fter
germinaticn 1z ahcwn 1 table 2, Whoet snd baTley seem to be
mora bolerant to mechanicnl impedencs in indtisl erewih stapes
then pes md =hick pes, & rastricted root growih ooder 2ub—
surfice compiotlion, may limits the uptake of mutrients. Friad
and Brosghgrt (1957), and Dipielapn (1972] Teporied redered
orteks of phoapbeta co poor struciure solls rastrieting root
growth,
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wed wth ront precth,

Tazle 2, Cealn and gtalk wield of oveps as affected 7 suboro Taoe

conpastion.
Grap Tield (p/-2)
i b curfioe sgomoast]or e
Ko olaratp Jprare et
COMEE Cm gokTe ot AGCpAD. Ek
tilor: Yoo tior
Ahext Cralm I TER Lo N3
(1oFa} Stalk 50 TE8 44 I3,
Eaizae firain - E| 592 233 3,
l1g71l gl z182 1747 1AEG o8,
Fearl millet Trafn 158 708 5 k.2,
{1a72} Stalk DTER, TERE 160 EQC
Mugterd rraly 147 al &0 22,2
(1973} Stale ¥ 433 Ao 119,
rrasn gram -rain 1450 = 93 T
L1974} Statk 73 102 TE 18,5
Fiewry Fzg Cratn 4 L5 AT 11,7
{1orad Stalk 572 it 2E 20,5

The redectfen 1o the grein yleic of mmsterd, green gra-
fod paon ped wee of the order of I0-AC per cent et coderdte Tevel
of sub=gurfece coxpiotlce, wvhergas In ceresls withe™ there was me
rield reductlon or upto & per cent &t Lthis sub=surfBce noopsolichd
(Table 4., TFriksr &t al. {1675] rerarted oo adveree elffect of

dacse layer et 87-05 o dapbi oo the wield of irrlgated whest,

Takiz 4, Tield redoction ) et zoderate epd zavere sub-au~Face

eeemaction.

Grona Fadurtlcn st Fedwpetico et Reduction
oodeTale Ccot=  EETRTE gompe= 4% severe
otrcticn over ctico over so=zpact Lon

entTol, eontTel, orer reder-
&8te Compaos=
ico.,

Theat (187C, t1E.2 4,7 L

¥alze {197Ls 14,0 3C. 2 30,3

Fgarl willet 11272) I.8 z, Bl F

Tustard (1573) 35.l =g,? 36,2

Greean grém (1a?4: Si.d i 45,7 13,2

Figear Fes {19744 24,1 TZ,.4 5,8

+ d{eonten rercent:ss: Inovatas,

25



v o3zvers suleswriEce corrastiom, the ooeln yledd of crers medusnd
Lok the reductions were of the srder of 4070 rer sezd In crorr ufts
“ornoroot gyster. The reduetiom 4 melze 2nd cearl S111a% img ot b
cedem of 25 te 30 per gext 3t Fhis subosurioza semoestlen, The gre--
Ter wield rajusticn in oreps oAth tar root Erestom o mthritutad e
tia Mmited rant zone or poor contset of —nch: ef4n aod) naTticTos

-

A7 wme tap reol Srovth iTRENISRTIF osesos whes encoumters o Bie)

stwenmpti Mo at =zaflew deptik, Wilight of cusiard rocts 2t flove-iog
wez He7, 0.2 =md b,V /plect 91 oo compeabicn, Toderat: ond sevave
oemrhction, respestlvaly,  The lster=l groth of ractc aver hprd-

ven was mack rore I gereels them in legswres iigrawal gt sl, 197E:
Senzwar af B 1374

to refuoe the mirses Jlewvel b kichk fhe plasnt eold oMalned water

fad this Ingrenged root prollferetlon epreste

T

supply ead nuirkmts, Lewrw gt gl. (1970 reoorted mastripted
wWitar aup-Iy Ae ta liwited rootico volume tmazr sob-auvfese aompia-
tizn, The effact af suiesurfoes oomrheticm sn plset preoocth 23 plel:
certlaglasle i1 ceweals pxpld e =pduced br higker putrlent d=peol-
zms ond frequent Irzlorti-ms, but eraps with ter voob gyaten Te
erpided o deep tillere £ Bregk thg Ra-d g2 be prasti=zed for rrea—

Lo wield,

O VT A M E TS

At hor 4z tharkful teo 1), Indisc Spizmell of Arplenlfir-1
Epcetrekr, ligy Calbi, for financis]l assicience mmler Izvrove-
ment of Spi’ Fhyalesl ecoditions ftc lneremase prodegtice of
rresleratic srees projfect snd i), Frofessor £ Besd, Dartt,
of 3oils, axd Ji-ector of Teaedreh, darrems ferleltoral
olverstty, tlasar, foo= their keen Interest.
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abe Tin Donference of the Zatcr—atiocal Soil
L) =

reandzatisa, Swcren, LETI.

age Sazearch

m 4w CrmmiTrs agriteo e Giemoves pop ween .
SORTLLLATE FRISUITIOD MAUTAGIVELT BYEITNLE TOE RITTL TCORERACY

0. L. benmect  E. L. o datiles wnd B oo, Lundberg
ZE28-2RE, Tiviclew of Flart Soierczer, wect Vipginle Unlvergicy,

.y A - . "
?brg=ttcwt, Jest Virgicia 24504,

1i srudies ware ronduetel in The APCElachisl oowitalino area

to datermiep Tpe ressikil’y of g“a: nE ocnrmn oHes Bays 1.o), a sorghun
gudan hiperid (Soociis alepense UL, ) Fera. vawriety Bufax, and other
Flant srxecles Ir scuz =f severa’ grass smecles. The spgective wes io
Aeoelon Catape—ens sysiters in wRich roar crors cEm Ge growm in soi
EWrmrenzad Uy nerbizliss To provide & coctinucuss eover For water
ratertion end roduced soil erasizn. Sllege yis ds of povm end suday
Irawn i osappreszed sois of 52495th Droregraz:s (Srodas insymia Leyez, ),
orsharfEriats {,a=t-*is Z.ooeTeba L., end -3l w2l Tescue (FEESuC
Fracdipepes Sobkrab, wEs oeddal T 0r EUEETEr Shan vigids Wit oone-
ventional b tillage. Ti::z*" Dhleum prezerse Lojoerd nluegrans (Foas

o
Fl - k] P - -
DLATEISIS L. ) ware Ki_lad with low norsicoife raitecs,
TUTRCToITTI N

Redueel or wn—tillage sorr profuctiss systens kavwe beer stodjied
Ly BeVCral werhews 1, 3,04, 4, T, 2. Most of Lhess givdles wer
condicted it prgvionsly piloed 3ol Gr 2o Corn stvILe oo T1as5S 2 or
1 Zand. I RIL1y terrain, no-tilloge ayndess ot signilicuniiy
saduce ranofl and erosise until the RIlle=d grass =pich 13 Tost, tuk
then the area mizt be seseeded o preveut =major soll erazicn 12, 3,
Siv Therslfire, a mo=tillage svster wIth e suprressed, ratier iher a
Rilled, =203 woulld be Dignly desirelle. In develsbing 5239 & padtageo
Dont o aysves, Sheg gaslice 7 a3l smegles s o predoeipaot Faotor. For
hilly err&i: grazs smegples Thet have g wadg herhisido Solcrenne
ronge wnl cem versin secidemmant Jov lmg o werlods snd fhen raptlla
Pegorer mre Aizniy dezivenle 2, 3.

NPRTEENTET FSIED T

Tiell studles were zomilgned fror 1966 fo 1955 in Wesr Virpinim
Grnoa Uitlio Harpiudedls, Zime-doamy, plues ) mpesto goil to o dedorgiie the
ellext of two pates of atrezis :;,T arc 3.5 gz na] wisk .36 xgiha
el parauat o silage rilelds oF corpg to-t 10 3lAnted In Siostl Dreocs-
gracs [Sremus impesmis Lowss, | srobardgrass (Doctvi:s Zozeroka Lo,
timothy (Zaleum pratemss L., Np-32 rall Jescue [festuca awakdineges
Ec:r“t,, Zr dentucky Dluegrass (Joa pratensls L_]. ; snlit Lot
guroriconiel Zesigry wac used Inmowihich e33 gpecias ang ,i,hage B2 Tdms
WEIo Tuin nloss awd TAZIAS rates Yena ELFP,G,U. Eachn = o™ nad fiva
Yanlliowllions, ZEF was n=rvesTed atwadlly ia Hay ona nmiots ware
Yorziliazs ;rzf“=5“y WLt 2 wrpafrast applieatizn arl 112, 47, and
Y2 aginme o 0, P, 29d ¥, Hew Jeesey-3 waristy fiels oovn wis
Flinteld om CJ.E 5 1288, eed Jome 170 1967 with 4 freaisliay ﬁEEig:fi
523 plaviar, vIl'-'°h.---'E! -..."I-'“ FarihcLy Wl ,‘_‘m‘.‘l,_j,c_. icwdiatels 2fter
n_ERLINI.

A enond 2Tudy was somfusmes e 1962 and J06G rear MdorgsoTonn.,
wWest irZinia to determiad The 2flwot on sllage ieid of removing
ToE heyr vs. Leeving IT oam s owmolol. 2w Jermpepr-Dousariets of Tisla
2are wes mo-till plarmed ik Juam oar 30,900 plactste dn Evoe3l tell
Jegcue i OroRATARTASS 500 o1 &n Afuic flapiocult ) ciaver, —ixol,

v pd (3 e e _ - .

Zegila gnhi]l with a 1583e sioze-.  Jredfizents Inesloded twe rates 28
s ' ol o T Lo T g o -

asrazine (2,24 2 4,42 X5/ ar In comsicatisos Witk Ytwo rates &8

-

wardaguats (0LES skt .6 2z/Rar on each soi specisg bota with ans



without Zay fecoved, & fzlit-pilot Sesiinm witn four replications was
soed with 2of swepies mp oxEin ploths, oubiing trestrcents of foragae oo
TEDTlots, BT ReTDhLIIEE TALOS 45 Sehesudpoots. al) plots were Ser-
+ilized urlrb*:_" with & prosinasd a;p;ia*'ia“ af 18, &, and 972

Az ne af N, P, and K. Torm wan sarvested for oadlasge wien in thoe late
fospn shoge .

A tnird snudy var conduanted e 1RTO-TE of an Aqudc Tragiuﬁults,
fine-loamy, wled, egiz s0il wits & 125 2lope to deversine effect of
etrazine rates on a:a;egrass Ady yields aod silage wields of goro ao-
:ELL ,_Pﬂueﬂ in broomecross aod, it“azi:e vas arpiied at I.G8, Z.24,

81, .38, 3,98, eai L, i3 Pg-'= with 0,30 hﬁffa of peraguat, A orco
ﬂf hﬁy was rann"ei sevoatly snd the sres fertilized with 224, T2, ead
1My wpfhe o2 NP, anid K. Plots wers tren sprered witkE aparoariste
Lerbioids rzoez and alested to 83-385 sawiecy of feld core. A
rarsomtzed ccrplete biask sywerimental desipgn wita four reolicetions
Fas 153 l.,.l\_..

A Tourtt stady was condusted in 6% and 1370 to dctercine the
potential of interseecdicg Sudiw (3orghus halesende (L, ) Pﬁr&., a
sorghuo=sucan nrbric. fohbo stands oF Hy-31 tell resegs, orgkarigrass,
o Limobhy without RIZIicE the Svassses.  Faesoues was uged gt 0,
D.28, and CUI6 kgSre e e rarfocizef pomplete Slock dssdign with four
replisationg.  Zodew wen wlanted Ik 35-c- pows as she rate of 22
Egdbu e acgest 15, I96%, and June LT, 1973, using & sod hlante“

Ore harvest was #ade fn 1558 and twe in 972, Waelj Jetevminasi
arz baszed oo plant sasplis oven 1:1&1 am (5 2. Plots wers fertilizei
casn year with UG, Fe, a=d 29 kgfhe of N, F, oerd X

IEZLIS LT ﬂIS“UnSIGT

ol BT, umirora poplilazions of aoen ware abhainad dno
41 God gspenies.  JoTn grew TR0ter iv orogmsgrass sod tnen in god ar
+her Erazs spooiscs Boin yenTs; howewver, forn grew fasbker in ged af
ar> Tiwa grasc speciss tiar wrhen grawo wader donventional “211lege.,

In 1584, one faster grovsh of zpoarnm din Sromegrass fod contipued wptii
agel tﬂEEEliEg, eL wrigh tice toe piapts snowed N deliclienes.
Syamepracss tagTowhst wEd Nesvy, sspeclially At tho low rakes of atra-—
gine, aod T osupply wes iesuSficient Yor antivmoe gprovth of Teth carm
and npomegresa.  Af additioral 90 Xpfha o Wowas applied To all plats,
T anrs yvielfs iu nremegrass nlobs was irreversibly redaeced.  In
LB60, sormt 3ilege wields Srom poe-billoge phobs Waere RIignest Ao tall
Tonoue SGf Witk the 3.Lk—Zgfra etrazine rabte a0c Lowest in Cluesrass
g At the 1.7-%z/Ma strazi-me rete {Tabkle 1). The lowtst wield (27.2
Lisal wes Zroo the c wmenzioral tIillege treatzent with 3. kglha

Ancarize.  Rick of CThe vield 2Illlerence in sod-planted cora ¢ould bm
nnnolated w3tr fhe syupstantiz® regrowih of broregTass, orsOmnTLgTAsE .,
anl wall fesgoia at tke Zoyer anraziae rakc.

SigriTicapt »ield AZSTareaces wary agais assoolatod with sci
guanias ard atwezine —ates Ino _§5|. Toc highazst wiezd (72,7 4 hal,
srodiced fw hromegrass sod with 3.5 kedke of airacine, was Dore than
dozzle the vIieil Trom conventizoel fiitess plots as the same atrazine
rate. O9rm silmer yields io brogcgress, tiosahne, u-uﬁardgrass and
fazeue s55ds were Rigkor wiih she hleber =ate ol strazirce; howeves,
silage Firvads 1o Xentucky u‘vﬂg“ﬁf° £ad were lowest at ke Ligbher e
of mirazioe. Silaee yield differeugas ware agein zssocistod wish
ates 2 atceglne ond sof regeowsnh of Droosgresé, D_hu'.ﬂarvss, g
"1 pseur. AT 3ns oW atrasine ratne, ocroherdgress crTaden owk ik
frn. CEILTIAE 1N TS 5ilage yield. Eowever, Tarc silage yiel_5 wers
Eood in srekerdgress ol tie aigher girazize cate.

The maior sbientive of iis study wes to determize 1 sod-plented
CcOrm oRT Do sroWn Ao a fouble-gvopping syshem with Soy remaved din the
spring and follifowed By & corm oren.  L0) wlets were karvested Jor oy

3:2




Teple 1, Iffest of rates of gurasine ¢n silage yields of como 434
wlagred ig Move gramns speciss, atd oo hay yielis in The zoring
I'Silowing ssmm hameat, ©GlRt Plsa&a::, went Vimgindz,

Tilage wields-350 TH Joy wields-de

sos L05 1247 T TS 1658
pecis T ey Atrpgine-ig/on Alracine-xp/ia aTrenine-igiha
1.7 2 P .- I.7 3,k 1.7 L)
—_———————— ——— e PR ——————— ———
Bromegrass 3.2 3%.% 0 636 TE.T CUE . - 4,5 B
T mot iy LT 35.F SG.F  G3.F 0 z Ll z
Flucgrass L& 4b,a T 1 Z z 2z s
ornilarc-
_irass R 2 T b 7 wly, 2 .2 T wod =5
Fasoue - T 15,5 &.4 Iz g8 Gon 1.3
Thoaked 3.8 BT-C wi, D 3.7

Sk T.o8 4,95 T.ia a9 a.97

yields eaoh vers irTeﬂLate'y palgee oo war nsavied,  Hey yields o

a
5

LEGG pefore nevhizide apmilsstiens wangsd from oebtous 2.4t elmost
4,5 t/na dopending oo toe STcoisd.  FE yields in the r“1:'*‘1 8 af 2947
Varied widell AmIof spesies due o ELTEnLns rate [Ian“u i i-raz:ne
%i1lal Zimowny and Dluegracss, Dromaprecs, archerdgeezs, omnd Xy-2l

taln Sosoue nase goed reeovery After the ldrgt oorn erap,  Fay ylelds
were highest pt tne Jow atranice o:te, Witk wroregrass producing the
highest hay wieldsz of az;r speciesz AT 2o0th aireripne “ates. ke smatl
TAmothy e boussarass rigdds in LOGE AT the Low atracipne rate Yero
dar to aatural reseeé_ng, vor from o scd regavery., AZter 2 wears of
fouble eroppirs for moe—till sorm o and hay produstico, oress sTANGS
were axcs.lent inmsaplyv Tonst Sap brozegrags, oroaardgraszs, end tall
Fagope ah thy 20w atrazine rate and averages approximgisly S5E fox

Tromegrass and tall feseus at the high atrazine rate.

Hiluge ¥islds from ocorn s2d pluanted In orchardgrass anc Sall
feseoue as affecyed Ty ratos of atraziarc and parazaat and rozeval of
LAY are glveon La Table F. Average Rey yvields befors planting cofr

' P . - - -
ic 1943 were epremdmztely &, T end 2.3 t/ne for crohardgrass and tals
- - ame - ]
frerue, respeotively, In 1%Ed, cirn Sllggs wields wers highost 3D

B

+/ha) when plantse:l in umout sronardgress sod st bke Eipgker ralus of
etrzzine =rnd perajuat. Jorm o sllage vislis In o orenerdgsass sod wers
higha= far cost teegtmerss I She umgwl grass than whers hay was
Temgved, excapt where the Lower retRS O glrerins ang pATaqued Wérs
Wicd, Conmversely, silagc 7ieliaz in sinl fezcous 3Tl oweno alWays
Sroater whien ney Was Teoowed.  Wean tall fescus ney wWes rospved, oo
silige yields 444 mot SLiMer zeong =2orarfine o0 Zas2iJat +ﬁv¢@= Woen
A f:ahur nay wes nol recevelr, yi=lls wore slomnifisantly Incorsssed
7 Welog the Zigher atrasize retes anl by She nigner poragunet TeTe
apziied wit:h fhe lower azracine zane. Evidenily, bhe nopuvy gZrass
rowta harteres i:;uria:s A3geTs, fheded the eprly corn plasni
Erowtn, mnd onised some pompesiiion fb* za3i] oaizTure 20t nitria-ta,

Ze 1949, zova 2ilege viclds weooo Righest im the cpest piots of
bcth srohardgrasy and Tesous woen ZL2: kb;“g pf atrazice oliz .55
fg;"“ o7 Daraiial were anolled. The Digh wote o paracusi Ipcresued
yield of corz in rokardzrass sod whether the zay was renoved or Zelt
enevs.  Eloor parnguat L6 a0 cowtact herbIpfile, this ipcreassil sL_egs
Fleld protukly rezresentis 2 Tegier RIZD of ine crchardgross wiin
resuliunt less Jooreilitisg for evelilatle zoll meolzture,  I0rT SroWn
ip ta'l fescue s5o0d also rrodused higier vields wakn *roazed witk 0056
w2 nz of paraguat exceopt oo the wnout olots ok tke Bigh rate of
atrazine.

Trass recivery was c-nslderatly Zess at The higher vs. the



Tatle 2. ZITegt of atrutino ood paragest goplied on tvo scf spesies,
wish and witndab s regovss o silage yields of gof piscted cors,
Corn Sitage Tields [33F Doy Malter]

Troat=ent 1994 1oeu
Eerbiasiga =31 Lr-i
rates orcherderess Tall Fosownu nrenfoderags Tall Frscuc
cera— Fara— dayr Frass Tay Crass Z&8y arass Hayr IT8sE
2ime  guas wmesspred ce—eah Beeswved un—ent Basooed ur —cot Bemaved e —cut
g ke kp/ka rrrer e e e - 5fEE e ———————— e -
e.oe L33 3.2 1.5 =4.2 35.2 1-.5 [ L. T

17.0
-6 LZB 2B 35.7 0 Bl fRR shob oW,z 5300 A5LR
2.5« .58 3F.E 0 O3EILT L 9.2 9.8 G2 ERLA
a.cd o Lgd AL G I P b~ ) 8.2 K37 E2.T
ArEligE EA N L5 EnLpe 2213 sboB3 sphd 4.5
comren. Til_az

PTE
c 1T,
Zratlziica’ analysl
T

Ly
01 11 <ha

o1 by

i Foohaniling Iavels en waick F ratize pre
significant: PBeiwesn 2% spooies = 0L (N99E) aad Q0L (1339); Hay
veqsved or apous = .05 (2333) wnd 5.5, (19651, Bevrean rates of

EErazaet - N.E, i
lawar ziwasine Tate. dowever, sufficieont grass Was prosent T pros-
¥ids = good malsh £t Doth atrazine retes,.  Tag higher neraguat vase
was =ive IEDoToemt WRED Lo SrEnE WA Leftounount than whepn parvegted
fow wew, This would he & cwed ziroce sdiiticonal pavaguant was noeded
<o oontan-iitl the lerge guantity o nlant srowwa evesent asd thus
avzif anprecipgcle scil water Jond Gy Lroatsplireaticn. Do general,
gilage vields fror corn sod phianbed ic Soth 2rass apesies were Sigher
tucy wieldn feom cooventizoal tiliege in 1968, Dot only lUroc sall
fpeeue in 3045, The oemite of leawing = javge avoant o8 plant
material zs w muleh sether tkan mecoving 1t Aas oa Day rog ls o cuesilion-
abhla. Azmavertly, zuflislent ealen is left when the grass is cut for
Bav To o rmovife sdesupte sodl protertion snd reduoe ovaperaticon.
sAdditicoral s-udies wers sondacted I 197041972 La deternias tihe
aest desirdosle rahe 9 prranise for ose on SrCCEeETESI in e continuous
hey-na-siliafe pore peoductics system. Too offech &f ranes af
ATraTine an Ley a:ﬂ oo silage yields wre showr ix Table 3. Com

|‘

Table 3. I eci of rates oF sbrazine oo oora siZege vwields god
olanted o hrocesrass And wromeerass hew wiecds, Morgentowm, W Vi,
Traasrenth Za7o CARTL 1972

Lrrering Silare B Sllaze Jay Eilaﬁg
xgfne —_—— _——— LR ——————

Y 23,0024+ I 32, 08n %050 LA She

AL ac 7. 633 2,534z 3.7 4. %R 534. 35

208 LT 0 I.04%ce 30, 34 $,Mbes L _Gda

1,319 L0 67a 3.2580 31~ET“ T ida 25,75

3,92 G5, gdy o, Tone L3, 38a 3, 10ed a2, 8%

i, D ah . &b 2,10 25, 336 2. 5208 L2 Toan

* ‘q gdditinn &2 plotz were sprayed with 0,56 hgfﬁa Q¥ pRriguas.

*8 Talues fellavwed W osame fetter for trestzects wiithlh same vesr ave
Lo $1q;1,.,a.‘1" sifferant ecpording t0 Juncan's multiple range test.
3il35% rieliy geasyally incrassed witk iccroesizg vates of Ayrasire
nOIATE with Rhe axn er.zc“ of <he 3. %0-kgfzz rate. Tisiis renged
Yram AR wo Eu, T n/he and were generslsy in oropornion to thre re—
gro ik of bromegrass sod,  Huy siclds dn 1GTL rewged deow 2 bo 4 tfne
@it Zegruseed with incressing atoaring reces. Lven an the Dighest
stregine TEe i+,.02 kgipid) promegrass tal apprreeisnle rogrovin.  Tad
1271 zorp silege vields wers nesyly @2uzl for The 1. ad- throrss the
I.35-xofma screrine rates, Snly hbie 1. 92 2ot 4, LA kgfhe strzsipe
razes prodizel Righer yiends. Im 1971, corn silege vields were
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Teduaed by wind dapass. S0 LETE The nar wiclds taken
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The 7th lonference of the Intersatiena) Soil Tillage Resecroch
Orgapizatiqpo, Sweden, 19T7A,

Hotes oo =oil strocture hozogéneily and roctabilitvty.

Ir. F.H. Hoone.

S0il Tillags Laboratory, Agricultural lUnivereity,
Jiedenweg 20, WAGENINGER.

" The Hatheplands.

ABETHACT,

After a disgussicn of homogeneity of 50il ebrycture with re—
apect to Oean pore spece, pore siEe and oxygen diffeeion rate,
a o3il reatability dodew Lls defifed Bnd an emampie af a roota-
bility experiment is diz¢usned,

1. YARIABILITY OF TOTau FORRE SPACD,

Spil structure iz the guiuagl arrargEﬁeut and bleding of the sa-
lid particlesz. Scil structurc homogeneity can be defiped ap the
iaverse of the smallest volume that repreéeseats carrestly the
whole (Ruipers a.o. 1368). EBasples stallér than fois represen-
tative volume will show an inereasing wariaecility with a decrea-
sing sample volume, In table 1 saeples of &0, %0 and 20 oo froo
a tilled and untilled heavy marine sili s56il are comparoed.

| xhxzst;jzj standard deviation
taple 1 Fe¥- e} :
| Fvre) A L4y | 20
|

| B
Tloughed ! 45,7 Fa 2 25 | FRNE
notilled . }E,k ! 1,45 1,595 ] 155?

Variability of pore space of the Eilled soil i3 slearly aigher
thap of the =ore compact uniilled soil. With beoth =oils there
ia only 8 mino~ iafluence of sample zize 9 wariability. Teiz
indicates that sample =2ize i3 not ve&ry oritical in this range
Ynereas 0 sc is already a rather unpractical small slze for
routine determization, samples of a% least 100 ¢¢ are prefer=-
red far hoemogeneity determirvations based oo tetal pere space.

on a tiiled akd a four years udptlllied fipe textured river le-
vée sail pore space abkd peat dry weigkt In 100 ¢¢ aamples ta-
ken 8t the sa*x¢ distance *roo mlent vows (peas at flewering!
were determined (table 2.

| deptin | pave | ront dry l COorT,
tatle 2 | Lem} (v/¥: | woight - cosff,
{mgr} i
| x v T = ax + © 53 T
plougned | a-7 | 55,1 ZR.E |¥ = &, 0% * 20,7 |0,92 |G,05
42-17 | co,49 7,3 ¥ = 1,2x «~ 1,2 |0,5% | o, 3T
2z2-27 | 50,9 19,5 ly = g.bx = 0.7 0,47 V2,15
wrtilled | 2-7 | 3,2 T, .y o= 1.4x - 31,0 1,82 | 0,148
Pa=17 | 47,2 13,0 [y = 2,%x - ©3,8 [, E l G, 50
| 23=27 L7, 8 | 5,0 'y = 1,2x - 50,1 |G, B8 G 22

Ie thae zerapd nalf of the arakle layver trare im a s*gnlflcant
poeitive relation ketwearn rooct weight and peore space. Even in
thege gages variability in rvool melight is explained aoly to &
apall extend by pare space.

-



2. MARTASTLITY OF PARE S22 QISTRISUTLICON.
Larger pores Are likely o he mora suaceptible to comoactlan
than s=2aller poves. Yevertheless even 1n vTeTy compast seils ra-
ther large pores way e present, be it in & spall oumber (Zoo-
ne a.o. 1970 (113, b procedwre has beer developed lar meaguring
dirsctly the number and spatlial aiztribution of differert pose
size c.ass4ds on large serdes af sail sa=pleg. Alr dry undistur-
bed s50il szoples are polished very gentliy, using abrasive papers.
woose s02id particlen that may fover poves Are sexoved by pir
swction and 2 prastozeask iz taken. %With a scanper (Quantimet
FET) apantitative Tsasurements can ke made very fast EJGuEBrqu
19?3], Fores dawpn to akout ﬂﬁlpn are messur<ed cuite sptisfacto-
rily. It may be negagsary to exclude parts witk shrinkage cracks
fraﬁ Ee3syrexant, OA 8 reavy marine =ilt ecil & 5 years untilled
rlat aod a pieoughe? plat weve compared. The relation betwesen a-
zount of pores over a certein size and pere space in the sample
can be qeterriped for Both strustures. It appear= that these re-
latians ate gleawly differant for these two structures (fiz 1),

E#Dli%‘ 3

12i;ur95 »40 um
: »500 pe

2l d

! -
: 1T
: - ploughed

ahe” >3900 um antilled ——— —-
| 2500
e Pr¥a

a:*jﬁm L . {viv) fig.

4 L UL

fin the wloughed 2oil nea=ly halfl the volume of pores »90 pm are
pares » 3000 am. O toe wntililed sewil this is far less. At the
sace tatal pare swvace the untilied =pilf is econtaining & aigher
velope of pores hetween 90 and FOC7 pm and especially in the
range 40 = SG0 ue,

Toe standard deviatior of volume of differect pore size classes
ig higrer the larger the poras are. In the ploughed sail shas—
dard dsviation of pore ﬁnlnmﬂ for vores X3000 po is 130ﬁ (210,41,
far pores »500 um A1k {—u i) Bmd far pores > %0 az 435% 2 byltis
The number, spatial distribution and contiowiiy af the large po-
»eg Are very imperisent in relaties te tne sodll physical growth
facrtors a2 well as rooitability. It appears that Lf s0il stirugiun-—
re i to be characterized by large pores, hooogeneity iz lixely
to ke lese than if total pore space is regardsd.

%, BOMOGEWEZTY OF ANPATIOH CEAMACIEZ-2TICE.

Aerarion of a wet soil depends to a large extevd oo continulity
of tae system of iarge pores. Mean aeration of tocval aoil =ass
of ap untilied =zoil iz generzlly lower than af a tilled xoil.
This appeared wery ciearly on & heavy river levee soll where ag—
tive gley ¥as ahsﬁr?ed in the arable layer of the ugtilled soil
"EROLE Z.d. 1979 (700, Nevertheleas rootgrowth needs not to Te




really baspered as loog as sufficisnt piace:s with an sdeszuake
aeration excist. Hoot wvolume wil]l meveyr be mope than a few peprs-
gent of the wvolype ol the talled Layer even with wery ludxurious
reatgromts. Oxreen sonceptraticon Lo the gaspiase depsads opn the
equilibriom between supply and reooval of oxyzgen. Both <rhanze
continucusly, supply by chanoges in water conient and consvoption
by exiension of the root Eystem and by changes in microbial ac-
tivity. Moreovear all thest¢ aspects fepend largely oo depth and
evan at cpnatant depth chere are large local daifferences.

Ia =0il %illape experizents 1t Yurned oubt Ltheat variabilibty ig
oxygen coatent Is groater the lower The ZCan OXFECD CORTEnLira=
tion is. Low =zean oX@gen concen-rations, with & high standard
deviatipn were pbeerved especielly below rocting Gepti in the
first stages of crop greowhth. Variations 1o oxygen concenirasian
therefore are primarily related to the oxyren aupply. owcring
goil water tensicon is acctdpanied by local steep decreases in
gasdiiTu=sion. These spot=2 are characterized by 8 relatbtively low
gpuzber of coéntinudus pores filled with air at that particular
goil water tensicn. The iktercoopecied partz of the seil with o
ralatively high nuaber of large pores will coctalin mast reatks.
Sa iz seems Likely that the gumbel 9f speits with a good aerati-
GO0 A5 a betier oriteriae for ractabilisty than toe eeap asraition
LA TAE -

The oxygen diffusien cate ($.0.3.) cophasizes the omrgep diffu-
sien in tioe tkin saturated seil layer areund the rost. The root
iz simylasted bx a platinu® wire with a leogth of abeut 7 cwm, s0
lecal ¢opditiens gre very LEdariaek for the results. Io o very
depnge seil waler conbent by waight at Tield gapaciiy is lower

-0, E. water con=-
QTG-EE o tent (w/w)

EtmE 1%
urtilled el
2 E - T

27 =2h5
24 =ZR%
Z5-Po%
2B-27H

£ .
Jem” omEia, }

e

Plaughed

fig,2
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than in a Loaze soil {Kuipera 19%717. Thisz iz thke mean reasea that
Calade at field capegity irn an urtilled soll iz alwost as kighk as
in the picughed goil. At the same Eise wariaedlisy in ©.2.8. is
hipher with lLower tota: vore spaze (fig.d: heawy earipe =ilt spil
az pF 2,00,

Especisally dn & wvery Jense sall swall variatioss in pare volume
and/ar water cantent Mave An SHCrBOUS impact an CLDLE. Variabi=-
ity ef Cul.H. inwide vpdisiurbed core sapples is even Ligher
than betweern s2mples, The percegtage of gpots witn @ insuflieci-
ent aeratign f0.0.7. TR0 x 10-5g D?H¢:'.min} Lo migher 4n 2 up=
tilled soll and thisz nolds al=a for lewer sveileons (tawle 3).

A 2 \
D.D.R. {10 Tg O Sem Lman.

Tev,
table 3 | (v/ed | 2F2,0 pF1.% BT .3
‘ Fo| wees ¥ G2 7 Hel
proughed | L&,C | o¥.4 | 1k D5, 7 3 17yt o7
untilled | 39,1 | Loyt 4z 27,1 =5 12,4 Bz

It =zan he comealucesi that komogeneity wito respect to aeraticen iz
wor likelw to be related inm a simple way to homceneity of pore
space distribution, begause of the abarp reactions obaerved by
mivor changesx in poras space and moistura contant espesially in
& dewge groil.

4. BOIL STILCTIRE AS & RISK TACTOR.

Soil epvironmant influwences bhe Length ard proliferstion of &
#pat svsten, not the fismerter of =ingle roots. Heot diameter of
even fime rocied srops sxseeds 120 poa. Sell exploratiow 1= iai-
tiated by roats of a lower order (é.g. main roots), orolifera-
tion mainly by rostz of Migher order. Felatively thick racts are
iwparrant Lan *he {irst stages afl rootgwowth and alge wWitn restect
te wlzisare effective reaiing depkh.

Ir a homoge=ecus goil with pores Sealler than roaots (made by dew-
irg a puddled soil wo pF 2,0 reasorable roctgrowth could only

be chialned if the wazar content was keot ripgidly esonstant. It
#as onserved that on thig oecasion rostgreetn rate of flax at pF
2,0 wag akeut Lkal' of the rate obtaimed in the conirol, with a
farourakle atructure. In general, the better =oil =tructure is,
the lasgs critical waier content will Re. Therefore sc0il structurse
should ke judged in dependance of =pil water condifticn= to be ax-
vected {iBoome 1375 [(E1).

Zrop reactionzs can be expocted wherm there 15 &R wnbalance Detwecsn
crep demands ard avazilability of water, icns and oxygen Lo plant
ToGetSs, i Rpaller oot gysten iacreases the nrohability af crxop
roastions, espesisily under garginal cooditions. Therelsre early
stages of ¢rop growth are mare Ligely to be influesccd {Finney
and Hpighz 19¥3). Far different crows eariy grewih may be izpors-
tant for different reasons. Spring barley g.p. bas a shart g2ro-
wing seasen ord Tor sugar beet date of srop clesure is lmporcant.
1 goaocral roct grasts retardation leads 9 a lower ultizate
redting depth andSar lawer root deénsictz. Twe regarks shauld ke
rade. Hoat deasity is sooetizes higier than cordal beleaw o layer
%ith restricted roating fcompensdationld. In *he second place roota-
hiiioy of 25il Selaw =he a=able layer may ke low far various rem-
sons even AT wiswally seil strecture gecas ouite adeauste.
fotoregeneity 9f even very dense moll Struciures io the faeld is
cigher themn ie madel reseasrch with coppactked agppkerates. “hois tos-
p_icates interpretazicn of funcsticnal relaticonshins between eroil

i
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=sipal faqtors and »oob growin. St =ay a130 QIifer mew Loro-
tives i7 a physizpl desceripiion of thc s0il and an empiri

4]

be defined a5 Eie rolative root growih ratoc of undliscuersed sac
¢z compaTen with a standerd zoil structure of The asme 5ol
®%i%h 3 groeEn very hign raosafilitz, The roetakilisy cam oonglly
De tesgled ®hen a vory Nigh numhsr of rpozts iz efferesd o - Lo

'

F

ciruzsurn during a ceritain time under ziandard Cavirormes g
carndlsionu. Tegis oy AiTlerons 3ll waier rogizes wi Ll gl-c n-
Yordagign oo wmaviuy: roeot goawil rate as wWell Ak oop root o srowh
Tlawiilicy., Eall stpuzrures with g nipghesr flexibility are roo
zarded o De Tawourable. n srle _gwer Iimit of s¢ll artrugs-ure
canr e Fournd by scavarinI the auaber, area ani ifgTritucion o&f
the spots that Aave a nigh rmocoebilicy even ukLer exiroLc Con-
diciore With =oot densicy fconzidered serzospew AYt That time A
depti Zn the soil prodile. For less Javouranle g0il struaocurer
riscs _rpvoaived rmay be eraluztei by saon goEparisons.

S, FOHE AW 2TTT RETIITEY.

2n a good structure TrRere are rore mocts Lhan really needaz.
Bigulation fvar Kevler m.o. 1975 muggesis that roob densiaov
of active rasis need not to Se hirk. Fods paiiern and Zensity

2an he shanged b» zmodifying arcifiecially fthe nuzesr, dizen-
sipn and fistrikoution of the large pores in 2 wery danss soll

. - P e :
Irflg-_.--. Larsd 5p=ECf EDVa) ract meRsihly {EE;EI#J afier Tour weois
:..J.E.:l;.r.--.
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orability deterningiion are caxbined. A rooctabilisy iodex opn
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wera Taund in reat- and sproutgrowts when artificial channels
were intrcduced. In order ce reach the some roozt- and aprogt-
growth auite a pumber of artificial porea are needed. 1n fhig
vespect glars are alrezasy betier adapted o the rogt syscem than
sinple vertical grhaunels. Abrupi variations in 581l structure
cecradse roab extension wery Areh, Joazpensaiional rodt prelife-
ration takes plase in the spots with a high redtanility. Lazer
on w-en availablie pet veolume 25 a limiting facter the differan-
ces fecrease Dut do net disappear even oot in sproutgrowth.
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The 7tk Jonference of ths Intertziional Soil Tillage
Hesezrch Orzarizaticn, Swelsen, 1SFE.

“DﬂPAEATI?T STUDTME OF ZTIFL fnfsT waZll IF —nZDS:L
SEEFARATICH FOR CAZZE (Fea mays L. I8 DORBTLATI-
G WITH -ILZEsL FBETILIE;RE
rndjelke EUTCGHAC, Zukae T27T20V Tore SEaUAE
Taculty of Agriculiure, ﬁiJETSlJH af Lagreh,fuxos_cvie

R,
LRETEAT

The thres-pear comparative svtudies SF dillerear wavo of
sedbed preparaticn Ior szize fn pombhinetign Jdith minenal
fertiiizers, it The gonditigas of Ehe femi-nueld clizate Iz
the comtanental vart of Srcatiz, on lessivé Brown soil o=
SuRfy sunpstrata, <ifd ot shoWw any expressed gmoin for Taize
7ield in azy of the studied ways of seedbed pregaration,
pivher o7 the #zeEregzts rollep-cultivator-roller oy disc-
rErmow 2T coroined Swpiedent. Iwven fipect Sowing lnto the
furrow anpedred ﬂ“allv rineptacle. Ferti_izing nod 2 =ip-
citigant eflieet and was fonsinart in relation to fiffsrent
ways of ssedbped prepapation.

Toe pracitices applied In The Trial broughkt abouf positiv
chanzes of fcie chemigal and te a swmalier extent phreiczl
nropertiss oF the soll, but they were not sighifiicernd.

[ATRODLoDIOnN

Recantly, new trends nave sppeared in soil tiilape,eiming
at a4 reduactison of the costs snd lapour it the tillege ivself
and zlso in other precstices in oron erowing, nrovided tha
seme or higksr rields are oltainsd, JRuk, the meinp orjecii-
we 12 the rationelisation of the produstion process, depens
ding on ecological comditions eand crop reguirenpents, tha
latter being the decisive fzcior Jor the scote of retiona-
lizatieor,

Ratlen=lization or cinimizestion 22 =cil Tillape, in zeng-
ral, end alzsoe Toy wmaize, up To 1T5 cocuplete gomiseicgn, has
neghn tne svepjact of 8 aqdsoer of TecenT WOTEE (31 2 ¥ e ard
Al odor e on, 155 v s o gxor v oe, 1953 203 19357 e &,
I2€p: > ax e r 2 Xannering, IS8, ¥ re e e
2l.,13583: 5 i m g et 2l.. 05857 r 1ol ok £,20055 » i
FZth et al.: 5 one s et 2., 1988 I v 2pcoc v ot
£1..,1%71l: 2 2 inpo g e, 2870, Eekarmans zndde
Vit,1973; van Dorcrer 2rd T rizoleto, IRVE.
Ailo iR, 19YEi: X apaos st e, JEYE oard otrhers).

-

Trere asre DENT factors which nave to ce zonsiderszsi wkaen
reduaing tilling sractises, 50 troeh various weFs o seedped
cre-aretion for meize, gspecielly i To2 ca:aenﬁat‘um sfloeet
of fertilizing iz taken into aacouns, ofler poss ibirities oF
recusing the sunber of cperaticns, fartisu_arly ce soils
with Zsveuvrabkle bhysloal procpert 1&51 nrimarily well Zrainsg,
Cup investigatione shewld be taxern as an attemst oo 2szass,
ag shjectively as vossible, which system o7 Tillage is ophis
a2l in given eonditions. Thus, in zase of mipioum willope.
it Iz paxd Lo believe Thetv TDis syswer could be aocerioole
in gur ponditicens is ite tofaiity, cut tkere is ne deoukh,
Lnat it iz not onl¥ 2C08s8l%ie but 450 wecessErYy fto redilize



Tilling ¢nezations without adversely £ifecting the yield,
This was taksea as the starting peint for our investigations,
2% the first stage of which szere wasg only a sertain reduc-
tice of the tiliipg operations ic the seedbed preparation
For weizge, with ¢ooplete oumizZsion OF eultivation in The o=
urse of The growipng pericd. Yheéese preliminsiy sTucies were
Followed DY more exuvensive investigations, jncelidicng slso
The no=tillage srscem.

IRVESTIGATION ¥ETHCTS

Tne trial was stationarr, lasted far ftaree Fears, and was
carried out eccording to the modlfied s5lit-Tlook scheme
in four replicaticns. rour seedbed preparation variants We-
g otudied In copbizetion witi four Fertillizer doses for
naize, hybrid Bo-Sa%h. The Rasic tiilege, together with ba-
gic fertilizing with paosthorus and ootassiom fexrtilizers,
and pertly nitrogen fertilisers, wis carried out in antupn,
at The Bversge cepti «f 23 o6, The follewing weys 2f ssedbed
=rgszration were investigated:

1, Seil reparsatian 27 the aggregate rollep-cultivatop-
soller [(Th: 2. 5pil moeperation by dizc—haprow [II}; 3. So-
wing directly inta ‘U:EGH (ITZ); and 4. Soil %rEﬁaratiﬁn by
romined irclement  (sTring ook haspow — har poller){IV).

The =eedped creperation was oreseded BF Cre—-sowWilng aitro-
poen fertilizing, whickh wes eccocpanied 57 starter fertili-
zing with cooplex fTertilizers, sowing and nerbleide appli-
sation,

The fertilizer <doses, adjusted te the nutrient content in
ae £gil, ¢rop requirerents and itovestigatieon character, we-
re, besides sheck, the followinz: low - iz Frag ®Klani ®me-
Giun — Higy Pr4o Kiee amd hizh - Npqy Frao Kogee

INVESTIGATTON RESULTS
A) Tield

when analiysing the effects of the investigeted factors,
thet is tillage, fertilizing and their ceambinations, it sho-
uld te firatly ztressed thet fertilizing was bighly signifi-

cant in all three experimental Fears (Tazle 1). Tae seedoed
nrenarabticn was dlmn¢“1cant ouly in the first Fear.

1§ further analysis iz rade of the cbhbiained results effect-
a3 By tre (illaze itzelf, not Taking inte account the border-
lipe differences, the seedbed preparstion with coobined im-
niemenk wasz bhe best in Two of the threes sacerimental years,
doweyer, 1% stould be zernticned that iz tos Second weay, A5
Tect zowing was the best, waich alse in the third rear ap-
prosachked tae best treatment. Ik the Jirst year, all the ot—
ner toree tregateents wore zignificensly betier toan Jirect
sowing wote txe furrow, On the ofker hemd, tie willage with

combired ipplement was significastly pevter than that with
disc-hzprow, In the second and third years, the tillage, =as
already #sentiloned, was not $1gan‘¢aﬂt whieh iz confirmed
by the bocoderline values, waich are given contrary toc tas
nsuel ooastice, Thds, if thers seems to e An advantage of
sny of the ztudied trestments, it is, ascerdingly, relstive.

Cn the cther hand, under tke influence of fertilizing the-
Te i5 a3 steady inerzase 1in the gield pavallel to increasing
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fertilizer doses, particunlarly wher chzaging from wnfertili-
ged To fertiliced veriants, If the yields are analysed per
reers, this increfse 12 sSignificent ir the first year bet-
ween the unifertilized Sreatnent ard the other three ferti-
liger rates, There iz a sighificant yield increase of the
medium and bhizh inm relation to the low ferftilizer deoses.in
toe second year, taerée LS Als0 2 very silgnificant differen-—
ce between the unlertilized and fertilized treatesnts.There
are oo sigrificant Giifercnces etween fertilized treatments.
1% the vhizd yFeaxr, a bighly significant differense appears
setween the urnfartiligzed and fertilired treatment=, whnile
within the fertilized Treatomeats there is a significant dZf-
ferenze onlF between che low =nd high fertilizer doses,

Tive to%al rields per yesrs give &8 certain insieht into the
goarcen effect of the tillage and fertilizing treatments. A
certain, though not the cxmected, degree of interaction is
nasicaile, The Lest combinaticn of the trisl was that of the
sepdbed preparation with cosbined impiement and high ferfi-
lizer doze. A% @ Tule, the highest significance ig recorded
between The Ifertilized end unfertilized gembinations,ligher atf
Righer fertilizer doses, Witk the fupther increaszes of fer-
tiltiger doses, the sigpiflicant diffarences Detwesn then are
gitber toorly expressed or asn-existent., The differences in
7ield, irrespective of treatnendts, iz particulary Fears are
reletively aigh, ssvecielly hetween the Lfirst and the otoer
iWe Fears. TLey can be expiained b7 hvdrothersal relations,
and =alsc by the fact that the growing of maize in fhe trial
wes preceded by the annwal zrowing of malze, whkich was pre-
ceded by perenmial growing of lucerne.

B) Applied oechanization

The seedbed vreparation inplement were aggregated with »
whael %ractor of instelled engine Dower of Luo HP. The agere-
gates mollep—cultivator-roller - planter and disc~harrow -
wlanter can achieve the werking speed of 9 ki/sh, and utilize
Po¥ of the prass workiog tizme for prﬂdﬂct;#& hark. The work-
irg perforzeance of these zzgregabtes with the 4——<ow plagter
iz 1,76 ha per aocur of gross working time, and £.65 ha with
the S=row planter. The aggregate planter unit with tines be-
Tave the Seed onensr nas the workiag speed of 7 lm/m and
utilizes 7o of the gross worxiag time. The perfortance with
the LY-row plianter is 1. j? haﬁh of gross working tire, 2,06 ha
with the S-row plemter, .74 ha with the E-row pianter,

The seadbed preparaticn with conpined ioplement iz carpied
st as z sepayate cwaraticm, and so 15 the sowing With the
S=row planter, Tae WOTEing speed of both ¢perat1nna is ie kol
end the utilisstion of gross working time i@ So% in seedbod
preparation znd Tok in scwiang. The aggregaie perfermance in
coadted preparation iz 4.9¢ he sk of gross working time, End
2,92 ha in sowing with the B-row planter.

) Camnges in the =o0il

xmesting that the variocus rminersl fertilizer doses,appli-
ed in taoe triszl, in combinmation with waricus ways of seedbed
mrrezeration senld ¢ffect some changes, primarily in the che-—
=ipzl s0il cowmplex, detailed cherical anslyses were wade of
The =0il Sazples va¥sn from the experimental ares, both at
the bPezinning =nd =t tae end af the experimental veriod. It
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was kKept i mind thet the eXperizmental period was relativel ¥y
gnort to determioe the changes with certeinty, This alsc
applies to the chapges in the nhrsical soil sonplex. The
»ogltsg are partizliy oresented in Table 1. They basically
indicate, that tkere were m2inly oo sighnificant chenges of
the chemical properties. Toare was a cerftain affact of the
ferti}lizer doses spplied, wihile there was no effect af tae
vearions ways of seedbed oreparaticn and 1f it appeared in
combinetiooe it was obviously the result of fertilicing.
Zowever, at the end of the three-vear rericd, peositive chan-
pes wera recorded in most of the studied properties, regard-
less of the treatment, wkick points o the cownglusion that
trer were mainir due %o the apnlied agrotechnical measures,
This izparvicuwlarliy evident ir the jhoreased conteands of
available thospheorys ang wotassipo and higher base satupsti-
on.,

Altheough the gratmes in athey phyeical prﬂnertles anf the
goil {(porosivy, waber amd aix pelding capasities, specifia
weight ard curreat moisture) were Tollowed im the frial,
cnly the Tesulis nf measuring the mepchanical =20il rasistance
are given \Tan*e it. It was pr,mar113 infiluencsad by the mo-
isture regime, drogring with tlhe irperedse of current Soll
moigtuye =nd vice wersa. The resistance alse showed certain
oseillations due te the studied factors. The effect of cesd-
bed preparsbtion practices wae direct oere, while the effect
of fartilising eould have been coly indirect, for irstence
through the degres of the —oot system development, which cawn
again influence The degree of 2o0il coCpacthess,

DISCUSSICON ARND CCHOLUSICHNS

The cbtained vesulis confirm that it was gorrect to choose
taige Tor this kipd of investigations, because of its ecopo=-
miz angd ofher importance in this country and B very intensia
e svstem of egrotecianicml ceasures, Which allows certain
rationalizetion. The rTesults also snow that it is necessary
to evpivate The activity and functicrn of ezcén wmember in the
so0il=plant=clipate syFstem. The climatic a2nd edaphic copdi-
%Yions of toe region favour the srowing of maize, but in case
of greater climatic aberraticns, wihick do baopea, Yhe unity
af the Tepbticned system iz disturted, either by the indirect
gffget of the olimate upon the plant, thrzugh the 3011, oT
by itz dipcet effect, Sucd climatic averraticns werc actual-
17 present in the course of the trial, particularly in its
socond year, This was, nowever, a gocd sicde of the investigma—
tions, for the functioning of the applied practices could
be pbserved from 2 wider aspect.

If the =ffect of the investigated factors is evaluated,
Tae sigrificance in S0il tillage was incomparably less oar-
ked thar in fertilizing, The obtained results still give
priority, though mot a2bsolvte, to the sesdbed precaraticon
#with combized imnlemernt, The Fields in the other topabments,
though waried, were oore or less at the same lewvel, incliud-

g the direat soWwing into the furrow, It L2 an igportant
firding that the direct sewing inte the furrow is »ossille
o this so0il tfoeé without greater risks for tha ?;eﬁa, SEpE—
chally in ees5e of good tHilth due tc low winter temoperatures,
probably with cerbtein advenvtages irn wet rFears. Tskiog apard
the tachrnolomgical-exploitetive side of the problem, a8l tae
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four worys of sesdboed precaraiiosn, or thelir combinzsions
with medinm or Aigh Fertilizirng, can o regerdied a5 aloos:
~diymtical. This especlally appllies Yo the speed of sowing
d1252¢13 irto the furrew, 25 & rrerequisive for EﬂuU“lEE

a urAiforn anf oo%iEal wmlarpt dersity of =eige. Meatioz sho=-
vid Te zade of the very impernant fect, vilid for all the
~etoods ol sesdked predaromtion, toat 1% tAn be successfulliw
carTied cub in gne run, thus increasiag tae efficensy of
she sillsme zzd reducioe unnecessary treading of the seil.
17 whe pﬂﬁSlh‘-L ¥ af a sing* taneous oeclfopmgnee of s58versl
operstions seecied prerarawion, stvarter fertilising., aow-
ire, nerbizide aprlication =nd ““uhaalj same ohthers) is ad-
ied To tnis, the advaptages are evldenti At the sape time,
tns l“"estngatle 7eirt T3 the possible dmissioo of all

Lthtg practizes An the Srowing pasiod of xaize without »igk-
g a orop of fSne yasld, but this Yequirss separate 1nvesti-
gations.

Tha yield lavel was teivher linitad oy the f=at that it
was altua:ly oonorroduction of malze.

LI,
J.-
'
Ly

t

~he Tollowinz gnaocciusions can e drawn:

1. In seedoed grovaraticn for malze, frown an lagsive
Wrown scil on sz2ndr osubstreva, Toers Was oo CArRed advans—
tage of any of the isvestigates trestoents, Zver Lirect
sowing iats the urrow is possibie, as It eansuresz She sane
vieid as that achieved oy other wafs ol seedbed pretzraticc.

Za ke elfect 0f Tervilizing was Significant. Ta relatior
the different wavs of seedbed proparation, fertilising
was do-inant,

J. Toe seedbed preparation oy odobhined ippoemernt, i cos-
pinaticonh with mediut or kigh rertilizer doses, seems tTo Le
the post acceptable Cor the Tracvice,

#., Zffected oy tihe complex of the performed sgrotechnical
Teasures, bosivive changes occurred, pricdarily 1z the Tedo-
cnernical complex.

2.4 realistic svalusticn of +he ¢btainmsd results should,
¥ aAll ~eans, LEXe the aoceunt The Isact That 13 2 guesti-
2z 5f exgtitlting anvhropooezized sgil reserves, xuﬁch rase

mgen created Shroughout fegofes, even csaturiss, in Hhe
lang ren of apricuiture.
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Tnz Tth Conference of the Ihtermarional 3ail Tillage Rescarch
Organt 12Tiok, Sweden, 197G,

DIRENT DRYLIING [ZERD TTITAGE) AND SHALTOW CULTYVATION OF 4 RUGE OF
S01LE TN TEE UNTTED RINGDRM

R.2., CAELL AND F.E. ELXIS
Arricultural fescarch Jouneil Latepombe Laboratory, Wanpame, Englapd.

AESTRACT

In the cxperiments in the ULH, here reviewed, direct drilling,
shallew eor decp tioe cultivation and plougnins hasve rescited i;
sgizilar wiclds of zorite barley and wigter wieat oo well structursd
goils where suitable weed ceatrol and asrepc=ic precedurcs have hecr
adapted. Ezphasis is mow beoing iver to the effect af rodoged
cultivartien on clay scils and oo rhose which are structwrelly wesk,
whele greatey prodlezs may coour.  Altheueh s2ils are mors compact
after direct drilling, tie develcpment of surface tilth, irereascd
Azpredate stasility, cracking, grectar earthworr actiniiy, and similar
levels of oxygen in the soil bhave Deeon obhscnved.

Igtraduetion

wWhen suilable herbicides becime zvailsble, especially pavacoat
in 1?&1{13}, TIDETNLE eXPeriRents iN many countries were carried oul
in which Jirect Jriliipg was compared with plowgking., Tn Britain
befora 1370, about 62 comparisans of direct drilling and plomghins
vere mace for both spring barley and wintar <he2ac, sooerTizes Lo
egxperiments which Iasted several vear=i2t. These exparj=ents were
carried gut mainly by Trperial Chemical Industries Limited ond by
the Ministry of Agricuwlturc, Fisherics aod Feed. Inm scoc the vicld
after direet drilline was satisfactery, but on average it was about
1% less than after plouwghins. CUsually the rezsons: far lewer sields
WECE N2% known.  More recently experizents have shown little
difference hetween dircet drillice and plewghitg. Tze reasans far
Lower vield in the earliev wears included grass weeds, sivg docace,
orpbla=s with ﬂr%lﬁing ard probadly lack of experience with the
nower teckniquestat,

Tous the abjective of sur inftial ewperiments wikich began in
10 in go-aperation with the Weed Research Orgomization was to study
the effects of altemative methadsz of culiivation on tThe grewih of
soring barley and winter wheat of land which presented fow problaos
whan ynder poraald celtivation [Table [, The fecamants wore firscc
Aviliing, cultivation with vieed implements at 7 o0 13 om depth, and
plourhing .

Aftay satisfaciory resulis wdrh direct diiliing on these soils,
and becansze Tha sumprer methods of cultivaiion wele Bl
iacraasingly wsel by farnetrs in e Uniced Hingdu:11:“ it was
considared appropriate at Letdogle oo lmomestigate e feasitilizy
of reduced cultivetion and the possibie Long=ter effects on soil
conditions on soils which were more difficult than previcusiv wsed,
gither throwgh hizgh clay content and mestricrel drainags. ov
sirough structursl insecability (Fable 1}. The possibility of using
redyced cultivation zetheds pn soch zoils is of particular interest,
at heast io our gountry, bBegaase the nuember of worzing davs is
often sall.
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TABLE 1

S0ILS TSED IY CULTIVATION EXPERTMENTS

| Zoil groups |
! LK g i Foxtare grneral IQammangad
o h e aracteris.
| wlassifigation Buropean |mits | ¢ erisics
: v . . . - i
“Arziilic 0rThic Tavisal IS&nﬂy loam|Maicly wzll b Jpdgas
~ brawn earth ! drained _
1 -' 1
. Rendrina Fondoine i Silt loam | kell drained Loz
_ over chalk !
i Caloarcods Varti-calearo 1 Clay loas | Slewly per—eabls 1071
| prelasal eleviec Carbizell well structured |
. . . o : P e

|Arglllic orthic avisol , 2117 lean |Well drained LooIdvd
! Lyewm earth | w2k STrwstured -
: s : I . T -
P Sraznaslay Varti-—ecairis 3 Clax Poor drainazeT | 1974

' ;

[
I

Clewsol

(2 sites)

*  Infromation from [ “ackner, Seil Surver of Enzland omd Kales.
*# Jaint Project with Weed Restarch Orgamizaticn.
+ These szites have been artifiecislly drained.

Grop Essablishment and grain yields

an the well-srrctoered soils +he mean zrain vields of sprizz
barley and wintelr wheat ocer the perded 19%0-73 were similar im all
treatzents (Table 2], altheuwszs rainfall ard picld varicd sreatly
For cxaomple, on the sandy koaz the soil moistuere
deficit at the end of Tune varied from 2 to %0 mr, and in the zuturn

botwesn rears.,

and winter of 1973-735 rainfall was about 407 above averaze.

 aTats)

direqt driilieg causcd a lower yvield tham picughimg o9 5% ar —ore, it
was always in the first vear of an experiment and kas 2een often

asgaciated witk a reduetion in plant oopulation (Table 3.

Tke

rcductians in plant pooulation wore not 50 mrcat that they would have
Pagn expected o have a large ffect on vield with convensional
cul tivation; it seems that direct-drilled crops may have a reduced

ZApACity *to coampensate Far loaw plans Samsitr.
TARLT I ERELATIVE GRATY 1TELD OF SPRING BARLEY A WIKTER WrEAT AFTER
DIFFERENT CULTIVATION THEATHENTS, 1969-197 5%
¥Yield of Tield relative o Nenber of
grain after that after BXpETAizENT-YEATE =T
p_oughing Dlouai g
i .
' t/hal Tipe DL L
' vehal ol tivaved  drilied 1on
sandy aver  Olay
Devp Sha”_low Loan  enhaxk loas Tatal
E:;I:f Pd.54 .01 1.08 1.00 54 51z
Winter i - . = -
i 3.0 L.y o0z s 1 2 b
pwheut ] ¢ il | * w7 2 z

Souree of infarmation refercmees (£ (00,

-——

Ap exporiment—vear iz an individwal vear of eick experiment.

The difficalty in establishing adeoguate plant porulations with

girect dxilling may be doe o seversl facuoars,

Thoese pay include

the zrester compaciion in direct-drilled soils, to which referonsc
ix made latetr, o the livitations of drilling ¢daipmeat.
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Flaant establislment =3y alss be Zxpaired when seeds germikate close

te degomiosing orap residucs, espociaily o wet camditians. The
reconcended practice for sedcessful direer drilline im the ULE, 25 o
renave surface residues of Lhe prewious crop; tlus 1s hormaltly
achieved by burmine, but 1o wet wratber cocolese recoval say be
impracticabic. Im tee wet autunn of 1074 ic some crops where tie plant
wopulation was wery 1ow, It was found that sceds Wad “eep pushed inro
the s0t) by tke tr1n1t—ﬂ"sc drill ip eontzct Witk unturmt stPaw. Sceed:
kad usually gerlnaLEd tut dicd after the radicles hed Lmtr#ﬂd'11}
Lahoratory studies show thizs was due to Soluvde decomposzition products,
includihe acetic acid, caused by micrakial acti?itytli

PABLE 35 FPLANT POPULATION AND GRATX YIZLD AFTER DIRSCT DRELLIEG
BELATIVE T] THAT AFTER PLOUGHEIXNS WHELR YIELD AFTER DIRECT
DEILLING Was REMUGED BY 3% oL MOTE®

i piract=-dri] lad
E:c?e-rlre.=1t l:-r'\::'P' I‘E‘la vlvie o plﬂug:".lﬁ."d
Plant
pepudatice Stain vield

Satdy Loam Sprinr barley .92 0.ES
Yinter wheat i.0%5 0. 35
St loam over onedk hinser wicat 0.34 0.9
Clay laam winter wheat 1.42 0,01
Spricg bartey 1.02 Q.o
Zlt loan Sprins whcat o0, 53 0,00
Clay [Denchworth sevies) | Winter cats 2.71 {52

16133‘ [Bewzham socvrivs) | Winter ail—ﬁeﬁﬂ.rapel 1.0 0,08 |

# Zource of information references (3] (0] {10) [(12) [14).

Effesry on Soil Jonditions

{rur o5t dergiled abservations hiave been made on the clay loam;
of the soils used in the zarlier experiments thix war most lilely o
prescnt the gregtest Tisitations to swedessiul direct drilling; the
coements which fellow refer to =his soil except wihea otherwise stated.

Gompaction and 331l Srrapeth M2asuresents of bulk demsity ard
resistapce T A coRe penatroderter, i The upoer 20 o=, show that the
spil was pore cxppact ik the direct-dridled treatment than after
ploughing; the maztt cranges gocurred ie tee first vear,  Althoungn
eatly root growth war Sometimes cestricted after direcr Arixling, the
effect dininished withir a fow wooks.  Fhe Duik depsite and
Froetrometor resistance in the tine-cultivated ireas wesre
intermediate botweeon direst drilling and nlaughicg.

Seil Btructurs aod Stpbility Friable susface tilths have developed

o the direci—drilled trear=cent, =2Epeciadly in the antomn.  Aithouszh
this selfculchine property is senerally assaciated with soils
containing gentamerillomite clay. it i also iofliencad by ovher
fagters, ain ¢1ud;.g Th¢ prgAandc matter cownteat,  The presence of the
surtage tileh has favoured rapid germination of aeed Sewn in autuzn,
ard the tiith may have Doen 4 sighificant facter ¢pmtridutipg to the
fucoess af diregt driaking on this soll. Howerer, wet cenditions lead
te slakimg of the agpropatos, which may aleest disappear in 4 wer
winter. An incregsed content of ormanic matter bhas been found o the

[+ }Y
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upt2r 2.5 oAt ter repeated Jivegt drilling, ard this kas beecn
associated with inereazsed stability of spdl aggregates i this zone.
the s0ils on Wwhich we are working, only the Si1Y lean which is
ey waidly structured, and readily slakes has showm ne tendensy to
#epa et stabilitr of the agzremates or rfo forc a friable rilza,  On
the szndv loam the Jevelopeent of thiz surfaoce tiltk beocare
particularly prangungad br rhe fifth vear of direst drilling,

[+ is evident Iras the improvements of sodl structure eoften
abszrmned undet pormanont grasilan»llﬂ] that nomereas natural
cracesses can lead Yo fhe improvanent of =oil conditiens vwhen Sedil
is undisturkad. Some of those are discussed by Awesell and Soss{17)
Ir the vrerns 3o sammer & 14073 crackine in the olay soils was moch
mare rronounced than wsusl, 2¥ce2ding 120 mv in depth in the direct-
drilled plots, bur e & Lesser Jda2pta in ploughed langé.  More carth-
worms Rave Leen found after repazted direct drillins, and the vatio
oY totza ruamber an direct-dtrilled to that on plouched plots has
increased with time (Tabla 4), althoush the actoal numbers have varied
Torwbon Stasons depending on envirommental conditions Sach as solil
noistare. In Some soils incressed nombers of conrincous channels have
pccaunhtﬁ for mora rapid drainage of mravitational water afuer dipect
drilline" —1, and roots freely zrown dovm carthworn chaxnels.

TARLE :f NIMRERS OF EARTEINSIMS IN A CLaY 12aM AFTER DERELRT DEILLI NG
ASD PLOUVGHTNG  (Sanples were collected in the autuon,
betore primawy cultivation for spring barley)

Tirect- Ratig of dirzet-
driiled eloushed Arilled: plewshed
{mbers per ey

After first vear, 1973 i 143 1148 1.32 i
' ogopond v, 1974 343 713 i 1.58 I
- trira ¢ de73 1 230 o5 2.37 |

Aerartion  These changes ip s23il structure and cartawers activity Day
acoalnt for the fast that im szite of gréater ceppactiss of che olay
loaz =eil, he svowmer contctt bas usually becr as great in direot-
drille=d Land as ik pigughed dand. over whee the rainfall santers
varied censidarably (Fig L.

RITETAZen Suphiy  pure Titrogen fertilizer ar dit¥ersnt time of its
aprlicatien if sosetides, but noet alwavs, needed for maci=n= vield af
dirper=driilad creps thon these arowt atter Comventiana® technigues
2,3,18)1. Howevar the reasons are uncertalr, and differcnt oolanetors
are Likelw in different circopstances. 1o our wark on the ¢law Zoam,
R0 pitrarte cattert af the soil was consistently —awer (ov a factar of
T e 3) during p dry wicter (1072-73] betweoen Pecember and March after
dircct driiling, than afrer plougedieslW): the oapmen contz:et af the
Aipoer=drilled and plouaked areas was then comparativelr kigh (Fig 1],
and there was ky evidevce of depitrification. Marcover, losscs of
mitrate v leaching were praobably insigniticant: it seens crooable
that The ower nitrate contcet of the direct—drilled treatment was duc
matnly te @ decr2ased rate of mineralicatian of soil arganic nitrager
(97. Im the next year wken rainfall was hisher the lower nitratc
cantont in the direct=3rilled soil in early winter was assaciated witeo
LaweT axyenn (Fig 1) ard there was ovidetnce of creater denitrificarian
(Takle F). Ir tke third vepr (1073-73), when winter rainfall was
cxoeptionally hkigh, the comcentretion of oxveen tn tha so0il declined
rapidly in boarlh cultivatior trrasments, acd little pitrate was foued,
bring preswrsabkly leost by denjtrification.
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FIGURE 1 OXYGEW COXCENTRATION AT TWD DEPTHS IX A CTLAY LoAaM
(EVESHAM SERIES)
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TARLE 5 CONCENTRATION QF NITRATE-X IN S0IL WATER AND OF XTTROUS

DXIDE T THE S0TL ATMOSPHERE IX A CLAY LOAM (EVESEMM SERIES)-

{For rainfall see Fig 1)

¥itrate in s=oil Mtrous oxide in soil
Depth vater {.z % :1“1] atwysphere (ppm)
[cm} { Direet- Mirect—
drilled FPloushed drilled Ploughed
Yoveoler to 15 34 g 7 1
Decezber 1973 a0 12 13 &3 =
a0 2 2 7E =
Jammary ta 15 i) 32 32 ik
Mar 1574 R -1 22 13 3
P 4 L 7 27
¥ Sruren af irfomation referonce ts5].
oonclusions
Mo owell structured and draZeed soils @ wide range of
culrtivation vechoiques can produce satisfactory vields; and
simplified caltivartion car save labour and enevey,  PFarchotmore,

the sharter time mequired 1o sow & crap may oesalt in improved
eima2liness of soving, and oay make i* passikble o establish a lakeer
area 9Ff higher wvieldine aviuamn <tops of ceryeals of coil-sacd taps;
whern this is the case, reduced cultivation may be parcicedarly
beneficial an heavy soils, dut a% present rhere 15 inswfTicient

successful .

infarmation an the exact comderions when direct riTiing will b2

L1



I~ iz chviously important that the factors linicizs the
fooriveness of different muitivatier woTheds skhewid be properly
entified.  En much past uxpﬁr' wental werk in which tillaee methods
o genpared, TAE reseRTs ety hdee bSoen inthueneed By imedeqvate
word ceatrel, a protlen wicol® car D oexpected to decroass with
anraxcu heroicides.  Fraz the polnt of vicw of soil disturbance. amy
rigid dZstincticon betweorn d2FFcrent foms of reluccd culsivation may
o :1ahead_ng, sirce the various techrijuss ropocsernt o comtinuum;
tive amzunt of soil disturtancs cfuscd by direct drilling into ¢ Friable
scil mav not differ sreatly From thait causcd b shollow <ine
cultivation., Idrecet drilling reprosconts the mast extrese Torm of
roduced ealtivetion, ond thereferc is valuable for ressarch. Thz
cxtent o whick it cak oo oventoally romamdcl as appropriats in
oractice will demend on pary JgcTors which can inflaence its
relignility: elT20Ts on 2oll condizions are obvieusly of sreat
inpartanoe .

Thiz papse kas ooy sollined o work «ith wduich we have been
congeTmed in souther cngiand.  Thers are ngzoroud: ISPerTafnt LNpeTs
by other ingtituzes F the Azricultueral Sasearch Caumeil, ixclading
the Weod Hesearch Orzanization, by the Minjztry of Agrioulture,
Fishemiss ani Fapd, kv unjversitizs and by commercial cespanies.
Finally we aginowledze the valuable co-gperatise of XMr Jo0. Eildpst
37 the weed Resears h Orgoawdzatien wiczh whenm we worked ¢lesely ik tae
aprlier sxperimengs.
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The Trk Conference of the Internaticral Soil Tillage Rescarcw
Jrganizarizn, Swedan, 157G,

INFLUENCE OF TILLAGE AND DRAINAGE SYSTEMS 05 PHYSICAL
CONDITIONS FOR LOAM-CLAY SOLLS CULTIVATION

Colhisei
[apituto Sperimentale per o Stodie = 1o Difesa del Zuolo

Florence (Ivalw}

ABSTRACT

An experimcat carricd out on loam-clay soils inCentozl
Italy to evaluate the influence of cillage and drainage sy -
stemns on winter wheat growth and yield has gshown that mint
pwl-tillage may reduce yvicld of grain in comparizon Lo plou
shing ay a consequence of an incredse of s0il compaction,

Underground tyvle drainage seems L9 Tavour a reduction
of runoff without decreasing water SLOrgee b0 g damaging
limit for winter wheat grawth snd »ield.

TNTRODLCTION

4 large extencion of loam-clay s0ils in Ceotral Italy
are ocriginaved on Fliocenic marine sodiments.

They present poor physical condivionsg in relacion Lo
plant establishment and e¢rowth.beside an high fSuscoeptibi=-
lity to spil erosion [mainly mass erosion).,

Some mineralogical and phyvsical porameters of the
leam-clar sodils of the Era Yaller (Pisa) arv reported in
table 1,

The presence of a large
amount of expansive minerals
in the clay fraction (<0, 002
== mm) explains the higsh porosi-

Ty, plasticity and water re-

tention capabiiity shown av

i a R T o these so0ils,
T e o e Their behaviour - as To-
T et 1" lacved te the Era Valley ¢li-

mate —. would be cleared by
comparing 1he mean precipitation semmarized in a RBaemculs-
LGaussen Jdiagram, with the ETF cwwdd- values calculated by
Thornthwaite fovmela [figure 1),

Precipitations are concentrated in £he autoean and
Spring s<asons, while o prolenged dry peariogd cocurs  bet-
ween May and Septomber,

Spil dehydratation im vhe dey pericd favours wolume
contraction folilowed by cwracking., At the same Time cohesion
and =oil icpedance to root penetration woiktld be enhanced.

PR



Traceany. hkowsver would Ircrocazi maaropdresity and
roduce sulk dersity, mairly in she aoger S041 lavesr (Lulli
& Ronchetyl(411. Sfalansa & Rixzo (3} have zhown that the
direction of crachking changes From vertical to horizontal,
pes=ing rfrom =20il o parent matorizl,

Macraporosity due to ¢crackibr ranressnts The proferen-
tizd way of water roccharige L5 the soll durinsg the putien
season in wndisturbed scils [sods).

Sail watar rTecharce in autumn isd very ilmportant [or che
coluivatvion of these loam-clav soils, Lelng pesponsicle op
water Storazse Lo be utilized inche

prricd of rainfall shortage {35 com U alvlaed male B oschirgs
e a - : - LR TTY 1. ) D daleid

pared to E1F), hepinning around  F piras h
middle April. il /_\.E" :
. Yoo

I JGCralse WALer STLorage,to be
urrlizad oy the 2400 COMMLSC GOt -
Lion represented by wintoe wheap S
mixed ley, the Best Syscem of Til
Tage devised cp today 15 sumeers
ploughing up/down the slope vsing ™
powerful]l Lractors, sometime inte- r=:1;.:u:...'é..i.;;..':f..'-;}1.‘....
grated by Srainage surface chanOTly i cre velues ol vecorelie szpanmests
or grassed watoTwars. hormak no the T CemEm i
slope lime, to reduce runoff velocizy,

vevertheless, this hind of zoll management wake —he land
supject Lo masws cresion and landsiip,during iave auturn,
Winter sEIscTt, ir TAiny voars.

Another peeuliar charscteristic of thes: loam-clay soils
ig gelf-mulching, rerprescnoed hy the farsation of a laver of
fineg aEaresates on the S0il surtoos,. Selfmuolching-which co-
wld attoin a deepness foem 1 to few  centimetrmes—is probably
cansed by the consistent variation of tenperature and rela
tive humidity hevween dav and nishs io the sumansr peRriod,

In pelation te ergexing and scelf-malchiag phi=ooneha in
the Era Valley, it was hynotized that winter <heast cultiva-
tion would e possible wichour ploughing the soil,. by apply
ing@inipum-tillage praciices, providing that:fi) water io
fiitration zad reciharegs it fhe =0il would bemsranteed by
craoclking poresity; (1i) an appropriscve seed-bed would be pro
viged by summer self-mulching of the soil; (iadi} weods oen-
tral would be possible by the use of ncrbi~ides ta alimi-

rnate eivher oatural sras=ses or lapsge loar SPRECLGR,

Four snil atabilization azainat mass erosion z2nd land-
slia the wae of an undergrouns tyvle drainsge syston was de

i T watar in

AnAApdashl yry C

viged a5 Lhe bhest way to zlimicate Lhe &xcess o
the soil daring the winner rainfall sarplus.

FAcERIMENT La¥21T

In compara Khe Zotluence of difforont sysoams oF qﬂlL'Eﬂa"“

Tl
menl, oo wWikter wnoaet groesch acd vield,as reiawd oo soik phx::-_tal



condrtions, an experiment was carricd out at cheVicarello
Experimental Farm in the Era Yalley (Fisa) on loam-clav soil-
formed oo FPliocenic marine scdiments {11,

The following soil treatments were factorially carlined:

Iillage {preatments

(%)} Minimum=iillage performed by desherbage with
Paragquat followed by disking.

L] Plogshing of the 504l in Summer followed by disking,

Drainame treatiaienns

{¢] Undersround drainase with PVYC tyles 0,80 deep and
Sulal apars.

fg) Abhsence of z drainase svsten,

The plots peceiving croatments  ac, ad, be and bdwereo
cguipped for the measure of runoif, drainage discharge and
eErosion.,

A detailed soil survey by Lulli,BEenchetni and Tellind
{3lacknowledged the presgnce in the experimental plols of j
series of s5o0il dencminaved "Pegoliaa” [Entisoll, "™Mattaicne”
{Inceptisol) and “Trpe ¢" {Yeriisol} (Lable 2).

The relative areas ol
UL T 1.0 the different s4il Series in
: eviery plot were mapped,
— —— ' - ee— Samplins for wegestatior
e . . ) and wvield moasurements were
randenly performed in each

» - arsa.
- - . : Test ¢rop, representod
S o L by cv "Funo® winmer wheat,wa:c
sown for several years in

Noverber and harvestoed in Julswx,

Weeds ocontrol was rcalirad uniforsly on 511 the plets
by pre—emergence Teburtin {In:rmﬂiﬂ} ggainst grass weeds
aud post-exergencs Loxinvl #MCPP {CertrolH ) asainst largo
leaf weeds,

RESULTE AKND DEGSLOTSSION

Hydeolopiecal and Physical seil dats {calble 30 show
that willaze and drainage treatrents have influoonced ta oz
large extent 20il conditions in the Jdifferont plots,

Floughing would increase cracking and reduce bulk den
sity in compariseon to minimun-tillage, Mercover, the impe-
GRG0 L0 root penetration 12 consistently higher in the
minimum-tillame plots during the Spring season while Lhe
differences dizappsiar during the Sammer,

Runeff is resarkabily enhaneced in the plocs without
tvle draimage., [rain di 5o nz “ge on the other hanod. is larger
¢n minimur-1illage in conparison wo ploughed plots,

7:3
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The yearly amoont 0fF soil eroded by runoff 15 general -
lr =mall, burt cevidently higher or the plouwghed plots,

S0luble salts exportation Ly runofl appears to e rea—
duced in prescince of tvyle drainage,

¥inter whcat root & Shoot growth {table 4] - on which
some prelioinary datz have been proevicuzly published (2) —
seems ©o be favoured by olousking the soil, 1o comparison
to minimum-tilliage. Moreover, small differenccs indicate
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that, in absence of Jrainage, rdot atd leaves bDiomass incrs
ases while culm heishy  decreases,

Winter wheat grain yvield resules simmificantly emhanced
by plowghing in comparison %o minimum-tillage {rzable 5).

Alzs0, the presence of nanderpground tvle drainage seems
Eo lacredse The winter wheat grain yield were consistently
g the Maptaione thain on the Pegoling series of soil (Tipu-
e 20,

The wheat grain v¥ield in the ploughed pilocs duoring dif-
ferent years of trial resulis almoest wniform. Io the mioimum—
tiliage plots, irspead, there is a large variability with a.
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i el i ::.:::- consistent increase of vield from
- — the Tirst to the third year of
E“' —— — cultivation [figure 3},
z . T It was hypotized that weeds con-
E-' ' :I gt trol By the herbicides may have boen
: }| P H | influenced by olimstic condition peo-
- A - : : culi#sr to #ach vear, In any casc,the
. ._'.1 i I | controlmsy have Seon better in the

AR LG e e (8 34 G ploughed than in the minirum-tillame
T o ek varoan om et g s Plots,
Hydralogical variaticons hetween
Crreatments, and specifically ET differences, do et seem to
he responzible for the differences of wheat mrowth and yiald
chserved in the plots (Figure 47,

- ._----"‘--.,_‘ In fact, water sShortage begins
™ in middle April, S0 that the amount

= of water sgvorgge in the 3oil appears

. o he =ufficient for EI roguiroments,

during the final stages of wheat i-
pening, ¢ither in the ploughed or in
the minimun-tillage plots,.
Clearly, minimum-tillame gatgn—
[ — R —— - . = - '
e “r s tees a sufficient rechargfe of so01l
pRan water for whepn cultivation, thro-
Fop 2 Intmialic= ?-!t.-!l-l- nulligl snd pqare g ugh Eracklng natural :||acrﬁpur95it1r-'
WkiE1 phdik panln - )
- - Also self-myglehing seemsz to pro
P T DMARRAM—— vide a good natural sesd-hed for
' ) wheat gsermination and cmecgencse of
. o . geedlings, The dats of wheat growth
' e at the tillering stage conlirm what
AR above, beioy not deteccable differan
L . aHm —
. ~Cox on whealt root & shoot Zrowth
T .
+H7 - at such stame,
e Storcing from tillerding tinc,
Lol L A R e ol e AT wheat. 1 bi: s b ey . -\.f. ‘h
Fipd Bllpgrnce of | Tam whear uiim riplp _ = D 4 Ebln TO sSurrer he
me rotnhnal b cillnge sad deainmp 3pEam increasing scil compaction caused
by s0il dehydratation following roduced rainfall and incre-

ased ET.

F.
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Koot clongation agpears consistentcly impeded by The inoae
svina s0il resistence to penetration and bulk densitr{fimureg).

_ verrnge Bul fenrity by uiir ) Moreowver also wheat culms appeac
. g - = ti e shortvengd Wy the effect of the
T b LnGPoasing A0il vesistence ta pene-
T e trtation and bulk density,ia relation

8

wwhe different tillage and draivage
rrpatments {Figure 57 .
It pppearE clearly that the enhan
T ced 505L,)] compaction ~in the minimgm-
tillage in comparison to ploughed
pless « is the more eff ective cause

-~m

#rpgalapia 1o
LTI T
belwnan rackade

LI TE LT S TR LY P Y PP

]
Fig 5 Meeluiaon belndaan pmlb deiiily ansg Cplny

Pt 01 hewaabing """_ ai winter wheat growth and grain yield
] q""":“":"""l'.""' g rediction (figures 7 and 3),
_f_,j _“-—r-..'_-f‘ - “I'“'_"_ {:?nc:lu::.ivel}-'?jt; conld 1.:|e satd
= that inh those loam=glay soils a con-
E'*'-;:---,,..... sistent decre.aaﬁe of winter wheat
i !:...:.,_.:f.:."" I'I, growth angd yield may be expected hy
e LS the application of mipmur-tillage in
E R H corparison with the noreal plougiung
E.:::{::’::;;T LY apfdown the slope, mainly as a4 con-

segquenee o an wnerease of zoxl

Fig. 8 Feleride bai manm buH damvicy sk COIMEa CL1ar,

FHRE S R ey ime In any case, =0il undersround
+H. .
il 1p-gEdATE T8 grmnafl LTk di‘-ﬂlﬂagﬁ '-'-Du.-[-ﬁl
g em' pinp i Aop | Bepll
w,  ® R T enhapnce the
H ¥ - . .
: 5 stabilitr of the
i, s given loam-clay
£ v 8 s20ils bv the
"
:'-. " : hﬁu_:l--ﬂ:ln-wu' : e . contral D‘f ™iarl
- 5 INEAYN TILLLGH n ~ -
J:: . a . - b BELImach .E, o hLouEding a1 f al‘ld E-r‘-:rs_u;m?
", s -
B a i T - F * e TuLaE without redycing
£ 0 ©o dARamies the amowunt. of

krwrega ok Aty by -Liee

. = W b o
Fig T frup s H’li‘:‘-‘n WG grpum Pkl g Ful B Balnt e ] wran bl eais ater I‘Eﬂha ["_=,E
wed byl demsnly prabd el Ul G RTRL | paslen ] g Ly and Etﬂrag& at

an extent in which plant growth and viecld may by nezatively
infilucnced.
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The Tih Tonferonce ¢of Intervatiecenl Sof] Tillage
fesenreh Groanmizntlon, Sweden, 1975,
INFLULNOE OF ACTIVE TriL)LT NTE ON SOME PUHYSICAL
PROFLATIES OF ZGILS aALD CIIOP YIELDS.
I.Dechinlk, Si.Tarkiewlez
AHSTHACT

The influence of the Poligh plough-miller as 2n aotl-
ve culitivation implement oo aoll atremgth,polisture, total
poroaity, bulk density and crop ylelds was studiaed.

The studlezg were ocondusted in the years 1973-1975 an
broen soll formed from leamy sand. Cultivatior with tha
mould-board plough was takenr as conirol.Experiments were
parformed¢ 1n four raplicas wlith polatoes, spring barley
&nd rye ualng trifiald rotatlon,

The use of tha plongh-miller wao found to cavse a deg-
crmass in atrenpgth apd an Increass in total porosity of
the cultivated soilihowever,it did oot vary s50il nolsture
nantent in compariaon with coltivatlon with the mouid-

board plough.Cultivation with the plough-niiler hup & Ifa=
wourablse sffect ¢o the yleld of the plants etudled,

IHNTRODUCTION

Investigations concerning the Influence of active ou-
itivatlion ifmplement on physleal properties of solls and
crop vields have been conducted in Foland for savoral
¥Egr's. Thelr purngie 1 to dotermine the merimum use of
these lmplewents in basle aspll cultivation, which Ieada
to raplace the tradiitlonal cultivaiion implemonts of ool
guchk aF mould-baard plough, harrow and cultivator.

Agnarding te pome auihors ]:1,2,3] , the uae of aptive
loplements sliould reduce tha pumber of suplementary tlli-
lage and,1ln consequonce,raduce sell compaction dus to ftha
dacreased number of iracior cperationg in ithe field.

The problem, howeveT,ls whether the use of sctive Ims
plement: doeg not worsen phyeiceal properties of goiloc and
erop productivity.

Fig.1 The Folizh
Floupgh-miller
1.5hars skln couwltar
2. furrow openning
body
J.Enife scarifiar
f$.rlap coulter
S.cardan shaft




Jur gtudles aimed L evnlontden ol 2l enltivation
with the plough-miller[a ploucsh esciined Gith active and
statle working ﬂlemantéjns conpared with enltivation by
using the mould-board ploursh ne thoe atomdinrd [fig.ﬂ.

METHODS
Expariments mare fonducsted on brown acil formed from
ioamy gand, in the yenreg 1973, L1974 and 1975 [}ah.{].

TABLE 1. Megchanleal compositlon, phyeigal and
chemlcal propertiss of tha asoll,
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The experiment design comprised comparison of stre~
ngth, moiaturae,total poresity,bulk density of soll and crop
¥lalde in two combinations of nultivatiun{tah.?] with thrw
varianoes sf trifield rotation, fn feur replicas [tab.3]

TABLE 2. Cultivationm maagurag in combinations.

-

! i Floughing with plough-!Ploughing with woulde

e et e e e e

1
1
Gultivated : miltear { board pluugh :
tphlanta I = - i ————= -
: | cultivation jmonth {cultivatlnn lceath !
L measUres ocasures | !
- - H Rk
Ewintar plough= | 1x iminter plﬂugh-} 1x !
t ing 20 co deep ] ~ .1ng 28 cm deap! 1
oo ) 1
! Potaloes ] fertilizing NFPE! |f&rt11131ng NFE !
1 i harrowing R .harrnwing I v I
planting ' Iplanting i ;
————— R 'R ek : 4
winter plough-~ | ¥I fwinter plough- ! I I
Spring iog 24 on deep : ing 24 ecm deep! .
barley fertiliziog NPE| fertilizing NPK
! harrowing | II] iharrewing £ 113
! i gowing i 20Wing I
| T~ - - == - -
= Firet plough- | firot plougk- :
I ing 12~13 cm I?III Fing 12=-16 cm : YIII
: | doep ad ! deap 1
| R I r 1
: ploughing £or | | ploughing for
: Rys gewlng 24 em ] IX [ sowine 24 om I IX
; deap ! I deep i
1 i
i i aowing ; X :Euwing ! ¥ H
i | harrowing : | harrowing : i
[




beare | . Botetdon ______
plot I | plet II lplaet 132
- r

r!"!-!'-'-'!'l'-l'llr--'--'-’!'!-- T —_—— = T TTEE .

113748 y potateocs] epriog :ry&

t
E e _Darley - - TABLE 3,

1574 spring ' ryoe fpotatoes !
I 1 I
1 i hﬂEIEE_-}_ﬁ ?_ﬂ -~~—E Crop rotatien.
11975 ! rve ! potatoas) apring |
l L A _tbariey !

So0ll ptrength was smeasured with a manual epring-penae-
trometer every yoar,in April,June, Auguet and Octobar.
Soll molsture [:ln % hy nﬂight] end buik density [:l.n g.-nm"ﬂ
wora determined by the svaop—dry method and total paxosity
by alr pickpomataer.

BESULTS
Eoll streacth and molature content.

Sol1l strength was bhigher in the gummar menths [June,
Augusp] uwnder all plapts studisd regardless the ouitiva-
tion implements used [rig.z2).

Bowever, 1t wmas lower in the goll zultivaled with the
plovgh-miller in coaparison with the strength of the soll
oaltivated with the would-board plough &lmest in all won~
the [ﬂg.a] .Thede differences are distinetly higher in
the s0ll under aerg¢als than under potatoes,

FOTATOES EsF_EY BrE
Nyl B [T s 4 R
S :. rf O - plough - ritler
¢ | " i A 7 | @ -moulgecad plough
= 3af, 1 i A b | A
2 % P B |
Yol 1t = LA 4 3 %
ta F AR |
220L A LT | L A B
Ly Fa L] ] L] |1
=] ALt T | A I v [ij
Ly L it LA LA L iE
ol TIA I A TTA L 14 14 T4 (T4 ¢
TE T VT ne vl vl X Wl owm X

TIME &F MEASLREMENT [MONTH/

Mg.2 The influspne af gempared cultivatlion measzuras
on goll gtrength [mean value of 3 years],

The differentaticon of stremgth of the soil atudied ia

related ic chapges In meolsture conitent af thia selil, par-
tiguiary in the vegetation period,.The gtrength of the =mil

%
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in those periods ware quite raveiss,although the variatien
of thiz characteriptic wag not significant Im the perilod
etudied [fig.5].

o 03 ploughemiler

= Y - rreesboooard pough

-:.U'.f '::-n'ra'tc-es- t:-ar'Lef,-' rye

£ 1358

“3 Fig.5 Tha influepece of

Ly, compared cultivation

E‘ medsurey on 501l bulk

g depsity in g.ewd [ mean
3 value of 3 years .

TIME TF r» .ﬂ.":LJ:'Er%"* NT,-'T'-"CM I-h-r

At the bezining of the vegatation peried tatal porogi-
tv of the 50il cultivated with the ploush-miller wag sli-
ghtly higher thon that of the Boll culiivated with ths
mould~board ploush, Fartigularly, gimmificant differenows
{Eﬁ}were found under poistoes and rye [Iig.*],

In avtum, total porosity of the soil did not vary in
ralation to the cultivation ifmplements used. Consequently
the inerease of total porosity of the soll caunsed by
unaing the ffough-miller is2 gshort=livod 1n velation to
mould-brard plemzh cultivation, The sall, beimpy cruobled
and wixed bettsar hy the active wlements of the plough-
miller, deposits dtself faster during the vezetatlon pa-
flod and 1ts iotal porosity approximates the level of the
ptirasity ¢ the scil cultlvated with the cruld-~heoard
ploursh.

Crop yiclds.

[ S R —— . )

Crop ylelds of the spil cultivated withh the ploughe
millier were s3lipgntly hicher than those of the e0ll culti-
vated with the mould-boord plougly [tab.a]. Thiz i1endency

TAGLD 4. Crop ylelds orf plants in q. hafi.

( Cultivatdlen 1 ___  _ Cultiviated nlanty = ____ '
! measure I Pntutubsi Sprine bariey | Eyve |
T T——————_rr———-— = —_——— - ——— —-—--—-——--—-—-1—-—*-—-—-—-——
|: Plousrl=illur | 251 42,5 R
AR W e e -—-l-l————-l-d-ll-——-—-—-————--l———-l.—-—---d—l-l-—I
I Mould~Loard t i |
Lplouzh__ ks L 1380

&;t



is correlated with more faveourable phyeical properties of
the ooll pultivated with the plougsh-millep. Thlis concerns
particularly higher valoes af total porosity aod lower
atrangth of the soll at ths beginding of plant growth.

E:E

CONCLUSIONS

1. The usae of the plough-willer in basie cultivation

-

causes a deorease 1o so0il strongih and an increa-
88 1in itotzal porosity of brown so0il formed from
loany sand in comparlcon with thesa properties of
the soil cultivated ¥ using the mould-Epnard
plough.

Fultivation witih ithe plourh-~mlller a8 coopared
with mould-vosrd plough cultivation 41d not wary
the s¢ll molsture content,

Tha rgplacemant of the mould-board pleugh by the
plough-miller in basic ounltivation baa a fayoursw
ble sffect on yields of potatoes, apripg barley
and ry¥ye of the sclil studied,
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The 7t Conferencs af the Interm=tignal Scil Tillage
Resgereh Orgatlization, Sweden, 18760

waTE R UDTEEE BY wWH=LT ROCTS IN TIZ=0 amD UNTILCED GIDEGE
EQZL
Wil¥ried Ehlaers

Inssitut Fir PIlanrernkar und P lanzenziicntuns cer Tnli-

varsitat Gittingen, won-5lebold-ftr.S, i34 GEtilingen,
Germany
ASSTRACT

The water uptake wezitesn ofFf whest recks was iavestigeres
in the field with zero-tiiled nleits and convenitionzlly
villed plot=s. In Dgth tilZazge treztments waters was a2b-
sorbed mainly in the =oil ton lavers, where poopting den-
ity wes high. But whern the <op lzvers beczoe drv, the
zopne of maximum waisr uptzke wis shifted To desper =oll
layers., Tte aveilanility aof weter wzs strongly depencent
on seil weiscture ftencgian zirezdy in the low Zensgiaon
range (L1 har ). In tilled soll roots shrsorbed lesns wia-
ter from the 20-30 cm lzyesr with 3 small pocgsity =S
campared o =2 zcent levers wich higher parasitiies,

IMNTRODUCTION
The wiifer urtcke znd transpizsetion of pients will depend
on the metsrological conditlions, the hywdrzulic proser-
ties of Lhe 20il! =rnd the rooting zysiem of the plasts.
fom previcus fnvestigstions it was fLnown thet porosity
and hwdraslic Funcrions were different In tilled and
untilred loess =oll (Enlercs and van der Ploeg “57G).
Therafore we expected thet woter uptazke pattern of wheat
mopks mignt be Infiuenczed by tillage. The aifn of “he in-
vestigetion was To snow, from which =pll lavers waters
ig extracted ©w wheat olants and now wster extrsgoilon
is Lnfluenged py raooting Sensity, Ey wsver tonfent znd
wzter tenzian respectively and hy the oorosity of one
za1l.,

MATZRIALS AND METECCS

Tho experiment wis cendusited 1o 1571 witkh winter whezat
oA tilled znd uwnitilled grey SZrown oodzollic spll derived
Trom leoess. ©n untilled oiats Lillzce had Leen T* teld
for Tour wesrs, Within 2 m decp zail profiles Solisturs
TENS1oNE were recorded daiiv snd water fonteniz wers
deternined twice : week. Rock weighi of whest pleénts
waz determined Lf devenl dzbes Zuring tne vegestotlion
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i Toin gn upward flus Jue o evEDoration anc a down-

wnest planss smounted t2 82 to T omm operc da
-ace LtrestTmenbtsE. water uvuptaxe Sf SoDiE WED more
restricred o the top levers of

=
imiddie <f the Ticurel. At Julvy 27-7I ths urco

g NI decrecssed ko
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a4 maWinim owoter uptoke hing spifced

975, where €0 to T R of whest Do9ns o we

2riZly 13 to 17 R oaf the water. which wes evepouirans

by the pleptz, wes teken difeccly Zfron levers pel
Ta

Zepth. Although rooiing dencicy

e laver of noth tillage trestments, water upteide Sooom

'r
T oof billed soi. wet oniv 50 % o the waliler gn-

= the leyer of vnitilied =oll.
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- il R dedmE IE fmmi A oSmEd (%)

O-200° 150 LD =3 Ta0 125 100 = 2320

O— 0 LA 5 4 . 25 22 25 45

Ta- 20 g 1 2 1% eL i7 E 1L

g B Ta] Z ¢ Z ? L3 1 =) b

in- = i3 11 > - 4 12 g 7

z0- &0 7 o 3 5 i 17 b =

Sh- el 3 = z " LS g 2 z

&0-20C" P v T 15 15 & 10

" Rozti I O-T00 zm g 2U-T00F Zm respectively

101



las anc

[
rY
I
a5
=
rl
rF
i}

P
~
L
m
01
I~
L
#
%
i
-5
Fa
i
o
by
[
1l
[
I
| |l
1K
-
1ty
1
o
L
"'h
1T
1N
|

Uatilled s3Il arg prefelted o Figure & =2 & Ffupctipon of
UTZatlrose?d Bwdraullis conducoivity and relized water
tennlions end 21f fontents. Turthesmaroe the flugnze of

c
ceivy as Sertermined ar cewven Jezics during the ve-
n pecicd gn watsr ebSozpblion is

]
cure. THAe curves were ochitezined By ruliflelo Segroisisn

smElvEie using dite o wator uptake rates. Jeot WEIght

gnd Myorsulis cenguoctivicy. I tne S-T0 =m lovers of

both tiliage —raztmerTs uDoaxe cztes Secreased shergply
4

ec Soil zod inm o the E0--0 on laver of untlililesd oll we-
0 vas STEe_- BT _ow Zenslians. lAcsezsed wiih
nsipns 208 *ssrched mExifuM vEluess within —ke
weEnsion fangse Cf Cef To 1 Gear. AT RAcher Tenslons waber

i

apsorptisn decressed AgEin. SImilzay FESULLE Were LeEpor-

tad py Yang znd dz2 Jeng ‘1. The Troanszpiraticn rote
of whest plsints, grown it & Joll felumpn of <5 o
wis Dilghesz¢ &7 cbout 1 kar Tension. Hedliced Lre
ticn at lower Zessissns wes attributes oy the authors o
megucad 5011 ARIstlon. A5 BErotiosn 1D L gifiusion oro-
COSs depencing on rath lenatn, Lt seems feasonabie that
‘n the soil laver recrest The surfooe wazter Uptale de-=
cresged comtihucliy wich e

Resulcs prescnbed In Tabn

WETEL uphake may e snoell In ths
the t1Zlage deptit. It se

tv of zoots for weter uptaxe t2 the gorocsicy =nd the
cofe size Sistoibution of tie zoll. Those cdate sre lis—
ted inm Tekie Z.

Within the tliiled 50l the 20-Z25 om L
2

&

wis shawn by Lhlers znd wan der Plaseg (1%78) fthat the o

sezubzted hwdrzullco confuctivizy it thi Jow tensl

e, marl wiS Less in ke FO-30 2o Lewver £ 11l

L5 Compered o adjaceont lavers znc the laiyers
&

=
SAME WS ErXuts wittn the satuszted nydrzoelic
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' af whezst reats Sram
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Table 7?7 ~ Porcsitv and wolume oF pore CLESS85 1n VArigus
iayers of tilled and vniilled soil ’

mmm———= Lilled —————— —ew——— UntiIlled ——————
Layer Porosity Pare class | u)  Poresity Pore olass @ oal
230 3I=30 <3 *I0 3=30 =%

TCTal - - o - VRle B —s—me— - -— -

2= B 2247 18.3 16,5 23.9 Sg. T.7 0.8 Fa.f
0-Ta ZE.N0 2.5 s.C 2V.C LEL2 .2 3J.3 26.8
20~Ea 44400 T.a B,T ZH.A LaaE d.0 0.4 2&8.32
0-34 < Tah Tl.f ilun 245.35 53,0 13.7 tl.% £5.3

conducktivity (Thiers, 25757, ve supposes that segulsas:s
plowing reduced the continuity of pores conrnecting “Op-
ang subsall (Ehless, 1978a). Sush 2 Rind of pore Inier-
TUpLion was gemonstratec for macsochannels huilt un Zv
earthworms iEhlers, 197%i. The comseguences af rescrlc-
ted werer Flow cagsed By tillace mey De zeen foom weter
conTents everzged foom April to Adgust, which fre liszed
in Table 2 far Yer-igus i:zver:z oFf tilled snd untilled

epil. Weter contents were nigner In {illzce depth o the

1045



Teo.e 3 = Waber Conlenct avoreygec from Aprlil to August
in differenst laverss of tilled apd untilled aail
Ei.led untilled
Leves lcom) Water content iwelght %)
-1 .3 +7-0°" TV.Z +m.Z
10=2% TTa2 +5,5 16,5 ¥4L,4
£0=30 177 +247 6.6 t4.l
20=20 iTAT E.R 175 +3.5

* Mear - stancard <Gevistion
Tllled gion as cormoasaed Lo zThe until.ed ooot znd 1imiied
ter Ilow caused the hicher wvezrsistion of weter contents
the Lop lavers of the tTilied soil (Ehlers, 19%7G6al. We

[
I_|.I 3 IF'.I

Jieve thatlt limieced water uptzke by fpots in the 206-=30

P

cr laver of cilles zell wes Zaused Dy fLhe siructore of
that layer., The =lightiv reduzed paroasity in connection
with the pore discontinuiiy mighi have cazused zeratlon
cefislency o g Hifro«sczie Jule 2o nNigher waker contetits.
T: zeems to us that for the fivxst fime water uptake of
Tonpts was shown &p be influenced oy & plow =ole, even
though it wes snlw 2= slightly manifested at in this ex—

sariment.
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The 7ch Canfereonce of the Joatecrsatiocal Zoil Tillage Researelh
Orpacizacian, Sveden, 1976

RERULEDR TLLLALE SYSTEMS FOR THE SEMIARID WORLD

vharics R, Feonster
Professor at Agronamy
University of Xebraska
Pamhandic Statiom
Fcotcshluff, Sebraska 69361

ABRSTRACT: EReduced tillage can be beneficial o the semiarid regioms
whzve ¥ainfsll, wind, seovys Incensicy and so0il is hdighly wariable.

4 vaduced Lrllage svyrce= uRes Cillgoe za contral weeds, conserve
moilstere, prepare the ssedbed for rapid germination and deveropment
of che gyop while preorescing che sofl Iyom erasian.  Fewer erips
across the fleld means =eduged energy, cize and Tahar impurs wich
cicimal yvedwarion of veperacive regsedves and =ini=al s0il comBpaccion,
Bedusiag cillage operations alsa vsoally vagulcs 2n less rumoff and
avaperation which means Sore water for crap araduceion.

JL3C088I0%:  More Ehanm 50 percenc of che earcn’s land surface iz con-
sidetrad to pe in regions where anwnual precipitarion s less chan 56
e, Ta thege reglocs, warer is che zajar facroy Zimicing crop pro-
duction beecsuse vaxinfall iz low in comparison L0 crap warcer demand.
Drvland faemicg i% rhe Cerm gonerally applied ra arabhle agrisulrure
wherae lvrigatios wiarar is »oC provided. A gurrable sysces af land
GOe manaremant pusl exaszle poedustion and arovide means al contral-
liag water and wind oresion it an accopbable lowvel. In —any seotarid
and arid regions, local topography is the result primarily of «ing
dcrion. Vindklown soils arc cocmonly cozrse woxbured and ars wery
sesceptible to écesion.  Managoment ciractéd st Grasion concroal and
cHristure conservation is particwolarly i-portant in fhess gress. In
the semiarid and arid regions, the proportion of tice Jevatbtad Lo orop-—
#ing sheould be related to amount, effectivensss and reliabilicry of
moisture. Cultivatien shoueld be minimal and Sirected toward meisturs
and s0il conservation amd providieg scitz3le conditions for seoding,
cerminaiion and crop develcpment. Jevaloning satisfzobory land use
WEDAQEMENT Braccices is complicaced by variacions 1o clipece and secils.
Bainfall ig wagpiable within and bebweexr weics asd vdAbles gichiz sozll
areas. Physical and chemical soil peoperpies way alzo wvary cornaider-
ably din g re’avive smaldl aroa. Lagd wse saaagesaar prascleas mest
&Cahi’ize crop production and sodil erosie=. A fouxd mdsafenscl svs-—
ce= shav.d hawvi 3 seahildzing irfleecce Trom yeas [o yvedr ik spice of
the warigiion in ciimatic omd soil Fagtoers. Croeanlaizp practices pay
noc cake full adwaniaze af {nvecakle cocditions pur are cacassary Lo
adecyacely satogusrd production ducing vafavorable sonditioks.

The prizary purpese of tillage is to contrel weads, modods wind
and water erosiom, increase woisture storage and autrieal celeaso
through fallow, and prepare a Eirm mellow seedzed. Thne eneTgy oo-—
cuiremene for plowing is hign in relatiow to ochetr mebhods of
initial cillage. Each time a tillage coervatic: is performed, noist
soi1l s ewpased and a1 woistucre iy lesc by evaporvacrion.  This so0il
molsgure lass reduecs the value of Ealleow.  Zedoction in seriace
Vegerarive caver .eaves the s0il mere supject to wind amd wales aro-
Eion angd lowery the Infileratiop rate.  As wicd ertesion icoreages,
pallution of the air by dust increaszas. As water erosion increases,
Lhe chapoes of sedirmentaczion in lakes and streamps iocreases.
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A roeduced Tiliape svSTem uses CIlluge for bne primacy Dorpose of
cﬂr:fﬂl-;ng wreeds, conserving ¥oTnr oand nregaring che seednad for
TRpiIL ger:inatiaﬁ while procescing che so:il fros prosion. Uader-
AEeund outbing cillzge cocls ehar do 20r expose =aZst sanl may be
vacd for weed conteel.  Herhicides may te used Tov replacing all of
park o che cillage opavarians.  wesds =psC ve comzratled in al)
Thasss af cvonm peodasciod ca prevear favrhar dewnlapmemt 28 & souree
of waad zeed.  Sevaral cpervations nay e conbined into ane operatic
o #liminace tcaffic ewer the soil. Many terwes are used for reduced
tillage svscems. They includs zouserwsclion cillage, sinizum eillage,
zero tillage, ecofallew, scubhlez sulch cillage, chemical fallaow, o111
wlant, =rila camdbed, se0! mlanxcics, disk and plasc, chise) and pia
liztar plaecting and slet slacripg--all of whigh favolves redugedg
ciilage.

Tvery svaten of oillage invelwves speciiic problens.  Beduged $ik-
lage allows bove vegidoes to be prodacad and acepsulacae on che gail
AR TR ..-'l.ltl_',l:.*i_lgi‘r Ll TR W EY LT | ol 1) |::|'_‘:|:'|.-&|'::|.-:.:|..|.'|.I Lo mltamssuenee ol #asi-
duas gn Lhe soil surface devslons a 3hysical srahlan afFfacrian =achune
CTeTArieAs, estacially plaaciag.  Tillage aed soeding —achines Susis
hﬂ"ﬂ ample ¢learapds te prevent cloggicg witk sesidoas.  They -msi
aluo dewelos sefficient apivation of tae soil te contrel weads while
seaving a tulch en the soil surface. Flacigg secd fimmly iste moist
s0il withouot leawing vesidues over the row is frecguently = problem
with gresent placting equipment, especially with amall graizs, Resi-
dues lower scil Tepperatuyes because of their dasclating =Ilect, ia-
greages refleceian i radiant energy and veductice of gorface evasora-
Dign (8Y, A wotTer sone ooac the sSuviace 15 wsually encounbarod wilh
residucs on fhe yspil surface.  Tn mediow Lo fice Cextared solls, che
wetter condizisn wakes woed comtral mave difficult.  Mowewer, ucder
crv condirions, pDesiatliy on Zhe cogrser fedctured scils, che werter
codaiiion Twar the surizoe wiil be heneficial lar plonting acd stond
ettzblishnent,

Theve is =uch =vidence indicating that undiziturtad seil is &
catisfzccory roobting monma,  Boot scticn, freeziag and thawing, wetting
andé drying, cend Lo maiacain Iavorsole poysicsl soii comditicons.  Gem=
pactian caused by cillage impleweniz consctantly presant procliems Lo
zalincaining gaad goll phyglcal candition.

The repuivae—enecs {oz eflecCive CONServatlior systams are evident
from che priazieples of che wiad ¢rostox @quaciaw dzre”aped by Chesil
and Woodrnil (9),  Yegeitabive resldoes an che and seTtfacs and a3 vouzh
2o =loddy =oil esurface redacc wind @ naluﬁ- Field widrhs aleng toe
prevaiiing wind direccion neef Eo ht as shari as possivlz and stil
permit reasonable efficient far=ing operations wizh =achinery. The
specific vequivemant Jor vesidue, cloddiness, roughness and field width

vary depending noc only on the fnfluenoe of these wariaklies an cach
ather and thelry sracclisalicy, “ur 3also on che addizZomal wariabiae,
climera,

Woodrufl and associadtes (8B rnave showsm thzc che guantiiy, szize,
ané ovieacation af vegecacive seszidus covering the so0il surface in=
flaanze the dapres: of wizd eresian coacrel.,  ©n an eguai-weight basis,
staxding rexiduss Ave rore effectivz fop wind erasion canzyrolr than
residioes Iving flac. 25 A gebneral rule, co hold wind erssion to a Eol-
erakle lavyel of L0 oebvic Coogiha, dhoal fwige ds ouch Thlattened resi-
Cut iz peoded compplrrad with stiading vesidues.  Fine-tesiured residuaes
orodaced By small zrafas a®e mors eifesrive chan goavsa residues pro-
duoad by sn?phuh T8y, Cpavse—tzxrired Rolls recuireg COTE fESECUE Tor
soil protection than Eipe-texcoarad 3oils. &?*F¢LEWSEE1Y 057 kg ha of
wh#at cecidue Is reguwired to prorect 2 FIlty soll and 2400 keSha fac oa
loamy Zire 5and gpil.
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TILLASE DIFLEMERTS: Tillage mechinee uscd Ear stubble mulching are

of t=a tvpes ¢1.32,33: {1} Thesa that stir snd mid che soil imcludiog
dicsks (powiwav disk, offset Jiagx and tendeo Sisk), chizel plows znd
=pich rreadees @ced {2] These thabt cul bedescCh the surlace w:ithouk Zn-
verTing the tilled lavers igcluding sweep plows, radweoders wrikth somi-
chisvels and totary todwesders.

STIERING AWD MOYING IMPLEMERTS:

Lisk—typr Iop-oements: Disk=type implements have & 2ang of 4isk blades
470 to 65 ecm in dia—eter, spaced 20 ko 2% om apact. Thevy arc operated
=C an angle o the direction of cravel o mive o cuccing 8nd Ccurniog
action of the =soil. The disk=type izplement will busy from 35 co 75
percent 9f rhe residue on cack cvlp acToss the fleld, Sepending on
the disk twpe and how it is opevated. Increasing size, concawaty and
cpacing of disks and depth of operation skl increzse the azmouns of
residue buried oo each cperacios. The disk-cype il=plexencz give good
contyol of weeds. They 2lsg can he csed to redace axiramely heawy
rezidues Whon necesary.

Chisel Plowe: <LChisel plows are neawr toel carriers withn hiigh clear-
ance: shavks cpaced 3L oo apart, equipped with 5 ez chisels of up co
46 ce showvel sweeps. The purpese of the chisel plow is to RiIll weeds
oy partially Znwerting the zoil and sawvering cie wead roocs, Lhiszel
Elows zlsc doosen rhe 521l and leawe thRe surface rough with residues
{or ertesion control. The perecentage of residue retained o thae soil
sutface wikh the chistl penerally decreases wita increased amount of
residues bub inereaces wich greater heignt of stexbkle. For more
affastive wae! concral, & rorary rod can ke wsed kBzkind tee laak Tow
of shacrs. The wod can be zrownd, Wwdrazulic or oower taze-off
driven.

Mulen Treaders: Mulek treaders =me a gang of wiheels ritn curved
teeth or curved chisels proteuding, The wheels are A0 to 30 em in
diameter, szaged 20 to 23 o= apare.  They can he operated in tandam
and at a slighc angla co che direceion of traweZ. Mulch treadars ars
uged as gecondacy Cillage cogl ca dmprove weed ceactel, especialiy
~hen shallow=rooted weeds sr& TI€EENT.

SCRSCRFACE TRPLEEHTS:

Swarn Plows:  Sweep wlews arte oscally ecuipped ich 75 cmoor larper
SWEEDE. o—drpe sweeps are ofcen referred ro as a Vwebiade. BSweeps
Tange Itow 150 te 1580 cm in widch, The blade widech of the swees
ranges from 15 o M) ow with aAbeouc 2 3¥-degree pizch for scil Jifr.
The angle of a V-blade raages from G0 o 200 degrees. The wide angie
gsweep Lenctrates che so0il oeccer, wuc sheddins of weed toets and res-
idues is freguectly & proolez necessicvacing less angle. The sweeps
are weuaTed on d eeswy Cool carrier «ith standards haviop at leasc 75
c= clearance between the bettor of the Tlede and frva=e of machime far
residye ciearance. IF widchks of mwore thae 360 o= pare needed, chey
ave {requently dezigeed te nave each sweep flexible frosm the orhers
For wilfgem £illape. To wrevenc clogeing of srandazds Zn heauvy resi=-
dues, roining coulters of ar Jeasc ) o= In Siamwrer ave a oecessity,
The mgjor digadvantage of che oxdetzround cillage taals is Lack of
weed contrel, especially when jrazsy weeds 2re present under maisc
conditisns. Vesweep plows can pe 2ged Zor moar of the fillage
opcTations Suring fallew, Usuwalls the last tillage operatlon priar
to seedin: iz done with a rotary rodwesder.

RBocweeder: The rotary reodveeder is a macnine eguipped with g ood
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£.3 om square tkat ogerares oader tha gerface af the ground. The wswol
depzh of cpevation is > Lo ¢ c;m 2elow thoc s90il surfaecz.  The raod ra-
Luies backwards te the dirTectier oI trawel for cragsh slesrante, A
soank hslds the :od do the ground.  The Pod is doiven eicher wich &
cround wheal, sawere take off or hydracliec meotor. Ic i3z ak exzallent
secondaryy cillage tool to firm the 5222 zod contrel semall waads, as-—
PoItally prior o seeding the crop. Radiweeders ceduso fhe pasiduas S

o 1] percent for each cillsge operscian.  2odwecders cam 2o cquipped
with o row of semi-chisels =wunced direcriy ghowe the red. The semi-
Lhisels are decigrad co penectare TIvm araund.

SELECTINC TILLAGE TOQL:: (3, 77 Mo gne set of £iilage tools is best
for all cesdirions. Trne kind, gquanticy and aualicy of residuss, owa-
ger, kicd ard size of weeds present, moiscure condlcions, sail texturo,
Teagth of fallow and tipe of eperztion shoald he comsidered whom gpo-
lagring tillage teeis. Speed and deech of spavacion, widih af egquip-
mend, concavity cf disks acd widck, ritek and anple seden blades are
wli Tactors in residue retention and weed conckel. FKeighe and langth
af stebble and positioaing or orieatation of vesidos alse Lnfluensa

Lhe azoun:t af residue duried.

TILLAGE SEGUEMCE: Caabinacions of sweeps, disks, and copdwesders will
pe needzd Tor parcizalar situatioms.  Chaige ¢f mackines and sequenc—
inz ic baced on che =oounc OF plant residue present At Che Daxicoing
ol fellow, che szocac of yesidue nerded i seeding Tine, and the weed
sicaacioa.  II residues zfter harvest are ILight (laszs than 2.300 Zg/kal
sWaap pachines or fodweeders with seci-chicels should bhe used for all
tillage eperations except che last one, which should bo dane with
slain rotary rodweeder. 10 che regidues are =edium (2,330 =0 4,600

bz na}, the cneway, tandem ot affszec Jisks ¢an b= uged 20 @ firse ap-
avatlos, Zollowed by svbksucface rillage equipoent such as £ sweep, or
a raduweeder with semi-chisels. Toae last opecziions chould be with a
plain rotary todweedsr for seedbed fismins apd weeg conirol. If resi-
dues are exrtremely heavy (4,500 ro &,300 kxibar. the disk-ivpe ivple-
=encs 2re hest wsod for soweral cperations, followed v chisel ot
eweep aad finakly, che vedweeder. Dige—tyae equipmen? has an advan-
Lage iT & WeC =SpIing, when prassy weeds sach 45 dowes boosa (Boozus
tactoTus L. ) and woluaceey wheat are a problens.

Maxizuz molacare soorags effliciency amd wosidwee maiateannce shoold
2lwars e consideorTed when conbtemplaking a fillags operation.  Weeds
oasl e controlled fo conserce —oiscure, Tillsge is advisakle when
weeds atre Consu=inp —ove molscure fro= che soil ohan would bhe lcat
with 8 tillage operacion. If chere are only a far weeds in the
stukkle at wheat harvenc, cha: scabile s psually reflt until speing.

T8 weeds ace peesect ia seilicient quantity to utilize wmoisturc or
will set zeed, cillage soould o2 peeliocmad oo afior hateasi.  Thn
dnnual crosagrasses sech ag dewsy heore In Bhe spring of Lha vear okl
ke controlled before Shey serC sesd.  E2ai] must be In 2 cfliable pon-
dicicn To contred weods.  Foor wecd conbeel will tesoalt o and LI Llage
Tayvers aay devwelep in the soil if rilied woen too web. ThE s3mE fen—
cral silisge foels described for fallow can be used for socdhed
proparatisn for continusus croppine. Frier teo planting, a fiom cel-
Law seedbed needs to be develcoped that is weed free and has sufficient
SULELUTS ¢ piITminaTe fhe CIDD.

ECOFALLOW (CHEMNICAL TALLCW): (0] Eecofailew iz &5 system of contrciiing
WOELE ATE COTNSEIVAITE SRl mOoIscure 1T A CIOp Letatiom wicth a minimas
distursance of crop residue 2nd soil.  Wead cpotrsl s potaloed itk
fetrbicides ot che gosbhimation of herbiciacs apd subsurface fillags
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aoperations on fallow land. Each eixe 2 0illage operation is pectfora-
el, zaisture is 10st due 1o tke tillage action on the soil. Pro-
ecceivg cover of residucs om tRe land for soil protection is esasier
o mRintain with oo tillage or limiced billage aoperacions.  Eaeh ci=e
the Land is crassed with equipmenc, resldoes are Zlaccened oFf iacar-—
porazed inte the scil.

Cercain problen weeds such az downy hrowme and woluncesr wneoss
would be eazier to conttel with corvect herbicides.  owmy brom? and
valanrceey Jheat begin growth late in che fall oz eazly upring aad
dowy brace sers seed durieg the Fiest page of May. YWheoo the spoing
SEASON 15 lato ar wel, it i difficulr Lo Sonfrol grass weeds aofore
they =er feed, especially with ctubirle-mglen cillage aquipoment.  Te-
duzing che nocher of tillage operations pot only Teduces ELETEY TE=
quireneats Yat oy 159 Zwprave ihe phasical condition of the =oil.

Reszent studies dndicouie that where adoeguate wesd contzol ix ob-
tained with herbicides, zoisture conservation amé crop wields are =5
food or better than canventional fallow metkods.

The success 4f ceafallow will deperd upon the development of a
keckicide which will work under wvariabkle climatic coaditions. The
Merbicide will need to be effective for a definite period of time,
taen Brozx dowm rapidly so a5 nst 0 ieterfere witn futwurc oTop poo-
ductios. A presagyeepse herbicide that will rvemain active For 3 Lo
& mentha, then disinteprate rapidly, will pe zarisfacrcocy Sof sprizg
asplicaticna oa fellow land. Herbicides wpich vemain effective for
moTe Chidn Sour months, but nat ¢ exeecd 10 mooths, wourld be desir-
able for fall application on fallew land. Frermergence nerhicidas
will alse need to have sufficient latitude ko allew for error ik apnli-
catien, overlazzpicg of mateTrial during apmlication and sueitable owver a
wide range of soll Eypes, An economical contact kérbicide that woweld
taplace & tillage operacionm or could ke used to ¥1ll existieg weeds at
time of apolication of a2 preemergence herbicide is needed. The cevhi-
cidea must coarral a Wide range of grass and broadleaf weeds wichour
injury To phe £rop. Beofsllow i3 dn the experimental siase and not
widiely pred.  Fucthep developzent will fulfill =any af che abjectives
cf stubkble-muleh Falloe,

SZEDING ZOUTRMENT: FProper secding eguip—ent is essenrial for planting
in residuesz. Seed must be placed Jirmly iom —oist soil «with 2 to 5 cm
af =01l ccver and witr adequate proceciion from wEind eresion. Seeding
eculp=ege ghau.d preserve as m=mch ¥esidae as possible and securely
anchor the residues do the ridges, lesving 2 rough, cloddy surface,
Deen—fuprgw dyills, equipped wichkh hoe or shoe openers, are the mos:
ganizfacoory drills for seedicx ¢loze =awe crops in Soil with =—oderate
amoant of residue oa the soll surface (3,403 kofha or less).  Seeding
in the 501l under heawy residues, with and wichoulb Killage, Teguices
peanters which will place tke seed into moist soil withoue clogging ar
Paadoing residues over the mewly seeded crop. o seed in Acavy Tosi-
Jues, with ar without tillage, vequires cuwkcing theough che Tesidues.
The =zeading equioment mest hRawe sefiiicient clearance hecween che
openers, pross wheels, and tolligg coulteys co praven: clogeine and
bunching of residues. Fesidoes must e sut cleaniv o prevenc zlag-
ging and ko leawe an arca over toe oowly seeded cowr {oza of cegiduas.
Seed must be placed firmly dinte meist =oil for rapid gorsinztion and
seedling develapment.




LIN2EY s Beduced ginlage hen che greatesTt peteatisl benetits in the
gerarid repiong wherc reinfell. wind, incemsiey of ztorms and scil
are highly varianle, <Crops Erown In secdarid regions wivhout suoplo-
meptal warer ave gegually low valus zpops Feny EIGPE across :fhe
ield means rteduded enerpy, tine znd lazer izputs—zll of +hiszh edds
Lo the cost of production.  Eeduced Cillage oporations Ewe ©o less
cillage zckion or fewer rrips acvoss che field will resuivr dn less roe-
dection of wvegetative venidues and s0il compagrion.  G99d sall soruc-
ture and vegetative reaidees are imrortant to veduce ruaofl &2nd sedi-
menTation Erom crep lande-alse i Zreater reducties in wind cTosion
viiieh means seil loss and air zecliuticn. Freguently tillage tracrices
ars mezded on Rare Jields bo braax che surface oTust A sontyal wind
ercsion. Zflgctive yse of kechicides covld result io roduced tillaze
and loages dug To weods. Roducing tillage eperatioas uasually cosult
in leas rynefd and less evdporation which means werte water Lo the soil
preiile far crop arcduczizo.  Beducing tillage cpuraticons, SLoTing
=Ure 5231 water smd reducing orosiom will tesult i@ nigher violds and
leeore unit cost eof production.
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IETIRICATICH CF SCTIIS SOITARIE PR SIRECT ZRILITNG

Mok GTWMAN

ICI TLEAT PEQTECTICN SINVISICH
gezlatt™s H1l11 Resears™ SEptios
Bracwmell, Derxs, LUE,

AD3STRALT

The effegt of =s0dl struckugs on direcst Collled coops in the VLR wes
surveyed in 150 £i=1ds oveld a btwd yoar periec, SUEchSsfully fizcet
drilled =spils hae many tazce pores (00 clometer),  Low poresity
i 20il sugfaces was producsts by swaring, $laking, corpactien ard
teash, this cavsed podr fermigatios and fmergences. Overcorpackion
lower dewnt ig e Soil profilc covscs fdrainege endifor rooting poobirms.
Mary apil types vrder sontincoues direct driiling reintaines adrocqate
porpsity for at least 10 years.  Ipcceasieg the dicect drilled
sereage will dovolwe Leaching faroers to caroy oat viswal asscsanenis
&f H0il porowsity anc bo correct any sodl protloms befooe dipoct
drillirsg.

INTROCACTTON

The success of crops sown by direct drilling {=zero tillage- depends
¢ the phyuical conditions of the spil. waring the lask teon yrars
ItT has deweleped gquidelines on the thvsical conditions required for
satisfactery dicect drilled coops (1), These are vwaed By farmors
ars wontractorsy; thus they nave keen based on wisual asscs=nent of
g2il strwsture plus a xnowledge of its drainage characteriztics.
Letailed measucoments of a wide ranoe of physiczl properties can aid
cur understanding of the relationshin between cron vield and =oil
vhysical oronerties. Aowever, they are oo =low (=011 phy=ical
properties cen chanoe raaidly fn fhe Lialtd and cxpensive for ceneral
use by farmers who hewve 0 maice an ‘oo Bhe 507" decision as to the
suitebility of solls for Sirect Srilling.

Thais paper discusses the results cbraired from a survey of the
gelationsnip botween soil structurs and crop success in 135 direct
drflled £ields., I alse ciscusses the sovantages ant dizafwventagds
of cwntinvous direcx Srilling on different textured =oils.

Sites and Crope Studied

cetween Decem-er 1973 and May 1973, 153 £ircet drilied flields were
visited at 76 cifferent slites, Thelr distributlon was representative
of the direct drilling acresse it Englaned arnd wWales. or. F30 sites

& plguohes compearizon wad lotkst af which wig either part of oy
adjacent to the direct grilled Sfield. Fifteen =ites were wiecld
trigls arc 11 hed at least two replicates of each treatment.  The
CEORS elg orown are showo below: 2 hich proportion of fields weres
direct drilled small grain cereais (4£3%) andsfor winter crops {5430
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TRELE 1 Crops belnc grDowWn on assesied solils. (Total of 153 flelds)

r——

[Crﬂp i oo af fields vicikcead a mf total

; : !

,winter wheat ' ag : 34 !
winter havliay 1z &

“snrine wWheat : 12 B

SHring Dasiey ! F 15

winter cats | 5 E

wintsr 2ilsesd fape | 13 Ges :
farage main crops ’
maire, xale, tornips | 17 11

ot et drilled ! 1% 12-2

toils were Qassiflied by hand-tewhboripg and by mechanical amelvsic
uzing the systen in the pooklet ‘Cereals without ploughing' [2).
Abouk 475 of 50ils were Hegvy s0lls = Group Ip ZER were Mediam
saila - Seeve 257 erdd 5T% wers SRt s0ils - Gooun . Alamait 307
of fieleés wepg in tre ‘winter crobs on heavy land' categosvy,.

Woarner Comdieioms

weather gobdlitions Juring the two Ssasons were extremely contrastine.
Aunznn 1973 was the fourth dpv one in 2 ekQw)p Spring 1374 was deler
ang golder than avergye; Autumn 874 was abnommally wet ereating
preolens for autumn culitiveticon: Zprimc 1975 was also very wet and
iate,

Metheds of Scil shmicture assesEment

Tre top 20=25em of soll in o all fieldes was exanined with a spade as
deseribed by Peerliar (3) Bob witmioat any structacal "soopingt.

Soil was brought to the surface and each spit was azseszed for overadl
stmcture and porosity. bmorifgates wore ther separsted oy Mand amd
cxamined for pores greater than 100u diameter which aze just wisible
1o the naked ewe. Erout five or =ix spitfuls of soll wore taken at
randocm from sach field and wherc wariations in crop 4rowbh existed,
samples of these were compared simcltaneously. Excessively compactesd
ecil s from headlancds znd gatewmys werd also examined. £LY #0il spits
were phokocoranned, hanc textured, and semples taken for laboratosy
aralysliz. A0l aucer was used to samole sunsoils for texture deter-
mingticn bot in cases Wwhere 2 reason [or poor Crob gEowih was not
foumd in the gurface o deeper =oil wit was dug. The =il woofile

wis Sonsidercd it tw pacts;  fipstly. the surface S of soll which
affects the drillies goerstion, germination, and early arvowih and
sesendly, the z0il cornditions degper in the soil 2roflle.

1. GORZITIONS =N THE SOIL sunfA

The first ohicctive with direct dodlling = eorrect seed placement

anc Sood dontact with firm bat norous soil, Surfagfes with goad oot
stpuctures are idesl hecacse as the mtire eor Jisc suns through the

gorface, f8i] can flow bock aver the seed, Luch a monditipan ic
cenepated Ar msst zeasons by frostes and wettinosdovieg oycles.

Laegs that fdesl deilliing conditicns were causec by the soil beirg too
wet or too oompactend in the surface; uze of the Bettinzon 33 triple
gize cprill neype resulted in an omen slot. In wet conditions the slok
was apen because of smeasing by the rear dooble dises. In some gases
thiz Rad ne effact on the oron az in Siagullal wherve so0il immediately
melow the 5lat is reasenably soegus, dere ¢hain hatrewing behind

12:2



=4
1
the A-i31 £0 bresk up slots and drag soll orer e Seeds wms veapy
effective. In z severely smeared slot (Diag. 1(W} such as was often
seer & heawy 501l types durine the wet avtimn of 1974, the effect on
CIRTSENGE WaS Severe, Semirnzl root growtk into the lower 2oil was
restricted by the smeawed slot bottom and drairage cut of the slot was
L on zaile which were wet and ocompzcted in the surface water
soetbinGs cralned from arsas Detwesn the slors Into the slots ther-
solvet, The sigrificarcs of a 1sese surfade Fom of =0l Zay In its
ability tc assist thi draicege of exeess watsr fron the iemediate
vicindty of the seed, Ever goils with some subsurface compzotion
raintaired a4 good stanc of winter wheat ever the exceptioraily wet
TL/TS winter provided this lo6Sse Surface LAYSr wish pregsent, This
has increased the intersst in tine—based direct rilis which crazte
rore surface disturbanc: and may give better results with wintey wheat
in a wet srawon. Talerarcs b2 mucared siofts plse vawied with groon;
wheat was reasorably talerast while silzeed rape was adversely
affested tore oftom.

S.akicts, the oollapac of so0i: structure dus to the impact of heavy
rain was ot a peoblem which affected direct driiled crops priosurmghly
because of s0il stabilisaticn by the mrevieous crop. Crop failure
Fartially fue to slaking was secen on gnly two unstabie seiis;  this
was gegentuated by surfaee ard subsurface compaction. a5 with
Emearing, slaking cut Jdowr the sorosity of the soll arpund the seed
and henee poor dvzinage bechame 2 mroDlam, In no case did slaking
and ponfecdent sukfagce "cRpDANG ' alone Drevent soodling emergnce,

Excessive trash on the soil surface sometimes cawsed Cisappointling
resulis with Sicect grilling in the U, This I35 ourt 40 7ests fuch

as slugs, =zrd zlss to tomic extracts Foorm Stoaw. Amather gause 1s
the melching elifcet of traosh which mrevents weatrerine of the soil
surface and develeorent of 2 aodd codedh structuye. It wes noticed

that when fammers were walting S the seil to 2oy cut before 2-illing,
the scil Feneath 'laic' straw ond gwer between lone stendino stesw was
less friable, wetter and more plestic than soil in fpash-free ayegs.

Marwy soll surfeccs can be vasily omeliorated w3 alve lmaroved results
with divect &rillina. Tor exarplr oolling after spring ang sammer
drilling of xale, swedes, and tarnios can have a meneiickal effegt en
Emargences oot only will this close the slot ang poeovont molstuce
loss, biut it also fills slots with crumbs and goandles.  Ancther
ddely and successfully wuses Irplement is the chain haccow whieh miri-
nises surface disturbance bat increases the covecags of She soed with
goil. In rmarginel soil conditicns, for example when the top Son of
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z0il hawve been corpactes by hacvestine, it maw be podferable to uze &
straight—tine hacoow, or 8 soringetine ultivator to dasturb =cil to
this depth to artificielly provide a sultebls surfarce. Straight tires
Fave been used suceessFally befsrs sneing berley on heewvy Soils where
it was necessary to Twowisde soil grambs on the surface but Lo leawe
LENger pagregates busled.  Sprlne fine oultivetocs whdsh have e
onarhate effect may howewer be 3refoceble gn mooe onstakble solis wheoe
sloading ogald ceogue LE EME fucface 204rqoates werE S Shace Some
girept dvills gszed in the Ur, in warticulae tre Iaterngtiongl 571
dwill, have sprino=tines 2z soll coeEneps.

. QOEDITIGRS I TAE SCIL PROEID

It wes found that althoush fzemets and caniggcheors pemmonised &he
zurfaece oonviliions best suited oo dicsot Jpililng ang Tho peed o
ngregwing o mlling, hew gald less heed 1o underlying soil <o
ditiors, sugh a8 Coancaction,  Tyeical swmoioms of compaction were bad
dralnacs ofF SEoes whLeh afrged Satisfostorily pot lator Zoclined in
vwhiookut,  Lavers of comdedted 504l A0 she grefile restricted drainage
ana roak geowds heciuse gf 432 S4a0slty of lagge pocss. Winter 4rops
Sled hadk £RLUUGh waterliogoisg, and Spriny ang Smner dilled crops
falled o put dosty shouch roots to the subspll o ensure adecughe
water SLpply. Plaot ooods Jezpapded RO overstopashion by ecseninm
cenerally thickenma: gng stubtec wikh extensive latepal =oot gpowth,

Good natugal opf arEAfAcicl draibage irdicates Ehat 4 S0il fan enouwsh
lerge pores for adeguate root growth. Ooe exceobion, howowver, is
SOACSe SANEY S01l bypes with low organic aettor. These zoils are
Lnakanle ano ténd Bo "close pack'. wWhen this ccours the remainicg
pore=s aere =till larce eneoizh for rree dralinege; 6BOm dizmetrer ig the
approXimate limit for the movement of water under g-avity (4.  Hows
ever theze pores are too small for growth of ceseal rogprs (3. Henge
ceedlings from direct drilled sprirg eeweals, which have limited
penerrazbing power, are urable o push theiy ey bhuevsh 2 22i) which
iz dryann and hardening.  winter ceveais csteplishivng when the soil
is moisker and saftes have Dean much maese succcesfil on these soll=.

Siher unstakbie so0ils suck a2 fine zarndzs end silts may be affected hy
ratural =zettiing cwver the winter pericd giving rise o 2 massive
condition. Yield= may be affected in the first year of direct
frilling and more 5o in the =eoond.

remadies for nore deem=scated 501l mooblems which sheould be cacriea
ot before dairect drilling sheuld be based on the nule Yoo no more
cultivation than is necessary'. £5 With plougning, méledrainess and
subsoaless can b used to cectify scil problems. The indication is
that the neesd Jor these may fecrease with continueous direct drilling
nce the problers created by the plouch have boen overfome. ZXCEssive
ioasoning of the soll by caltivarors before direct drilling is
uncesirable. If the natural stmacture of The =oil can be retained,
as with moling or subsoiling, then the innerent s+rength of the =a0il
maxes it les=s likelw to compact ander the drall, ferkilizer, or
nerbicice applications or harvesting.,  S0il disturbance 1= excoessive
when cnisel tines or heeyvy Ilexitines z2re csed angd shoald ke avoided
Exocot in sevorsly compacted =0il, The proplam of how b achicwe 3
Gead snathos LM Bne D-200m horicon woere compacticn can ocour snder
cdizess Srillicg, Pot leave ar SWoR Surfacs if of crest cSvrrent
inTecest. I this can 2 =cnlicwvec oeny potoctizl acre:s on opoorly
atmugtured =0dls wpald e e R odobicetud cipect crillirtel wiith
oousible Dencfits In 2eil strocture iSprovemenst.



CARNGES I S0T STRUCTUEE UhoER COWTINCCLS JIRECT LSRILLIWG

TAaree sharacreristics exisred in s0ils which nad Heon diresk drilled
for up to teh years, These webe; a aradzrion in colour Sown toe
orofile, the carkest $0il boing off top; aft askive earchwoim papulatiang
and = modified =0il structure. The colour changes were due o differ-
coces i goll organic matker added oo the surface in the form of plant
doneie and azh from Darmine.

TaALL 2. Percentase organic matter profiles in & range of 3oils,

. - -
Snil Calcareou=s CTalcarecus Loam S5ilty clay
LEAE Ly Loamy o1y Zoam

Sand lozm
!ﬂn of years 10 10 E.xale zarlcy, 3
idir=ct driiled cegeals cereals crass rotation cereals
D-275 & L6 2*3 (a0 2*7
2755 om 4=1 25 a=h ary
2-10 o, 37 23 L=1 217
1% o 37 2=z 44 z+1 ;
ME 20 am iy 23 3+ 5 .

This colour offect waz nob protocthced in wvery dark cnalky organic
goils or on some heavy S0ils with obly el or three years of direct
Crillipg. It hos Do reporksed fhat profiles of so0il organic matter
can be reflected in aggregata stapility =y wer sjieving (7). During
thi= inwvestigation swuch 2 corceletion nes ook Jenerally Seen Iound.

In direct Grilled soils the cacthwoon population appeared to ke high;
tn to fiwe times the ramZer in culeivabes plobks on the same =il hawve
been reportec (2], Thelr activity wes redhoncibde for much of too
large pore space with mrrows uo o 5 oonoin diamerer. These were
farkencd sujcestine tiat carthwerms wers also redistribiting orogenic
matter in the s0il. &z2rthworm channsls contoinuted to drzinage of
direct drilled =olils and some farmers cleimes that previcusly watera
lpgoed Fields hawve been drained by this=s feature. Other ehefits bhave
pear tha Lie of irpows 2= root channels and improovensnt of sencfaca
tilth by casting species.

The charges ik sfructeres sssociated with long term direct <4rilling
wore more ovidont on elay soils than lichter limestone, chaley or
organic bypes. Tlay =9ils tondos to develon 2n apparently 'massive’
stm:cture, thet is, the s0il prefils was uhiform with few individual
wll acgrigatod;  these fithed focefiner btightly with 1ittle doose soil
between then. That Is. 20law abeuvt § o mhe stpouctire possessed marny
&f tive attribetes oF ¢lay sobasdils. Epowever, a2 closer inspecticon often
cEveaier that the =20 em ool aws el thagoh anparently messive, was
coally wesy persiuin. The extert of the gomplew interconrnecting sore
Svatem of earthuedssh Sorsows, old oot channels, fissures amd cracks
eould orly b ogeen by bBreakics the 3011 spe Dy hani, A5 well as
beline porpusr sLgh Spils weso also maegrhanically stromg. Che surface
M= o= oof $0il wmealivy had a staehie gouse o cranular structure, ifeal
far further Sizoct @3dllicg. TRIS tvee of medified sgil ostructure was
comron on hezivy clavs, silty ciav Ipams eftoer abodt three yeers direct
5riiling, it wms particelerly characteristic of calecaresus heavy Sol.c
aush as chatky bouller ¢<laws., It was glso evident or Lighter solls
with reagorable organic Motter lewveis (3 Fk) ofieh as ©1d Red Sandsteone,
Enst Argliian '"skirt' soiis arg fome Loems,  Cthern sells which were
pherly strdcturod for exgnple oogrse fa0ds, fipe sands apd silts often
oEVe peRrer resuits ir the secord yeoar of firect Srillieyg and were
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~lpdnited up.  Becaise of this the Long tomm ATFECs oFf diroct Srilling
oot et - evaleared o ospils whicn Sid opeot hewd ot Liluislly pordad
St L.

Inothe long term gdegess with Sirect arilline Zependrs on Foctors such
e £oil shrzoghb, starllity of zpgrezetes In o webt weather, crecking In
The gemeor oarg Trosi o ldgwee L b owintew, amd 2lgn oo onielogical
Faotors suor A3 Do rooh oqrowtd oard s aotive fastrwnsm monolatlion.
TreEE FRoToss are vital AT erongh Lamoe pATes are to Be Seantalnsd
W e Eplt Lz osulioct o compecilon u_.iﬁ: mra-and. hoagvesiing

ant Serhling under cTravity.  Yisuel asseEshents of 20l SEOLOTUYE &fE
=arg finticicant Ehan poysifel mwesurements when consiSfrunT rpils S
viregn frillina, It if of prime i-osrianos Sor formers bo cgtderst
themseL el with fRe sbrichuse apd coopertics of soiild ans to LRARR

Ao slmEsly aba;t tre way that flrcct Zrillies ang —Isni-os e favation
o

Leshriscioe can Be uEesD advantaTonus

o L PR
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The: Tth Cooforernce of the Thtechutionsal Seil Tillage Aesearch
Crgmmisntion, Sweden, LoTH

DAvTSH EXFERIMENTE O RECRCEL TILLAGE

Lorens Hansen
Stafwrs Torsagmstation, IH &200 Hejex, Denmarl:

o climato in Donmsar’s i hamid, Aand the 2oi) types are sand ur
candy loam. about fo per cent of the fotal asricultioal land is
provn wihth spreing soe barley. Tillage experiments saocw, that it
in several cases is possible Lo reduce the nombers of operations
in autom 2l Spring.

Tield experiments with retavating and harrowing to o weaximm
depth of 1o cm hove sowven 2 reductidm in vield of 1.6=2.77 hkg bar=
lev per hectare compared with plovgkans 0 20 ou depth o sandy
loam. In resenily siarted experiments the proxlem with plovghless
fammring is coobinated with malchung of stoaw and wse of oreo
MATIUT > .

TRODICTICN

Soil tillage is mainly based on tradiddioms and exberiences b the
faxmers, and tiilage syvstems are ddfficult o chonge. Sool tilla-
ges have to e adjusted to the climate, the sodl oyvpe and e
ooy About fu per gent of the s0iis in Deomade are sandy selils
Aad S50 per cent are moralin sandy loan.

The climate ix femperated and Modd. The mean amows]l Tempera—
ture is 7.8% C, the mean annual 2recipdtatian is 452 mm and cthe
acteal evapoiranspiratioe is Y00 am in the perdod April-November.
The sowing noomallv is carried et in Agodl, and thi growing sea-—
sn iz about & months, Mav-November. Jo Sodc years the precipita—
tim in the proving season iz insuf'ficient for opticsml plant
grovthi. In the months December-March €he soil iz froman for peri—
ods,. and the precipitation falls as suw. In spring the soil nopy—
maliy is saturated to field casacity.

A crop rotation with grein, grass and fodder Dests in former
times was wnal in cormecticom with sdxed farming with cattle and
gz The mvowing of euTring sown barley Jas rapidly increosad,
and 1.3 mda. hectare a7 Lo per cent of ithe total ageicultural
land in Denmatk in 1975 are grown with sprHine sown bacles.

D of e won problers of soil tillage in Denemaryds is e Eo
garaw tarlew,

I TRoET

Tee 5a0dl 4illayre wo Juve In view:

1. te make weeld coitrol and ©o mdceh the atubble

2. to cheEnge and to impreve The =0dl structure amd to maks & good
zeedbad for germinatim of the grain.

Tn Danish fagming the interest for reduced tillage 5 dnceeased.

ke pease 15 to yeduce The costs in plant growing, &l o second

veasm L to get & better seil struchore and Proscrve Tho oXganic

matter. The cequirement is, that crop yZeld st oot decreaze, and

the variation in the vield from wvear o voar mast be Soell.
Reduacing the tillage may take place in B0 W0S)

1. Beducing the mombers of operations.

T Tillinyg to a lesser depth.
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TRAMITIONEL SOTL TILLAGE TN DANISE ASICIEITRE

Stubble treatments noymally are carried out with shallow ploach-
ing or AAITRGIng to lo—13 om depth: after harvest in Ausast.
Harrowdings are repagted -5 times In the actmm. The paecpose is
weoednonirol, meinly coach grass and oovang the stubihla.

In CotoberEovembar nearly all areas are ploughed by means of
mraldbaard ploeel to Fo-23 om dopth. Seedbed preparation is car-
ried oat in ApTil by harvrowing 2-4% times to & depth of 5-1o cm.
Zowing is cayylied ont by drillmachine. By experiecheas the faroers
know Mupw o mse the different implements, and mmder which comddi-—
timme ther oo be vsad.

Thatgres ©o ©fher systems or new imblements rize problems fo
frdwve the right instiyucticons in The use.

EXNPROTAERZS O BEDUCED XIMBERS OF QODPERATIONG

In Ficlid experiments on differcent farms stusble treatments have
bean coplared with plots without stubble treaiments. The =oil is
loghed in Qctober-XNovember. Sove roefdlts are shown in table 1
ard 2.

Table 1 Stabble tregtmont (B cxp.)

Yield Caracter et et
Tk barlens I:n:-—lc:-} Fop oy ok olas
per hectaTe couach grass  Framisds

T ntreateod E.T ho3 3
Stubbile treatment 35.8 a5 G
Table 2 Coach grass econtrol [59 exp.)
Tiald

kg karley RBelalbive Coach grass o

per hostars shtots per m
Trtroated 33,5 loo b e
Stubble treataent 37.9 & 43
Clherdical 3.6 121 o

The conolusiim of +these experiments is, that siuabble treatwment as
mmnecessary excszPl 0t oarcas with coach grass. Un many areas the
expenses for stubbhle treatment canlt be saved-

In table 3 the sesults of experdments with Secdbed freyaration
far barloy aro showm.,

Tatle 3 Seedbedmreraration
Tield Depth of Poresity
Hkes per Delarive treat- e
hectare ments,cm cent

Zandy scil (12 oxp.)

2 shallow harrowings T L4 loo 4.7 Lo

2 deep - n5.o Q& Q.5 Rl

2 deep + 2 shallow — b T leoo 5.8 S
Sandy loam =¢il (19 exp. }

T zhallow harrowings LE.E loc 5.5 LT

4 deap - 15.1 G5 131.3

T decp & 7 shallew - 45.2 ] 2.6 Lty
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Seedbedpraeparatimt by Z-3 times of haypoing to -6 cm cdetth has
o the highest vicld od the best result. Sevoral dmes of S
rowing wdd rrading o greates depths have ne effoct aod £2 1m-
NECESSATY .

FEOUFHLESS GROWING OF IWRLEN

Redurcad depih of tilling is not possitle by use of the ploagh.It
eipes oW Ryvpes of pmplements =ad new experiences how to use

them. Im Danisk experiments the rotavator is used. In table 4 the
traditionel tillage with pluvughing to 29 cm is compared with ro—
tavrating to 1o cm deptll. 0 an average of 3 vears the plaughless

treatment has given a reduction in vield of 1600 kg bariev grain
T Iteoltale. )

Table 4 Floughing and rotavating (Zo exp.)
Ticeld
kg arley Felative
PeT Dectars
3tubkle treatment, ploughing 29 oo, Fia 0 rag
Seedbodpreparation
Rotavator 3 times, max. 1o om Fo.4 )

Lxperiments with ploushless farmong Lhave o man for a eeriod of
several vears in ooder to measure the cffect and wvariation in
7ield and change in s0il structure.

In 1365 experiments o 8 soil trpes were starivd. The tillaze
orerations and some of the results are shown in table S,

Table 5 Batlewv srowing without ploushing since 1963
Tield, kg Ralative Pocre=s » Jo unm
rer hectars

= = = = = =
a = = =
o 8 E & g 3
— - — i — 1
s £ & 323 5 & %
A 5 o - a =
s o o s ol i H n Y

Stubble treatment. 3%.5 42.3 LaLT low loo loo 0.3 6.7 1H.1

yloeghing, Za oe,

s edbepme tarats ol

Chetdeal weedomtrol, 3a.6 36.5 4%2.0 9L 86 55 So.l 7.2 1Lk.6
Fotuwrabing In spxig,

3 m

Dotavutings in spring, 3.1 41.2 L1.8 1o 43 93 530.60 19.4 23,2
1o o

Stubbile troavoont, 33-9 3309 429 lol 92 %5 33.7 1201 14,5
Seedber e Do B an

lo cm
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I the plots without ploughing theoe oo boen problens with
coach grass and withi lack of expoericences Tor the xight time and
the right way to use the implopwents. In plot ne. 2 ii has been
A ffioult to dxrill the Rarler seoed.

2 the sandy soil the plawhless 1illage SHas gaven the Same
wield ax BraditConel treatoient. On the sandy loam and the silty
loam the hishest vield is obtoined aftor plogghimg to 2o om
depth. Reduced dentl. of t31ling has goven a yeductian m i.l -
3.0 hkg gredin per hectsre. The volrme of large nores (> Go umb
iz higher after he Pploghlezs tillagoe.

New Series mud cxporiments Tave been siarted during the last
two veaps. In these cxperimemis the problems of strew mulching
and green mamnae arv sncluded in combination with plowching: and
Ploughless tillase,

SEFERTNCES

Lindeséird, 5. et al. [1873) Balmmpelse af k.
Cversigten over Planteavl=foxseg

p. 7O

Msen, Johs. [1965: Stobhehandling.
TFallesberecining
p. 206

Rasmucsen, X.F. (19770 Mindmal jordbehandling.

Starvens Foraogsvizksoohed 1
Flantslulbtor. 1lod. medd.

Rasnazsget, K,0. (19?33 Hauvningsinvensitet til byg.
Tidaskypift for Flantearl.
T b 34To

Skeriver, . (1975) Fre=mines contra plojrdng.

Tversigten aver PLmmteavlstorseg
P- 37
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agrancxiz reEldiTsments. Zgwever, ThIs dellniticr doeEs

- -

inparaereTlion oF partislcs ixtao tke sc2il (3.
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I 212 surface. The dis-
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"The 7 Coanference of the Internacienal Soilil Tillage
Rezgarch Organization, sweden, 1876, '

EFFECT OF TILLAGE AND FERTILIZATICE OF DIVERSE TYZES
OF SCTL O HMAZEZE YIELEG

r.Jovanovid, r.Aplidar
Maize Regearch Institute, Zegyrad - Jefmun Polije Yagoslavia

AQSTRACT

Frimary tillege and mirerzl nutrition are gt
iseigted culturel practyces. Their effect depends on ths
T2lacion: solil = efologic olant conditions - comglex of
cuitare practices. Therefore, we have studisd on cheraos-
Tem, smoniizd, psaevdogley, Brown Zorest sollis and thedly
comolnations che effsck wf: the aeprh and time of primary
tillage, arounts aof pineral fercilizers ana the plowiodg

erder of stubible fields on maize yisld.



1. Tne 2ffect of the depth of primary tillage and
fertilization on vield

sethod

Bolil tillage was eonducted at depths of 25 and 43 on.
beving plowing soil mwiscure was found te be: on chernozem 18, 39%,
ghonitxa 17.54% . brown forest soil 18.48 and pseadogley 17.548%. Tie
5ail war wedium warist during tilling, net sticky and suitabie for

tillane.

Amourt of fertilizer:
wb =73 kgsha, PED;-Eﬂ k3 ha, REG—EH kgq/ha = total 174 ke/oa
LY w-L3¢ kg/ha, PEDS-QE kgfha.HED-ED kgi/ha — to+tal 276 kofina
o W=165% kgsha, PEDE*l32kgﬂML ﬁ2n~$1 rg/ha- total 379 ko/ha

Ratio of fartilizers: 1.0:0.8:9.5 NPE

siva bt easously with seedbed preparation in the fa.l 75% aof gho-
ﬁﬂhnriﬁ ard potassium fertilizers were olowed under. The reDaining
antity and Vit of the total nitrogen fertilirers was taken into
Far =0il during pre-planking preparations. The rest of nitrcogen far-
T ider was used up during thne wegetative period in the 5= leaf
e ha T g I

The investication was conducted during 197171975, The
Tol vy types of s0il were studieds: chernozen, smonitza, bhrowo

forest soil and pseudogley.

The maize hyorid under chservation was ZF & 3EC.

15:2



BESULTS

Jeopth af tillage:r

The soil ©Ff a heavier granuvlar composition ke
the pzecdagley soil reacted aignificantly 9 a greater 4=2pth
of primary $illage. Onm the ather nangd, the types of 5011 na-
¥ing a4 lighter granula compositicon a5 in tine case of chernc-
zem and brewn forest sails, no significant reachion mﬁcurf
red tn deeper pritmary tillage. (Fig.i).

Chernogem seil “iitled at a depth of 41 ocm compa-
red oo 25 o gave greater grain yvield by 1.62 me/na (1.84%) .
Similer resulls were obitained with smonitza and brown SZgrest
zoicg, Smonikza s6il tilled at & depth of 40 <m in Ccompari-
son with 25 om gavae better grain yvield by l.68 mesha (F.232%) .
The effeckt of a greater depth of tillage ir the casé of bro=
wr forest soll was an Lacrease 1n grain vield by 2.27 ncsha
(2.96%} .

An analysisz pased on the LED test shows that 4di-
ffaerenes in orain yield inflvenced by decper 2rimary cilla-
ge wrg Justified onliy in the case af pseudogaley spil. In the
ather +ypes of so0il the differernce is not significant for G}
and 1%.

Minera®l nutrition:

Tre lowest wields in all types of sq0il were gb-
—ained when che smallest dose of mineral fertilizers woas ap=
Flied. With ihecredasing tne amount of fertilizersz appliecd in
all types of =pil, yield Waz not inoreaszd in the same ra-
tia [Fig.2).

In the case ol chernozen, smoinitza and brown [o-
“ast 50L15, bhere exists R significant Sifferenge in grain
¥yield betwesh Variants 174 kgfha and 276 xg/ha of nineral
fertilizer. Between the wariants 276 kgsfhna and 3797/ka. ha
of fertilizer tha diflerence in yield is not sigiificant fos
5% and 13. On the coatrary,. on psewdogley e2cil wariant 3790
_kﬁfha gampared ¢ 279 kosha of mineral fertilizer influenced

153,
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rields gsigqnificantly. An 2aalysis of pscudogley so0il based
on Ehe LED test snaws that there is & justified differapce
in grain vie:d hetvween the variants 174 kd/Ra and 276 2g/ha,
gz well as hetwern wvariants 276 kg /ha ard 378 wgiha of mine-—
ral ferkalizers.

The variant 276 kg/ha of mineral fertilizers con-
pared to 174 kgi/ua gave in fhe average a greater grain yield:
gn shernogem 3.8% mofna {4.13%) , smonitza 3.28 (4.208%), hrown
forest 20il 4.76 ms/ha (6. 24%) and psevdoagley 5.14 mofha i 7.55%).
Batwesn the varients 379 ko/ha ang 276 kg/ha of mineral fer-
silizer, the dificronce is smaller and was fnunﬁ to be as fo-
ilews: on chernceem .66 mefha (0.7%), stonitza 1.15 mesha
(1.43%] , brown $orest soil L.82 mofha [(2.32%) anpd psevdoglew 4.98
A ch - d0%y .,

fgeudraley s0il in comparison to the other tvpes of
rail reagseed notcoabnly to oreater doses of mineral fertilizers.
It relatbtion o the content of pavsiecleqically active substances,
thiz soil 15 gompared o the gther types of soil very poor.This
capplainsg ite significant reaction to mineral fertilizers.

2. ElVeet f ztubble field plowing unger and the
time of primary tillage on vield of hyhrid
maize - of the FAD 500 maturity group

The study was conducted on smonitza soil during the
provarsd 197171975,

= Thesitubhle Field olcwed onder to a depth of 1% cm
ilmeliately after harvesting wheat, primaey tillage rcarried ouk
in e fall at a depth of 30 em.

- Pyimary tillage carried ocut in theg fall at a depth

-

~f ¥ oo withput prigr pilowing under of stubble field.

Jruinle field plowed under 4o & depin of 15 om im-
reidialeiy aftzer harvesting wieat, primary tillage conducted in
Ehe spring at a depth of 20-35 am.

15:%



A5 it can bpe seen from the results in table 1L
the greatest average visld was obtained by conducting ori-
mary i.illage in the fall along with priol plowing under of

the sxibole Fiegld (42.71 mofna) . Providea the stubhble fi-
2ld was piowed under foliowing wheatr harvest, yield proved
tc be higher efter spricg primary tilliage as well {(B5.34
me/nal compared to yield 2fter Zall primary tillage withoat
orior plowitg under of the stubble field (74,56 mo/nal -

The differenge ip yield betwean the different
tiliags wvartiankts according to vears ranogd bertween 4.57%
and 25.45% {L%72).

The invesrigaticon was cpnducted in an arid cli-
mate fegich, wWhere the yearly amount of precipitation cor-—
yesponded o 0.5 mm (1971}, 154.9 ™ (L9723 and d4eg.3 mm
(1%273) . Praecipitation in the first wwo years of tne inve=-
SLigaticn reprosents the Iimit in maize production uandeaer ooh-
Gitions of ary farming. as the distribution of rainfall was
guite <ood, pields were satisfactory.too.

In ouy eariier invesgigacitons (Kolfar, l974!and
in stwiies o other authors {Markovid,1%6&8; <ovenovid,1963,
157a; BoFid, 1973 it was found tiat at egual soil depth mo-
i=fure content is oreacer in the case 02 d=ep fall tillage
dlong with prior plowing under of sturble field than witho-
at it. Tnis explains higher yield, hecauase in the airid gli-
mate a greater guantity of wincer moisture is dcoummilated
in the s0i1il when tioe stubble faegld is plowed under pricor £o
Primary tiilaga.

Tabp.l.- Effeact of stushie field plowing ardser apc the Lina
of priTvary tillage an maize vield

am ~ ~r—r r
! 1

| rall tillage - Sprirg tillage | LED
Year . T T : |
3 - T ]
| | mofha T lmqﬁha % v mofha | i L 1% |
- i : S
1970 Tes.2e ) 100 Te.oslgd ‘gl 82.11 [26.28 - 5.29 &.01
‘1972 Fe.as | oo oex dzote.sslvrlas gm0l fz.oee .82
i 1973 . 54%.76; A00 &:.s53lre.en|S1.65  26.33)1.22 1.60°
' ;‘f.-eragc_ BZ. 7L 109 '.-'d._E.E,l on .14 80.34 | 9% .13 !

I= ztubble ﬁTuwcd under
II= stubkle not plowed under
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"The 7ih Conference of the Insernatiocenal Sepil Tillage
Reszsercche Organization, Sweden 576",

Tillage problems for cereal production with respecot
o diffegent & lawvels

(134

Prof. Dr. G. fabmt, 7020 Stavigart 70, Post Box 100

Sumeary

Naxt to numerowvs advantages, deep tilling alse implies
a number of disadvantages, Herbicide residues and straw
are workad in too Jdeeply, 2t:ill garminative wead seed

is zranported o upper sofl layers and, foellowing "good"
precading ¢ronhs, what is foo much N for cereals may oe
mobilized. The paper explains that shallow coltivaiion
of cereal asreapes wWill help to avoid these negative
effacts.

I, Variocus effects cf the plouvghed forroew may be whelly
or partirally subsatictutad oy minerzl fertilizers and
berbicides. Revorsivg of e soil should, therefore,
not ganerally be effectoed for each type of Ccrop ¥Yosp.
following each preceding crop, Tillage of a weed-
free, harvestod silage mpaize plot 8,.@. ctransparts
still germindtive waed sesad frém bhelow Su wppar =64}
lavers =0 that newsw weed control aparations become
odceasary the following year, wWhich Wwould nct be
reguired afté4r shallow ratary hoeing.

In the presonce of swulfficient Soil opwlisturo, straw
decorposition is mest rapid at & depth of O-3%30 &m
where we in ganeral find the highe=zst depgres of bio=-
logiecal acciwvity, Deep raversal of the 50311 wowld in
this case not represent a purpoasfol typs of culti-
vatien, Thi=z sort of intervention Jdoes, on the con-
Erary; ing¢reaze the N supply from the spil, Gn very
clavey or sandy soilks with a spall humes content this
Wwauld not be appropriate, as the small quantity ol
hvmus available in the swil should be preserved,

This can bast be achisved by letting Tha Soii oSt
Intensive cultivation of a soil wery rich in humus
prior o cersal cropping may alsec be diszdvantageoes,
as there is a possebility of teo much W helng mobi-
lized, Lt i3 a2 well-know faci that the flow of W
from tha 2oil is influenced by & faciers:

i. climate ] ) L. .
2. weather conditions hardiy, if it ali,
. coentrollable
G. Bail
4, preceding crop only limited choice
9. B3l Suitiwvation to & certain extent var,
&, Tertilizatiom fully wvariable

Regulatian of the W awupply Irom the soil, following
the cheize of the preceding crop, is. therafera,
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mpAsible anly by ogans ol Spil cultivactieon and {erti-
liwation., an Agiasziation Lo Lhe reywiremencs ol plants
LT L iITeront 2rawtll stages weiogg in the Uirsy plage
reltievitale by miperal tertilivazieon. bSesd-sed prepa-
L ria dues,  Rowewver. e ol =2oaii o cwnltaivatiosn, OO0
Lhe ca=ie af evisting =o:i colrtivation z=2nd % fertili-
grldan wuperimgnt=, ¢ ried tno detoerming Uor Gur
LT L0 The mo=T yasantrahle fdara for cultovataoan
IGPTR owitd X Ufilezuwticr voozd [or wheat with maize
smd Lo Wy PIGCEUANZ CruiE.

e bitged ourse ive- ono ohhee cunmaderstioson That in theoroy
with decreeasin, custivatien dopths o) iéess XN betomes
glonmsewvailaizle in the svii, aud 2] the scope of
Zi3al1as it Lhae possaele & Vlow 15 beump rodoced
iTabie 1]1. Thi- would fwpiv the possibility of redocing
the rish ol looprimgr. ol seseazes ano teo high proeiein
COMCETIETAL Lbeas an o maltyng farley, and permit o avaid
viedil genreisienn, Tho Yacrt Tnas excessive. unvoluntarw

Tuapls o Throeretivial ¥ supply rom the soil (kefhal
devenging ar X srai anility anel cultivatien
desth a0 cho Drasebpce of a homus decompos -

tion rate ol 1-
v W prie-~ent culclvation dapth
At 5L 2o Joam
i1 SO— oy [ ane i Fai- Bu.: A9 Y3+ 7.3)
N, O-270 (@ 1ofe uil IR~ BTG O(F 45.22.35]
R P 30=aan (B 500 50) APz e203 (B ThRIT.L )

4 suppay from the seil mAay roduce Lhd cradio yidclgd Be-
CARPC apparcnit a0 272 during a soi1l cultivation axpe-
triment made with winter wihedat ollowing maire I Zierd-
rawn earkn, [m the nrecedairng yoay the maize nad been
FETU1iieed afb o cu o parta S 250 ke of NSha, Owing to drv
wexthes conwlizzons, che X resicdue after narvesting

wa= consideranle, 1w tlhie case of ploughed Furrow [2} cm}
abny X dressing of che subseqyuent winter wheoit led to
reduces yields. The znne held tTue Do culbivdtor
tiZlage (¥ cmi whilst shaliow rTateary hoeing (% om)
withouft % mohbijijicarteon v se3l caleoivatian producad,
in combinabion with & Zertalazzartich, a vwieid increasse,
Teet wilblflpul N Lpdlicatran, wields increased bDetween
Toanmd 12 or cwetienticn Jdeprth o in erder to sStoart ae-

GiEmATe an Uoan o4 S,



Ill., t VWipter wheat yields 1972 Ffollowing paizéd in the
case of pleuvgheqd furrew [(F), cuitivator tillage
{F)] and shallow retary hoeing [Pr) with N
dressing of O, 104 and 130 kg /ha.

The experiments continued over a pericd of 3 years show
that under tht "normal" weather cenditions prevailing in
1873 and 1974 there were smaller guantities of plant-
available W present in the s9il so that the

optimum cultivation depth without N application amounted

to _approx 7 oo,

with 100 ke of N/ha it reached abprox. 15 comg

with 1530 ke of N/ha approx., & em {(Iil, 2%,
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Jli, 2 Optimpm ¢wltivaticon depth for winter wheat
following madze in 1973 and 1974 with appli-
cation rates of {}, 100 and 130 kg of ¥/ ha,
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A very hypathetic curyeo througsn the 3 intersgetions of
manimem yields znd opiirem fploiveEiion levels wewdld show
that 2 mAXimum yield wauld nave begn ashiewvod a2t 2 rate
of approx. 22 kg of W ha withont soil coiltivation,

In 971,72 wish Ary augzust weather and & mild Wwinter

with l2tnl% rain, on the copcrary, +he maximum vigld
woauld have bDeeg realizable without ¥ dressings following
4 =04l cultivation depth of 9 ¢mp only ard Iin theory
the maximup yigic would alresdy have boen achigvablie with
153 kg of 5§ and zero tillagze [(T11. 3.
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Till. 3 Cotrmum cuwlivivation depts Fas winter Wwheat
Tollowing maize in 1972 with spplicaction Tates
of €, 100 and 133 kg of MN/ha,

In the AbDsence of s0il cultivation or following shallow
culiivation, thewre isa a zZpalleyr amount of W supplied from
he s01l, Depending on vhe humuvs conternt of the spii,
shis means that the zslant wili receive & sofficient daso
ef ¥ or that the ¥ supply is too asrwall (vida Table 1},

As long as the fertilizer rato is in i1i7e withh ths achic-
vabhle yield lawvel, nigh N dressings should, thoevedooe, ha
bettar convertible intoe vwielids in the presence of mmali

X osepplics from She seil than if the Tlow af H from the
sarl 45 %o¢ high.

U sxperigentys confirom that the dilflference between the

¥ oguantity detercined inm the yield/ha. &nd the ameunt of

N abzorped oo Lhe Zers N PpLoes, Whick pay Do egpsidered as
ptilizdibla fertilizer N, is pbigger folloewing direct
dadiliing than after pigughied furrow. Fellowing plougphed
Yorroee, the N vtilivation rates reswulting an sur Ltyac

ai soil each 43=30F only, in the case of direcs Arilling

the coarreswending Figures are 73=53% (XLli. 4),

ba:g



i1, & Utilization of 190 resp. 1530 kg of fertilizer
¥ by winrer wheat in the case of differeant
cultivation depths (F = 23 ¢m, ¥ = 10 em,
DT = 4 com).

Mindmuym aomil cultivation fellewing "mgood' preceding
CTOpPS, &,~, FYFapeé ma,ze, grass-clover, sugar beet or
field heans, doces also have a nuwbar of aconamic
advantages and labovr—-saving effacts:

1. Lioss expendifture of time apd snergy Tor soil
cultivation #ad drilling

2, Reduced or no g¢rpenditure [or chemical weed
contrael if the preceding crop was weed-free
{trough herbicides)

[

Better vtilizmtion of fertilizer o

iy
*

Hozvesting facilities by reduced lodping

e
]

FPoxsibility of pgrowing the higher=-viglding
winter cargals owven after late hapvesting
of preceding ¢crxop,

At present thoe problems of minimpom cuwltivatienn sEill
reside, a.0., in the fact that the sesd=-bed is often of
inswfficient guality, In small-zcale exparinments the
fipld sorouting of wainter wheat waa detergpained for the
momant t {Ill. ), this for various aggregate Sizoes,
degrees of water Saturation ¢f the seil, drilling depths
2nd tempearatures, Under the given soil and zest conditlions,
a hagh degreoe of [{ield Sproviting, almest independent of
drilling depth an 239il moisture, was obtained only wWwith
Gmgrerate sizres between -7 om ﬂ {I1l=, &f?}. In tkhe
case wf mare fipely divided se0ils, high sopl moisture,
low temperature 2nd higher drilliog doepths, bhowever,
Field sprouting amgtnteg To ApProx. 29% only. On & dry
soil and fullowing very siallow or wvary deep drilling,
shooting again reached no mpare than 30-40%,
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Concaquently, minymum cultivation is omore indicated
followine pond preceding crops on $Gils with a satis-
factory crumb structure, zT65P0. on sandy soils or =zoils
rich in bumks than on clayey acresges insufficiently

proepared by pad preceding craps.
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ASSTRATT

In lakoraty- ang Sieldkcials rhe germcnaticn of grass seed was wtodred
in relation with sowing-feorh angd goil ooxzaction.

Zowing at o depth of 2 - 3 om i% ta erefer above superficlal sowing.
Soll compacticon Las same positive effecr afver superficial sowing.
Loil moisture conbent héwaver is the zear i=nowtant facrtor Ior
Ocrminatnomn.
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Labcratory exouTizents

47 = ali:) EXDEFIIENLE worCi Sorg Lo Liiroe repetitions with difrferent

soLiorypes [rlay, sand and peat), twe sowing-depins |8 and 2 cmp and

wirh pora ar less s5o0il ccapmction (exbesimenc I: 2, 1, 7 and 34 kgfcm

and exter.cent IZ: D, %, 1 ong 2 hgfc:éj; “S FATeEr OF NLatrlitlicens mRather

was applied, The results arc shewn Lo Lig. 5, We see that

a) a sowing denth of 2 oz A% Beivter Than 0 om.

b) 2cil cocpaction at & sowhkng geath of 2 om has a negative eIfect on
the germinabicm.

c] T the ondeces of D oom sowing Sgath sospaction has a mossiti
edflfpin . no2e prpsgilre gLYVES 3 Setter régulh. Prabasly e Contact
b syrenr sant ans 2oLl o5 hebier &us be soopacticn and The Young
OL-ans Taf oak o8 HaTes

Al gn cley e gergopaticn is not SO geod as sans and Asar. Witheoot
$Til Toopastian oo eoutzes bebween sood and spil is racher Rad
G wifh pompaction the sechanical sesistanse pay be &2 high fer
garalsaTion,

- . o . , .
rnfer eondizicned circusstances (eecm. + 1570, melative air humidity

FIZLa EXREIRTMERTE

In the Sield abHowt Tthe Sama experimonts as fn the lapevary were Eone o

588 The redcticn of corminatis: ender practical cirsumsiances.

Oa a sandy sois she spestted fe prepared with a plaugh and a cultivator end

with & special rokery tiliez lbumvvacor, reverse rotation, soo the papes

ef Mr. 0.0, Pordow: Molil-oewerad sodil tillage imoleaenis).

Wwith a sowing zachine the foef iz plared superficial (@ ox) and at o

dapmn of 1 = 2 op. After sowing the xoil is compacted with a pressure

of 0, 1, 2 or 3 kgice? by using & £1as solaer fhailasced with water-

£i1 0 pspnratnars),

Tha masulbs, sheown in S2g. 2, are!

al e zpwins depth of 2 - 3 op is mush oetter than superfiecral sowing
fac in the lakcratcry expericents)

bl sugpexfielal sowing on the pleoags cajects glvis rare fprocts chan
on the burywarcr onjects; on the rugacs position of cke plaughed
suarface tne saed depth is abeut | oo instées oFf O g lGd0sbalily
afker raining)

=] #adi! parpacsion has some affast oo the ploonghed chiccks with
guperfisial sowrnag and perhepe on the oumyvator cbijests with 2 <&
Sowirs gomtm . O ERe other shiects coopaction has nardly any pffeon.

Other foalitrialyg shewed e S:fference in soWing-fepts betwonn the

Varisakr Sactises cded tar goags’aed renovation {fig. 3. :

The: wil-ar2mr masnore, E@i]llisn, sowed in the cpper layer (2 - 1 om).

A Elax—sowlngoachinge [warh prroes) oge plase the seed ak a depth of

2 -5 co.

A forrcidl rardice For grasalang renpratien i= the sowing-bsyvator.

Trn thisz =ichipe ke apefacicns are cogbined. The buryvator is equipmod

wikh & Sewird micharisk far grass zeed and witn a rolier. This machine

in onawing At a cepth af [ - 3 e=,

r.l
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Tnz 7ta Conference of the Interpetionsl Hoil Tiliage Research
Opganization, Sweden, 1576,

dechamieal propexities of prectcbacted oil as affeczed by the
aciszfure content at SrEcoapantion.

And. raglen,Depavient of sericultyral smglazerfog, Tiilegs Lebora'lo_
=, Agricuitarel Mnivergity, Wageningen, e hztherlands

ABETAAT

wOTpReticn a% g@gd~-Ladpreparaticr affecis v reszistance of the

goil o furtier cetpesticn ot intereroW CultiveTign S harveat, as
wall 8c the edessy neefed [or tiilaige to Loosen the soall after the
haxwest, "Tese interrejations ere not et fully wnderstood,The
present peEner is intended as an introdwetion ta the proolem, aifering
& pasls for saintieuns abd provading iafommetion on the strengtn of
conpacted cil as pifected oy vhe geizture ¢ontent where (gopagtion
pookried.

InTaosneTood

At the start of a growing seasap, the =oil is compacted by flzld
aperatlons, Inring nter-sow ¢ultivation and harvest, the =pfl may
o additionslly compactes, sfter the harveat, zmergy 15 applied to
legsen the zoil apgain, To male cropping as eoti=mal as pnzaible[i,e.,
to recch maxipem prelltz), it is agsessary o lmow how these thrae
etz of opermations influzpice s2¢h gther, nis paper iz ipteoded as
ag intoodwction to the problem of now the zoll noistors cantent
rrevelling 2t the start of the compacting seed-bed operatioms
{precocpaction) influenses firstly any furtker compaction goourring
during ifteb=rév cultivation oitd Sarwvest, and seecrndly the amount
of caerey beeded Jor zoil léozcolbg after razvest.

ArL-WANT FaCHaNIOAL PRO0P=RTERS CF S0 L

Zpil loozgning by a plow end agil coapacticn undar wieels are
proceagsss danmending on: properties of the plew and wheel: ayaten
propertises such as workimg desth, fravelling speed, etco,: and
cecranical properties of the soil pertinent for the #roeess in
sizeatiem, The ways i whiech the processes in quesktion depend oo
thege propertiss Joro 2 subject formally calied zoil dymamica  in
tillage and iractlon,
biany methods are available for =eRsuring the xeshenical propeTties
of coil, moluding tersile streasth deter—ination, tke uneenfined
coopressich test, the tri-asial test, the vwni=axial coopression
Ta%, and the compasticn test wzplring cydrostatic pressure.
indicaticns Lhave besd abtainsd that the uncealfined coatipressisn test
is preferabie fer soil-lossening procosees and the vai-axial
coapressicn *est for compacting processdb.
Nni-axisl compressicn teat, In this teut & piston which gradusaly
goznresses soil in 4 oylinder i3 uvsed(fig.la).
By measuring the mesn prosgsuse on the pigtonl ) and the said
sorocity({F) centinuously desing the test, 2 o ' -5 raletionship can
me determined. The latepgl strain ns sers arnd the 57 757 ratio i
areut 0,5, Irap the siregses withinm a -0il mass unders a wvhiel, the
lovgest prancipal streszos & o2l be ostimated with repsoonble
accuracy, oat the &7/ D peties s=2 ot mown. Fowewsr, oux
czleulations on data oessuTad in trieaxial tests bs other suthar:s
(1,2Y indicete that the & =F relstionszhip is mot greztly affected by

—

the 7S 2atio. Therefore, the o =P relatiomship Deazured im 2

=1
L]
‘-



a1

uni-axial test oz be oonsidered valid lor compaction wynder whaels,
Trmis test has the sivantege of boing ralatively siople o pearform.
Tpsonfined cospresslen tegt. Iz this %6st a soil cylinder(hefght
i0 ~p, diamcter S om) is failed by twe prezeing plataglfig.1h], and
bath frflure streas ¢ and failure strzin fkpara measvred &t the
ooment of failure, '

&
lcad
: cylinder : transducer
i J — - w - piston B
A —— seil — Yop plate
! G; -— 3oil
' I |
| '|| batten plate
e T
fig. 1a fig. 1b

Por - smail curved blade operating i zeveral types of soil, the zind
of 20f) failure(shear-plane fatlurs, =4eady cntticg, or opea xack
formation} sould be predictad from 47 and £, {3}, In se=la model
rosearch with sarthooving equipment, "sealing” of seil atrength was
quite smocrusful oa the bagis of 73 and £y [4), Tha unconlin.d
compression teszt too ia relstively simola, ¢z the basja af toese
findigge it iz coacluded that: copprotion inwvarved in sesd-bad
preperation cam be simuiated bY vni-oxial) compracsgion of initislly
logse goil, ooi-axial sampeeceion of precpmpacted soll slmileten
farther compaction at inter=pow cultivation and harvent, and =ail
iocogening after harvest can be Simunizted by the voconfined compres=picn
tegt.

PETERHIMNATION OF THE EFFS0T ©F THE FEISTURE CONTENT AT FRECOMFACTIOR

The matstors coptent{m,c.) at proocompection Affects the atreangth
af precompacted goil via two chenscena: 1) the m.e. at oreccopactlcn
influepses the desrow of conpaction re=acked at srecompacklicn, and
2) tha p.e. at precoepacticn Infloanpes tha aicre=etracture of
precoampacted soil.

Since the first of tkese phenomens ias besh iprestigated
sxtensively, but the seccod cmch iesa, the [ollowing 1= confined to
aimragtn effects of the oo, 8% precoapactictl to the oxteny tkat
strength effeats were neasured in preccupacied sanples hSAving equnal
porcsities And eoual coiziure cootents at fhe time of testing. Tas
dzig derive in part Trem the literature and in part Srom rasearcn
done is our laboratersy. Tor the seke »f completeness, these data are
not confined to uni-axisl and unconfined tests.

Maigture nontent is sxmressed as 8 perecntage of Ay weiznt.

Pa.d.Day znd G.G.Heloepan(S): In ihiz wors portions ol aggregates
TEize fraction 1 to 2 mm: moistened by adding ocrasied ice, were
orecompectad o oblaln s0il blocks, These bloocks wers allowed ta ery

o=

]
ke



ender mopa oondftions wntil oguilibrives was reached, aiber whigh ke
razigtence o crochiing wes fstimeted Yy manual erumbling of the air-
drisd blocxs(sce Teble 1),

Alurecht Gerlach(d): Mections of sieved dry leoam solil werd poistened
oy Jist sprRyying, ohd then sompacted o foTm nolil brigquets, After
triz nrecsompaction, the desired ohafpes ID Dolsture cohtent weps
potained by s&Eing weter of oy dvying oodey roonm conditloos, The
tonsliz sirength of the briguoets was thel veazured by bending tecsiz
{ge> Tahle E},

A, igipers gnd O, Kroeshergen{?;: alzkerk sflty clay passing thoosgn
a 10 fan Serzen, was ocoistened oy ftne additios of water. Alter
aracampaskion, the m.e, wias cnan;ad Uy adding weier or by drying uidew
maam zasiitiass, 2sth the m.o, a2t poeconpastion apd the .o, &t
taztins dere Tarisd, Topting consisted of measurdment of thne Shear
atrengtn: At zemo normal load in & tarcoion &hear apberatus(fiz, E).

1.5 4
. )
shepr g4 n zt ::Etizfuzjaitiﬂn L
strength * o B F !
{ bar )

20 21 P2 23 2k 2% ZE
E.z. at tzeting, % —3n

tig, 2

wal-axipgl compragsico Lests

a) i given anount of zgeregetes of ek ork silty clayisize fractien
2 to 3.4 mm, mee, 1%L was divided into e caris, oo of which was
moistepad b the sddition of water Yo obtain & =,c. of 25,66 and the
athar ferafd pnder woop conditions to obtain a m,e, of 13,54, After
being praeonpasted  to resch 30w porasgity, both soils wera dried
ader rogm casxditions to ahout 175 m.e. Before bteing subjected to
Turtser conpactzon to determine the vni-axial cooraction zresgures
azedsd ta reach 4514 aapnsityl fig. 30,

B} 0ot pact of B giver amount of Wagenivesn siityr clay losc whish
passed a J Lm screer and kad an indtial g.e. of 205 wes eolstensd to
277 Zatsy preccopacted, and dAried to @0 . Several degreas of
ETeccopaltion ware epn_ded, esking copsisted of further compaction In
nieawial coepaction teats, The =econd porticn wes poth precampacted
end tested ar 2 oo, The nessssRSy CHANGESs 30 m.o, weme offocted oy
2lding crusned ice o Dy d@ins wndes rotam conditicms. e effect of
tho m.z. at precoopaction was found for any of tae degress of
precompacticn applied. In thoese tests thoe lewvel of cobpacotion
UTELSUrES Wan lowsk iy in the tasts pertiored uhder point a,




Soil tpe Mut. at I bulk density =201l i
precobpacticn at tesiing strangth !
T
Sitty elay 1naﬂ 25.55 | 1.22 mmsjoe waak !
! 16.7 ! " Lizm
_.C_'L.':i:.-' loan cHL b | 0,E5 WL :
i 15,5 " Very weul |
vabla Z
M,c, at chonges in m,4. beatwesn o,y 2t tensile
precompaction | precospaction and tezting Strength
tezting
|7 noRe T 0,25 bar |
T4 doyicg Lo Ta T 1.0
T Ooisbering Lo 14is, Lhen T s 0,50
; Vdreying to T2
L 1
Table 3
e T w., 2t porosity |
: yrecompactios testing at testing T .
5 rred 15,265 5G 4 5 0.89 bar © 2,58
2 27 19.7% A Qudy roded
A 27 20,1z 0.5 .52 P 2.3
4 i 12,84 - 50.5 .53 |__2.T
megn 27 12, 7% 70,5 0.ET ! 2.5
i 5 0,08 50,2 0.a7 | 2.3
6 20 20,07 | 50,2 044% toa.l
13 a0 20,66 P 50,3 sl | 2.7
mear 20 G028 5L, 2 0,47 L 2.4
]
9 19 18,31 50,6 .27 | 2.2
1c 12 ig,51 A, & 0.43 2.1
11 19 0. %4 AL B CaRE 2.0
1 19 18,55 Al e Dok 2o
1 .
13 13 12,78 : R4 0,23 4.1
15 15 18'11-; H 5':'1"'; ":'-124 1 ":rr':'
L 13 5,73 1 56,4 0, 22 bo£ 3
‘magr 13 15,65 S5 i} Ty d : Gel
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Tocenfinsd coooTESSion TE5ts

3] Watur was adicd ty :vgeu.nEEH GaldTy olay lomm which passed o J=tm
garasn and hed ap dnitiad .o, of 104, S oobtRin fwa sa=ﬁ¢eq. oae
having a @.c. of #FE wod tke otoer Ew;* Aaftor Toth parsa bad been
rrecoapested, the woitest 54l was dried under T3a0 somditions to
obhtsin 2 A.g. 28 20 Teating was Z=rformed by trimming 523l &yIine
cers and ooasurirg the ?* 2nd rr in thez. The zesults s Snown if
Table Inumbers 1=35",
b} & certein azount nf sageningen 2iley a2lay Eoan which passed & S-mm
goresn and kad en initial m.o. of 13% was divided into two parts, coe
af which was Dristened to 19% with crusked Sce, rrecompected, and
tested. The ather part ¥as compachked before belng cofstencd to 13%
with ice,i{==e Table 3, puzhers S-if).

LISCNE3 ICH

The results of these studies ipdicate that the effect of the m.c.
at precappaetion iz paximel ip tests that subject soil samples t2 4
ginimym degree of confining precgyea, thus in tests In Which it Is
primanily the oomds between sqil particleg that determine the test
resulte, I test=s whers the resulfs ere demin=ted hy =pil bonde, =
fighner m,g. At precompestion resuiie in gweater =oll siyengthe, btwut io
tezts lncluding Muriher zoopaction the oppogite seems to hold, Zay

and Bolmzra:n's measgrsments an Yolo
o this, and [iz-tshows & rmowge of
it wiich there I no elfast 2t ail.

silty clay leem fomm &0 exesptiah
precempastion soisture oontents
% should De noticed that the

effect of the srocdmpaction duo. 15 horedly dictinswisbablis from the
effects irnerent in drying acd moistening procesees oczurring betwesn
preccsoaption and testing. accerding te Jerlach's resclts, these
arving and ooistenins srocesses do indluence the scaturements, The
ungsniined codpressicn teste indicats tost The precompecticon m,c. may
or =ay net affest failurs straio £
Iz ie elsar *bat a prysical dodel 15 geedad to provide ireight into
theinterrelaticns between precomracticn, changss in m,c. and testing.,
This Lodel shewls be besed oo sirenyxth factors, for instance: the
mumber of sodl paArticiss in A unit of wolimme, wlhich is the complecent
of poresity; fhe distributicn of so0il particles in space, wnich is
relnted %4 zoke=5iZe distribwiicn; tas volumeiris eoisiure content
{om~ ol )i soll-water diftrituticn wi*nin ike s0ils the bonds at points
of contocr betdepn soifid perticles new arising el soil acisture
tansion; spc the Zistribution of $iese Sonda,
in additicn the peodel shouldd inglude:
1} how the strongth factirs alter when zodl iz precompacted,
£2) what alteratione octur in the strenzth feotore aue to drying cor
wetting sto,, Dztwoen precoopachticn and teating, and



3) how the reselts of wni-arial coopraszice sad uncsnfinsé sompression
teats depend sm the atrength fagtors.
A4 ¢ontribuetion to ke $hird prebiem iz given in fig.d, which showa
toe remults of tests ol zgmrles keving the $ags +otal mediptyre =~antents
(2012, but eepsizting of partz with varisus coisturs contents,

5, Iy 2 Wogeningen silty clay foam
Eb:ar} (bar) l:if Pu-maitg = 50 % ~
a3 ] Megn m.g¢, = 20 %
unconfined
T 1.06 3.1 'E‘f Cunpragsion
3
96 2,9 | p *‘E}B
1.% JBE 2.7 & uniaxrial
I Compredgion
1.8 .75 ) \‘_\k
her - '— B
e N
.64 ’.It T T ¥ 1 T T U‘;f Ir— &
@ v 2 3F L 5 &

4 difference il m.c.
tig. i betwaen A apnd B { % )

In this figure, &' is the preszure needed to reach 506 poresity in o
uni=zxial compression teet in which the m,c, of the upper &als(B) of
the sarple diffars from that of the lower nalffs}, q; Emd £ ware
cbtaiped In wngonfined cemprezgion tests oo samples whese cektral
partali}l bave moistume contents differing from those of the cotar snds
[E}. It iz eclear From thege findinge thati mnconfined cemprestion teste
can e highly eusceptible %o loesl diffaerences in =0, within the
Sgmple,

Atvenpts +o elaborate & chyzleal =sodel oi the beeis of the dete in
the litarpnture reise zeny questicpe whlch een cnly be mewersd by
further repaproh.
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Tha 7 Conforence of the Internaticnal 5o0il Tillace

FeseEarch Crganization, Swodern, 19746,

Landapplication of 1jouid marure, funcamental

reguirements and new technigues

+
. Eraussa, C. Sommey, . tach }

e main ghiections avainst the landacnlication of
limuid manure are ¢dor emigsiones and the dancer of
water pollution. To rrevert these gangers should be
tre zim of each farmer not only hecause of a ceneral
sanitation buet hecause erissicones, lezkaoe and run cff
are losses 0f sostliv Aautrients 2t the same tims. To
surcead in this =ffort macure kas to be coveres with
soil dmmediately Jter spreadine o prevent odeor and
gasecus lossez and to be distributed and mixed very
intenzively with s0il feor optimal steorace and plant
netrition. Different technicues suitakle to combing
optimal wtilization ¢f rutrients ard concerns of

cOvirIgnnent contreol zre Ciscussed.

+1 nr.-Inc. . Krause, 2r.-Irc. 0. Sommer ang pipl.-Ing.
M. Zach are ressareh eraireers in £he Ferschunas-
anstalt fir Landwittschaft in Braunschweio-wolkenrode,

Pl Germanv.
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Tandapplication of liguid manure, furdamental reguirements
and now tochnicues

Introcucticn

Liruid manure has indwced 2 lot of puhlic discussisn ang
activities in research as well 2= in legisiation. Twe main
TOoINEs are 4iscussed:

1. 0dor and watery pollution, that means ervirgnmental
cantrol,

2. suitable ard onkimal apeliczticorn in plant production.

Tre traditional technoicue of anplication kas to he adasted
to the changing zituation in aniwmal ané plant nreduction.
asz well as to the public interest Iin ceneral sanitation.
The nore exponsivemineral feortilizers beogome the cesier
the apvironments: problens can ke solved, cspocially for
animal holdings with no o not enocugh lang toc spread the
manure, hecauwse of the ingreasing market far mangre, ang
the decreesing prossere o lapk for possibilities to cet
ric of this produoct.

Raegarding landapplication of l1isuid ranuare tpe scil kas
to feifil)l three itain tasks: To he

1. store, Tilter and reactor for the licnid and solia
rhase of manure ircludirg all nutriernts and other
contents,

2, seadbed with ostimal plant rutriticn and micoo
climate as well as anchoraose,

3. Toodway for traster, tanker ard imgleoemett.

Funceions of the sail

1, The sail as stoare, filter and reactor:

Qdcr ané water poliution are the main obkiection to the
landapplication of manure. Jder smissions can be reduced
comparatively sasy hy regarding weather, direction of
wingd, distance aof living and recrestional areas, tirme of
day., seasen, spreading ecuipment and fechniouss and s0Cn
incorporaticn. Measurements with the olfactometer show
that erissipns car he orevented irmmediately and dore or
less totally independent #f the procedure by covering
liguid manure with a2t EFeast & thin layer of scil, but that
ofior enissions can be reduces already remarkably bvw & flat
curve of the mznure stream ¢lose t& the serface instead

cf the standard procedure.

More serious iz the proklor of water pollution and losses
especially apwnlving high rates of liguic manure. Trring
to find the maximal tolerzblie application rate we have

ter separdte the hydraulic capacity &f the scil (the water
Fralding or field capacity}) and the chemic capacity



(mainly cxchanee capacisv). Both limits should rot be
excecded,

Besides the speclies of plant, the rotation ard sore Local
fapters as soll tvpe, Soil conditlon, Liologigal actiwits
and actual fertilizing the ¢egres of lesbace of rnutrients
depentas alss oo the rechanical treatment of the =so0il. Tke
oxwtan supply, corresponding to the nore spsace, whien
again mainly depgends on mechants 2ind eepellic commegtion
anc loosenlng and the terperature in the spil thzt reans
alsa the Septh of incerporation, influence the stoxe,
filter anc reactor capacity ¢f scil. EBEut even more
rezpansible for these functions iz tke actuzl inrer
surface of the scil arnd the cklance of liruid manurc ko
meat sugk free surface - that mefars Eorntion cooploxes -
By intencive rixing of lisuid rarare and coil. The bester
the cistributicon of lisuid manere in the upper tilled
Ferizorn, the smalley iz the Jdanger <of infiltirazticr and
ruwn off.

2. T™e zoil as seedbed

if an incivicdueal nutriticon ¢f dizorete wlarts is not
ooszible we shoule tev to raach & very corstant distri-
butian of fartjilizer all aver the =sedted +8 ouarantee
2ll the plants the same anourt of fertilizer at the sarc
tire. Thera sheuld alssa he a sritakle vestiesl Sistri-
Butimn to make the nrtrient=s avajlakle for the romes.

Because the tiro of arplication is decizive for the
efficiency of fertilizing we shodld tr» to aprlicate

as high an arcuont of the merere as possikle just hefare
or during vegetation tg prevent hich losses durico winkar
time., Dut this is 2 rrabklem of storace zz well ess of
Liming.

3. Boil a= roadwav

The traffjcahility of =0il iz in glese correlsation with
the time of zprpilication ande conditior of the soil an one
sidg ang the size of tanker ard the technigal groinment
ingludine tires on the other side. There are little
aroblers with the lardaprlicatier hefore or during
stubbkle mulchk, when the s0il is €rv arnd hard. Zut
travelling on surfare-gpread manure for incorporatior

in thiz traditicsnal way causes ar incredsad sormpaction
and =liprage, that means camace of =c¢il structare. Deen
tracke, azpecially in string shuse cifficulties in seed-
bedpreparation, 2irect injecticn Dehird the tanker is

an evicent improverent, hut alternative solutiors 2re
ciscuzted in the f[ollowing.

Tha ftechnicowe of irgorroration

Thres derands cen be deduced Ffror the previonsly said:



1. Covering of liouid mapure with =oil as soon zs
possibhle to prevent COCCY emissionS and run off

2. even disseminatlon and intensive mixino of manure
and 5cil to oEcvent losses by irfiltration and surface
run off as well as for ootimal plant notritiorn,

3. landapgplicaticn at an opiiral time concerrning the
demand of the plant and recarding the trafficability
af +he golld.

The most pooniar implenent of the new geperatien for the
landappilcation ¢f licuid manpure iz the tine injector
consisting of a beam with several small tines bhehind the
tanker. The manuere iz punped through diseributor acd tubes
inte the Sitch left behind cach Rine. Formally the odor
criblem can be soived with thiz fmplerment but with smail
rings about 50 ot 2part as usually the distribution of
Licuid manure jin the soil is poor {figure 1}).
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Fig. T: Theor. pattern ¢f diztribution of ligwid
manure ircorporated with a €ine injector

To improwve the distribution and taking into account tre
power reguiremant and the well krown propressive increase
of seil resistance with depth we hove to fnocrporate
manure Aas shallemr A= possible and over the total width of
the implement. Goose Feet chares az used by IMRG Wago-—
ningenr goveld be pne ster in thig directicr. But in prin-
clple all tiliage implements furnishes with Jistributors,
tupes and poszikly splacsh plates at the gnds of the tubes
ara zuitakle for the incorporation of mapure {figure 2.

hn oprimun conocerming distrikbation and mixing is the ingor-
poration of manure by active - pto-criven - implements.
Injecting liguid manure in the =so0il flow behind the rota-
vator total coverivg as well as a sufficient mixing and
vartical Sistribution are possible (fisure 3.

The wianted horirontal distrikbution cepends on the spacing

of the tubes and on the pattern of distribution czused
weyr splash plates at the end of each tuke {fiopre {].

b
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Landapplication systems

Three different sysiems are investigated at the moment:

1. Two tractors golny si1de by side {tandem) one carry-
ing the mounted implement mouldboard or dise olow,
rotatiag plew, chisel plow ar rotavator) with £he
gistributor, the seconc with the traiied tanker,
thet manure pulmped throush a coernectina hose,

2. the tillass ifgplement is - o= known fram injectoro-
mouthted on the rear ond of £he tanker,

3. tractor with mounted implement the manure ceing
gpoolicd through a letig, £lexible hose fram the
stationary bipe or from a tanker remainitly on the
road.

In the tanden systemr differernt available tiilage imrple-
merts suitaéble for the specific soil cornditions cen be
used. The landapplication of manare can he combipated with
tecessary tiliaocs operations — that means no extra Costs
for the ineorcoratien = provided the =torage gapacity and
organization are surfficient and suitahle, Tp increase

the cfficiency of the system sevaral tankers cap be operzn-
tad - depending oh the distance from storaqae to field -

in ¢crder to supply licuid manure continwously toc the
tillage implement. Besides the cizagvantage of pperating
two or more tractorsz at the same time this systemn seems

to be zuitakle for piane and not too small fields.

A tankar mountes implemeat requires @ heawvyr tracktor. The
operatian of the ilmplement cannot be watched from the
tracter. The 2fficisncayry is low &t least when the transoors
nas to he performed with tne whole writc.

The hose Systen seers to be restricteds to verv steecp bille
fielés where the trafficability forhids the coperation of
heavy tankers and to the application of hich rates 1like

in sludge diszposal.

Fractical field tests with the different svstens and high
rates of marure prove the superiprity of rotavator incor-
ocoration concerning a minimum of leakage of nutrients znd
the highest yields of sile maize, Regarding the practica-
Eility and sspeclally the costs of landapplication wo hawve
to compare all the menticned zlternatives with their pro
and contra keeping in mind the optimal utilization of
costly nutrients as well a5 the public interest in suffi-
clent anc high guslity food and weneral =anitzticn.

(=}
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i il cprraticns witn cultivators ar only wosazitle IF
1" trnerae Iz zafficlent flezr-ance Dobween clltlvator calnts
zrd =me base of the [rane fazout 75 ool
I tiie distanas between $the tines In oeanh direction is about
"ooam {idjustatle tives  ahculd be proviisd for flsxicle spe-
i~ o the tines for particulersoll and stTew conoditionms).
31 %o Aumter and avrangexens ol tinss Ere chossSn in such 2
&y <hes the=a S5 a Zigtezeae of atout 25 ém Setwesn thie cul-
civator furrcrs.

31 sumpieqeEntary cwlsivator-rmocntad ipolesents T groosd
szvallirz and fartnes eroapliag ar vsed. {Theyharily in-

fiuence the aixing f thaere awe oo driven irgplements but

ks

saeyfacilitese she following pzsses znd operations).
2] the soil is cuitiveted twice {a%t right anples) and
) at dAifferent degptns:for the Jirst time Tlet (10-1i5 com)
far Ehe accond time deecger [22-F% on) with 2 working speed
anput 3-10 Kol

aoTpearissn potween 2 3oring tine cultivebtor and z (spring
lpeded) TIigin zime roltivater way show some »esalits of mi-
xing 3traw inte the spil.
In whis experiment 55 dtfhz of chegpped sto-aw werc inserted
Imte g alay-leaT seil. 852 par cent of the cheopped straw were

argrter, 18 ger cent longer thsn 190 om.
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guyarizents have Dgen mEde with the DOLEryY culEivaktsr whian
s weually considered a very cood mixing Zoplement.

Jor mesults of tne following example 2re valid for other
5211 and s2traw ecnditions wespecstively.

In this experimeat 50 &tSha of chopped straw (30 per csnt
AToviEr than § am) wewe mixed Iato a 3iity lcam by the ocul-
Livztar and Tthae rotary cultivetor.

The wgrking deptn for the lactor yas 13 er, tine cultivator
v¥ith sgring leomded rigid tines) worked at 17 cnmoim the

o

firsy and st 20 om o in Sne second operaticn (&t rigth angz-
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1975 wiln ine Salhegtsr ane fre cotary cudeator fre -
T
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shaows Lias ot irplerments place helf of $he quanticy of
swrad Snte She Septrh ol 5-10 am. Yhile some of the straw re-
mElned on Lihe susfaze the @aszt siraw ¥va2as olaced 1In the layer
-5 em by ke rotary saltivater while the cultivator inser-
ted fthe same guantity inte the lzyers ol 0-5 omoznd 10-35% am,
Eecense aof <he nigh powesr required for mixing the stoaw n-
ta the fepth of 1% om 1% is not coovendent to uss & -ptary
salrivator,

It snould be netad that in the First experiment witn = usazl
cigzriouvtion of strew lengths most of the straw was placed
nto the leyer of ©-5 cm. Zn the second exseriment wish

Ll
ke

TA¥W CROPRESs SnoYier Than 3 om most of the atraw was mixed

I
it

irso ths laver 5-12 ¢rn. It is te b2 oxoeected that straw cnoo-
ced 2till zacrter will pe pixed even deeper. That mean:z tnat

La

straw wixing, ospesialily the diztribution gver the mixing

o



sarizon, fam be regulatod Gy the lergtn of chaposi straw.

The presenved SXpsriments shiow bhat nmixing vhe strew desger
o I onigh guantities of

nd

then 13 za,whnizhn may 9e nfcessary

ik
1

fTraw are o be uzei gnd niga straw concentratLon in Losi-

wing deapin ghouls be awveided, tne sultivator is to e pre-
furras | Thnis statement 1z supported by mesylts eof our »oi-

withn straw cf diffe=-ant

m

cing experiments that were tad
Mz oand Sifferent zuantities. Tn these exgeriments oTnc

sz of rosting were gotalined wnen the sTraw WaS

ormily in kne zgil  Zayers of 0-12 ap znd O=ig com-

exths can nazdly T2 aochiewed by =otary cul-

gr £img narrg¥s, especlally &t Righ rates ol atiraw
.

lavy seils. As ynder these gomdélitions even The SHIn
lougn doos not word sctisfactorily, the celitivator preserts
|

finnl statemens, however, wrich tinez, cultivater poinis
ani cultivator aounted foplements should 2e aselectad czhnioat
g made yet. avertheless She celiiveior Dz Lo Be Iogopogen-
des< for mixing Sto-gw 2Into thz soil. Becaose of the danpger

of zloeding the wse of cultivaters on sand sc1ls 1% oppe 1i-
mikes than on loan snd clay zeils.Turtner advanteges of Lhe
eze gl fthae stwraw - inserting cultivator are the recuctien <f
energy and labour =eguirements and good contral of perennial
weods fombined with degsr tillegge, winlgn mey subsbitune the
oiough edentuslly, In thisczse gultivating swige gt dlffe-
rent worsing deptns seems to Te nec2ssETY especially bto re-
duce the smount of straw that repains on the soll surtfaee,
MLy in this caze the use of zonveaticonal inmplements for

gepd bed prepAration znd zeowiap ie pozsitle without the can-

cer of Tlockiag. So an important covdition of using culei-
vyebors susesssfully Iz Mullilled 2md whe nlouss may bhe aph-
soitused. I thizs ecomdition garnet e reglized , speoial ir-

wlementas live szoanbinztions ¢f rotarr cultivasors &a@d secd

irills ar dize dApills ape necessary Jor the field cultivatieon,

fecording to thnls staterent the sesdiling emergesnce of follc-
ring arops znd $he  deveiopment ol wesed are Influenoec sy th
wBged aultivztar oparation. Jdne operaticn ol the sulfivator
xing straw simuitanegusiy is mostly not sufficient to pro-
Juce sood ponditions for seed h2d preTaraticon and sawing.
-

Femzining straw on the seil gurfaes cmuses blockinr of She

2.5



I—rxlements. BfTecited Ty fhzse oostructions znd by the wiph

comoentrasion of strav in tne scowlnp depth a rmeduced seed-

-

Zivr emergernce fs Lo ke oxpested.

epnm matier resulis iz achisved IF two sperations follow

=zgh otaer a2fter an intervsl off 3-% weeks. In tbis case
tmere 1s a pood seedling emepgence anc CTops are nezly Sree

-

27 weed ans cof niante of the evious Crop.

'-::I

IlTnodghn The aultlivator cAnnot ©F reEcormenRced &5 &R 1nple-
~ant Lo aZunbdtitese thne olougs pererally, The experiments

gErTaAed out oup to now snow t=mat is can replace the ploupn

seceafonglly wivrouar dipivnishinz yield if g socd stvew mi-

#ing Inte.She apil fs cobained.

FoEsinle lowzr yield when wslngs toe cultivator ¢an be zom-
sensshel by redusisns gulblivteblion costsd with repard to come
rarakle plough systazs.

Lowsr labour reguiremsnts of  atout 22-30 zer cant gnd lo-
=2r fuel consumptien of %She same rate conpiderzbly aflect

tnese lower gost. Yness dates are in corresponginie with
the expariences of Tarmes who 22ve sabstituted the alough

Ty aultivesars for some yezrs.
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The 7eh fonference of the Inbermatbional Scii C:llage Besearch
Orgarizecicn, Sweden, 19745,

X APPEOACH TO TRELIAGE BFSEASCH TH THE HUMTD TROPICS OF WEST AFRICA.

?&tt:ia:innal Institete of Tropical Agriculture. Ihadan, Wigeria.
ABETRALT .

Toil erofien, bigh sodl tesperature, frequent drougnt =tress and
decline in the organic matter contant of the z0il ase sacse of the
problens chat are when iarge-scale cechanizad farcing replaces
eraiicicaz]l shifting eultivation in the humid tropics of Wesl Africa.
“sleh farming with mo=-tillage technigues has been shosm £o dEFEEBEE
tuncff and soil losa, improwve scil-moisture and S01il-teoperature
vegings, and waiztair acil organic matier content. Howewer, Twe-sillage
céchinigues mav oot e applicable for all soils anc for all agro-
ecolorical envirorments. This svstes can be rade moTe verszetile b
gnpropriate research te develop planting taals for smallescale farmers,
agonomical metheds of weed controol, ans wechods for applyiung ferciliser
and meintaining melch matoriai an the sail surface,

1, TINTZODTUCTIOM

Trapsfer of techrology from Koreh A=evica and Europe o

subsisterce=level farmers of the humid tTopics, though occasicnally
seeeepssful f(Sanchez and Buol, L9751, is impossible for wost smell-
srale farmers who cultiwvate s0ils of low inheyens ferpilicy in Eke
forest rezicn of West Africa. Bocause a wmajoarity of thess spils
are susceptible to serious degradation problems, feérmers throaghouc
the tropics kave cwvolwed & moinod of reiwwenacing =oi) fercilicy
that includes a long forcst-fallow periods. Thiz merkod is

called "shiftioy cuwltivation' {Greenland, 13737, uich ckis
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meched, che chemical nutrients Temowved arte replenizhed oy nucvienc

-
1

recyeling, spdit ftructure 2 cainteined by the presence of concinuous
cover, and the buildup af weeds, pests and diceases Iz chegked through
forest-faliow rotatizon, The syster breazks down wunder the pressure of
populaticon howower.

Large-scale fares:s weroval and swubsequenc soil expodare by
mochantocal cultivation cesules in accelerated s0il ercfion, roduced
infiltration rate and water reteaCion capacity of che sovil and docrrcascd
CTEaAnLe Sarier fantenc and cwtrient helding capacity. A4S & result, seil
produssiviey declines rapidlv. The erosice coatrol by contaugs, TerElces
and afher mechaaical weans has both techuical ard soecial lLieftaCions. Oneco
the szallow swvrface herizen is ereded. it is extremely Jifficult to replenish
sail fevecilicy. Sced bed preparation methods are key fa¢car constraining the
developweang of agricolture 1o this vegron.

IX. FACTORE INFLUENCTNG TILLALE EFSEARCH

Spil Ergficn:

(i) Scil cresico i3 oo of the rjor limicing factors to introduce
cotticusus cultivation, its control is the first priority.
The peteantial fox soil evosion in Ehe hamad Exppics iz hizh
beoause of high <limabiy eposivicy and highly eredable
chatacieristios of many soils.  Aageal zoil lesses fxeo plowed
hare grewnd for Ioue years after forest respwal ape zhaown in
Takle 1. The amoent of s0it lgst lacreases for shout bwe years
afcey slearing, acd then- decreases due to Ineressed gravel con-
ganfpgricn i the surface laver.

fidl Soil Tesperature;

Ta the tropice, the growing season Iollows & long peried
ef het aed dry wearhey jusec che ospozite of Ehe parter: in che

cemperate zone. In che sccdling stage, the Cemperature of

21:3



bare 201l can reach as nlge a3 4570 ac 5 cm depth aed 50°C near the

Table 1. Soil lasses from plowed bare soil (tonsfhad

Sloze %

Years After Forest Feeuaodsl

1 i | &
1 > 11 £l 10
5 43 156 134 145
143 34 233 135 TE
1% LLG 229 gL g2

gurfare. Malre and soydesn seedlings, esnecially swifFer from high

201] temperatuve {Table I).

wable 2. 50il tempevabare e 3 om in the ioberrow rete codes
urmulened maize 3 weeks after plactiong (PC).

Discance from

Tice

the row (om). L&, 1..94 15.99 L7.00
o 25 0.¢ 3%.0 55.0

10 23.1 21.0 35.6 36.0

14 5.0 9.8 36,5 Ir.o

13 24 7 i3.8 &0, 5 35

IF 5 24 B 3.4 G4, |.e

{iii} DEduhe Seress:

mdishute stress under uplacd rainfcd agriculture.
water Aolding capacity of the sandy surface harizan ig law,

wWhile Fhe roolb pecetration Infd the sub-sail i resericred

Sceangly incevaccing with high sodl cesperature L5 the

becauze of ehe grave] Laver {(Gabalola and Lal, 1978).

The availa%le

21:1



{iv} Qrednic mErler:

The arganic matter content ¢f Ehe 30il declines rapidley
efter forest iz eleared. Ever plowing the crop residee weder does
oot maintein the orgacic macter ccobtent of the soil. Tor exacple,
the rate of decline of spil arganic watter content L an alfizel
in Nigeria where maire reaidue waz picwed in wasz 0.1l peércent per
month durieg the first wear and 0.02 percent during the secand
{Lal, 13753). The decline in s0il organic watter coatent encourages
lcaching of cations such as Ca++, Hg;+ ard ¥ and inerecases soil
acidity.

(v} Socio-cconooic nroblems:

The technology reguired and the wachirery reeded for tillage
may nefther be availgble to the swall farmers aor it is adaptable
ta hic level of educacion and =ox=mal scale of operations {Greenland
1975 .

3. MULCH FARMING

A zolutien to 1St of these prablems lies in £roquent and
adequate ¢z of crop residue as 'muich.' The present system of
shifting cuitivation carn slso be improved, rather than replaced,
by addition af =iople, but Ilow in=put and effective cechaology.

Becert studies 1ndicete tkharc mulching ar the race of & to & Lonsha

of siraw effecriively eliminates runcff acd so0il loss risks ever on
l5=percent &slopes (Lal, 1975Y. Soil temperatures urder mulirh are ic
the tolerable range (Table 33, and higher lewel of soil orgenic matter
gontent is maintained (Juo and Lal, 14976). Spil orpanic carbon condent
Wik:x maize residue vsed as mulch was matnteined at I1.6% three vesrs
after forest remcval cogpared to 1.0% in the soil of urmulehed plocs,

Conseguently, the pE of the soil in the mulched plots was 5.5 comperned

te 5.0 for the seil in the vimuiliched plobs,

[ W]
vl
e



Table 3. Mulering influenes oo Zedl temparature et 5 om depth yrdey
wgize 3 wecks after planting (°C).

Distance Trom TLoe
che row (om). 1894 LL.03 15.00 17 .00
4 5.2 27.2 3l.6 3l.5
10 232 25,0 3.5 32.%
13 25.0 7.z 4.3 A5G
23 25.2 27. 2 33,8 33,2
3r.3 25.2 29,4 356 35 .

Thare is & real @segd ©p meke wgleh farcics technigues practical under
diverse conditicrns, including the ussz of herbicides for no-tillage
technigues.

4. HC-TILL FARMTHG S 7HME WIMZD TROFPICE:

p-tillage f2rming is wore suited to the hwimid tropigs thaw
T Témperate rogioni. Walle flow solil warming ard poor dydicage
with noa-tillage are disadvantapes of po-tillage farmicg i=
termperate regions, these ara advantagecus ia the tropics. Sedl
ercdicon, from five-hectare vcreccrotoured watershed owodey no-=ill
Daize was sigrificantly Mower than that frox a wATershed wich
refviar anti-erosive contours and watewwarys buf planced oo maize
with cenventionsl zeed-bed prepavacion eebhads, {Teble 47.

Table 4. Wo-:tIl] effecekz an vonaff and $oil loss under maize from
i-ha swwatevghed,

Heplicariom Bunefl (1) 20il less {tons/ha)

So-till Tlowed Ho=tikl ?lowed

1 94 187 2.3 5.3

2 34 43 i.4 5.2

3 2L 203 1.5 &9

G 78 2035 1.8 7.2

3 82 334 2.0 .3

& 1% 204 1.9 BB

7 L 284 1.8 2]

3 Q2 258 1.7 -
Hean 59 252 s.4 £.5

2305



High %ielefical actiwvicy of @arthwes=s (Hyperiodriius Africanus) unser culeh
nesps B¢ s0dl dn ne-tili picts povoes acd the bulk densityr iow {Fig. 1).
Canfesuenbly, STOp YeOTIS penekrate cose deeplr in rme-3ill plots. Soil
temperabvresd Li oo-till plets are significantly lower (Table 5} and the

S0l meiscare yexize i3 better thaa in plased plaoss,

Tazle 5. Sedl tegporaturc ropice uwnder no-till and plowed maize ac
5 oo depth ("C) {3QS455274).

Trealment Time

Qg8 . ok 11 0 15 GO 17 .00
Blowed A5 33 3 a5 .8 1= |
wo-nill 7.1 8.0 29.2 296

The composition of sc0il air is significantiy iefluecced by plowidog and
no-tillage . Zecause the crusticg probleon is minical under mulch La £he na-
tillage plobs, ihere i% free exchanpe of gases between the sall and
ammgsphers. Consogquantly tho #$o0il ait in ne-:ill plocs ecs higher DE and
lower OO, concentrations than the =o0il =zir io plowed plebs (Table 4).

Fy
Tabkle &. TilZlage effects 9n che compasicion af soil air wnder maizes

Tresrment Ca % Cﬂg i
Plowed 1z .8 2.945
wo=Eill M.E q4.314

*The apalysis was gone by Dy, 1. Burford
of Teteambe Tab.. 0, ®.
Tp-ciliage effects ac the graio wield af werigus cegops in che African
Lyopigs has oot bee ewxtansively wepowgsd.  Mowewer, che licole daca chac
are avaiiable indicate thac vields equivglenc co chese produeced by
coovenTiqgral plowing ¢4 be obcgined with co-rill svestems of =oi]
—anepexent {Iable 7). IJvop performance with ro-tillage depends ob

wvarious soll anéd anvirommental fackors.

i-h



Table 7. Ho-tillage on miniwun tillage offecis on grep rield in the
tropics of Africa.

Wo=tiril ¥igld

{% of Plowed) Yeax Losacion Country Fpuree
¥
Maize 233 1961 Fuwnnsi Chanx Fassegieber
(1989)
Magze EE; 1967 -68 Eongurs Tanzanig Macartroey &b
' al (1431}
Majze b 1975 Tlows Aigeria
Cowpea L7 197 Ilora Higeria
Malze 1G5 1975 Tenne “igeria
Couvpesa 13l 13974 Ikenne Miperia
Mz s e T2 1274 Monrovia Liberia
Maize 215 1973 Monrowia Litkeria
Rice 152 1973 ¥orrovia Liberia
Maize 78 1974 - TH - Yhperia
Yalze 129 1375 Ikadac wigeria
Saeginm L 1974 Gabrono Eotiwmna Whiteman
{19743
Malze 7 1873 ¥Yampaia Uzanda 0lum and
Henderlang
(1373

g2 of Peeraria with so-till treatoents.

5. ERESEARCH HEEDS:

The performance of ac-tillage techalques depend on many factors
and the adaptation of rhis svstem to diwverse soll aod climatic
demands rescarch aleng the fellowing Lices:

£i) Fe-till Flanters fer the Smal.-Scale Farser: There iz 4 vesl need

t@ develop appropriate toois far planticg thyaugh wuich.
(ii) Woed contrel: Weed centrol can be 3 sesiqusly limiting fecror in

the adaptation of no-tillage $vstem in the rroples, Rhizomatus

weeds such as Tmprata cylipdrica and Zalimey Exisngulage way pose

cerious problems. The effectiveness of cheap ultra-low-volume ¢CLYV)



(L1}

{1v)

Bprayers ceed ro be fnvestigated and sppropriste techrojogy
develaped,

Fertilizer necds: Ho=tillage systens may roquire additionsl

pitrogen, at least during the early wesrs of acoption of this
techolque, There iz & need to fnvestipace the rate and wothed
of placemcnt of fertilizer mod develop appropriste technology.
Cowcr Craps: The effectivezness of nn—tillageltechniqueg can be
glgnificantly fmproved by rTotatlan with apprepriace cover crops
every shree or four ywears. Io addition to weed, fngect awnd
diseace cantral, thesze cowver ecrops= can help irmprawe the organic
matkcr sontent and nitregen scatus of the s50il and provide
tolehing material, Some of the promising cover exops iaclode

Stylozonthes gracilis, Tueraria phaseoloides apd cenbvosems.

s DERETY {g cand? PERCENT GRAEL

] T 3 3 20 4 L2
to 1 12 3 ; ! ] e e

SOF

DEFTH km)
a

Tie. 1. The cffects af five vears of ro-till and conventicost
plowicg on soil bulk densibyw profile,
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neaded prg ma _’a“ a %2 hectare

Tigare 1 ilivotrztaes Lie lshour o

farr cize with thi= Toictdion (CEVAAL, T9TE). The Eegerijod
gynyen lowsr: the labour-gecsl in sipradig,. bul not Lthat in awtusn.
In 97% =2 Five venrs resceren iz fiasshed, In vhieh ip this inton-
give cron wototion witl =zodl Tyo yedrs ootaiaes fng each four
wtars svFarteet is sonparcd: ;

Gt YelRP nisuching;

ahcs wwn roars zleousking:

cachk Iour yoars mlosphings

&t Tuur voenTeE drer cuttivoating (Fixed tine eulSivetor);

no cesn Sillzza for Fiveo vCETH.

thne rrsulits Tre precenicd iem this meoer.
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R AT L yaiL . Lorinbzha-
PRI A oy Tl i Lh il? £2 pubory WEe o §Q
DoEzin ToLairw Eorlegging
PR T TE & a7 el i gutes 1374 co
iy Coplezabad
s Tl N Tow ol autemn 00 Al
[oze : b oeelifraied
g 2T = e 3 pliety 5T
075, wetedses L veriviy rresitzal WS - P EL kg{ha
Pa,omagarered, peristy Tamivie UL e BT Fufh:

ko

Tiimos Trtter as nooe
¢ UG 4
ig iy ool 5 e
L L {Lﬁ:r;""an ra Enrﬁ b in
the trinl field treore was ual Crass kni
ol the werrpn not any difloraen wwsEr the
eni not gt weed grcozien
TEL RS IeEvLad ent daeln Lavtied.
mnlEn, LEwou Ln oaugust 9 Twgs
an fi;:;: S+ 4% oshovs th = oegntent
nergbtnts) varzus the peoao
: - ®otie layers Tz o ognd 22<27 za belew surlzce.
Aocarcing to previous Troeulocs Llie varisDititr in and belween the
curiecto Jor Ythe levsrs up Yo 04-07 en Is verw enall. In tae
levgrs #2-7F7 ¢un ond (207 om - surface the natural varizelility is
much sruster. &x in showm i Tipure & far the lover 25-27 @
boloy curdimde thore 15 fonr ololopenes Bolvoen tRe subiesis,
Intenzie nleousiiing hovesver sféns not %o be as pasitive on LRkis
s¢il-vine 23 assumed.
The sell-<kenizal research iz finiczhed or an intensive ﬂarn__rg
CAFed il n“}:. i innessont Silfererces vere [faund betvoen the
subjects. “he resulits iz J=zineral centent are 2iven in Jifpure

b. A= i= skawm in trnis graph there are difforcoces in comtent

el the subjocts pro laver. Ef contains howewor we gignili-
esni orlfesaioe betweeen In Tenliiy difFerent gsudliectis.
Bance on This researcen it sesss JustEifiable to conglude that

Lkl

-r=

Witk intesgive orop Totaticn as mentioned and o the soil
tvpe An described a roroslly cash year carried out deen pail
“iZ0npe can be restrl ocfed to once in the four years.
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Hvink, F.J.: An integrated apmorach in the zontrel of potote-
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The Yth Conference of the Internatisnsl Loil vilisge
desesrsh Trganizeticnl, Sweden, 1975,

AGdealED ABFRCTE OF X33 VAL _iI0W0) GF L5LT
oL IVATION 00 bALIN TIeZ_ ZBCoG

Yladimir " Xhsi T, Andjelko ZL21zAC
Feculzy of Agrinulture,university ol Lasreb,furoslavic
VAL LLBAD

Teculty of Lericuliure,Universgizy of (sl

LT nelT

Zr the provailing soil types of The main arricuitunel roo
Elions of Crostisz, the residual effect ol deep blilzge w83
seterpined by the Fiszld increase of the principal Zield
CTops Lrmaize, whaeat, suwar beet snd lvcerns),

A8 the resifual effent of deesr tillege 5 chargezble znd
vmrelteble, and generally iess owpressa2d Then the residus’
gffact of Fertiliring, tze dezision should be hwrougns for
gact particular case wheTrer this pheidomensn should he mads
use of in -edwsing The Zentn of the basic cperekion or gven
cemporary no-tillage, rrovided the scalieved productivicy Ao
nct decreased.

TET20pUsTTon IT60s 122 Lol 3L

Deep tillame (aver %0 cmy, 2ither oy turning or deep loose-
nicg of the 50il mass, Srinss zhoub considersble chenges,
nrimarily in She .edcnhysical cemnley and leyerinz. AT the
same vioe, de=p tillage rzauires ?“Eat Energy consurchicn,
iacreasing with the Greﬁat”d“ doptan, seep till age iz gens-
ratly zprlied on texbturally neavier soils of unfavorrable
stratizg=-aphy, either 23 &0 goglisrative aeasure or to £B83is-
£F sne::el recuiresenss of crops wicth deepr roors,

Soneiferecle changes i the sadpsphers, fie to Seap ftilla-
e, are Tanifestes in the phencosnen Xnowil &5 the mpsidual
effent of deep willaze, whitn 18 evslueted by tae wield in-
aresze of The crops grown, 4% gam-ared Lo the tillage to Ios
nseal depth,

As tillege is ascooparnied oy fereill zine {mpimaeral or crra-
nlEJ in +he agreteckniszal rtractice, tis lertilizsr doses hs-
ang o ooositive reZstion to %re mass ol tae gulbivatef soil,
the “es dua] effect of deep tillezze ioplies also The Jest-

cual effamg of fextilizing, @nd =1sy Yh-ir inges

The residusl sifect of deer tillizage depernds oo She Folion-
irg fasfors: scil svpe, clirate, depin ang glarise of LoZl1--
&, Terzilizing =rd scecifis orop reactian, Tods pelleels
a5 cﬁdwlexlt" and Zxvnamiceo

The Dossicility of Ptilizlng TiL.Ig wLencnonon macula te
vrewed Srom the aspect of raducins tn= Tazic Tillace dertTh,
sut fimulteneously emguring & stvavie 28 high jrgfuﬁtlyi’r

1 zlant croducticn.

Sur fincipgs rever o tie ferovionie 2oweedTs of the tpolio
dual effest of deep Ltilileme (oo the -=rircipel fisld zrovs
in the sein agricultural »srjicns of rgatia.

LX)
TR



TICoTHANEE ATLATING T TZ2 XRL Bl

noapoafeggional literatore, the rroblen Zn cuestion is
asef 17 @& rather limited and meinly general way, =ore

& an Yhe residusl elfect of deer tillaze are found in

v, Thug, BAITEHD (29SS mntained iocrezsed Fields of whe-
ar, sugar heet a2t neorael plcoaghing of a reavy scil,

an follawed dzen mloughing a2t 5% zn,

in this eountyy, ZxEETE et o2l. (29EL, 1967 aznd 19687 Ade-
Tarcined tre mesisuazl eIfeet of desp tiliage on clernnren
Yor wheat apnd wmasize, 1% cheould be mentioned that thnere was
a perelisl resildual effect of fervilicing end pleughing in
al the luzerpns fisld,

Alse on cherneren, STANAUEV {1%83) cbtained the residual
elTecy of deer tillage and Fertilizing on suger Deet, par-
ticulerly in the sratex of "oreeting a hcdogeneous fertile
deen plougo-iayer'.

SPLCASOVIC, [HEITADINOVIC acd ZJURIC (1954) w»ooorded the
razgidee]l effect of dedp monughing and mineral fertilising

ton the raisre yield on smorditza and pseudople)y soils in
Zerbia.

i U R LA
E N i BT H

LUVERSTISALION RESULTE AnD DIGCTSSICH

Cn the prevailing soil trpos of the mairn agriculsural re-
gicns of Troetia the residual effect of deep tillasge was
studied, iz 17 triels on lo -oestions, fron 1958 teo 1274,
fhe resigual effect was assessed by ths rields of the bpin-
cipel fileld crops: malze, wieat, sugsr beet and lucerne,

Troe %*1llare desth went fown to loe oo of exirenely deen
wlgszzhiog and loo x loo oo deepr leossening, (subseciling),
but mostly betweer the ploughing at 5o to 50 em. Parseilel
ta the different ploughing dspias., the Zoses of zineral
fertilizers were greded from 257 to loBo kpfhe HPE nutri-
SNuG.

It sheuld be pointed out thet the Adeptis over 4o ¢m had
an gtzlioxobive Turnese o Secoafdary pieuddgle’ on carbons-
ke leess znd on oligetrophic pietdigley.

The most important imvestication resultbs iveriaticonslly
statistioally evalusted,; are presented in Tabls 1.

When zusmmivg up the obbalned results it becoaes evidend
aet in 1l auk of 211 17 tpdiels deep Tilloge hed & residuol
faot, while rmipgrel Tertilizing in 15, io moat of which

g2 tillzge. Toe residual effect of deen tillage on
fmwestigated socil types ir different Fears varied =c-
ri=nar T the operation depta, westher conditions ang
21ific reactions of the zroos, but on the everage Yhe
igual effeget of fertilizing was more marked than tihat
tillaze, generally with The highest fertilizer doses,

=
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-
-

wi g o b
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& in

aH ot
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Sur recylts basiczlly acsree witk those obhtaized by other
investigaters in ptrier zgriculiural regicns of Tugeslavia

-

gnd irn sther sauntriess,
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CORSLUSIOHE

Tone obtained investigation results polntd to the follewing
conciusions:

— A& deep tillage 1= primarily spplied on heevier soils
of unfavourable layering to serve ameliogrative aarposec,
the greatest operation depths are applied here, as well as
for crops with deep rooting (sugar beet and lucerne).

= Deep operations of bapic ftillage should be alse applied
in nases of compaction on the pleughing Line and in subseil
dne to insdeguate applicetion of agrotechnical messures, me-
shanigatien and traeffic.

- The residual effect of deep tillage L= accotpenied by
the residual effect of fertilizios, which is more marked
than that of tiliage. Besides, there is also interection
between tillage and fertilizing in relatioen to fthe yield.

— The residual effect of deep tillage az a rule Jdecreases
with time, btut oot always at the =same pate; it can be "hid-
den" pne ¥ear, to reappear the next year, depending primari-
17 oo the weather conditions,

= Dgep tillage, =3 such, i5 & diffienit aad costly opers-
tion, but as ao smelliorative weasure it shounld ba regarded
as an ipvestment, and in crops with deep reote 2= a neces-
2ity for obtainiceg good yields. It is well-Emown that, in
our production conditisns, desp tillage redlces the adverze
effeats of the climate, weediness awg contributesz to the
rield stabilization.

— T™e =psidus] effect of deer tillizge should be made use
of within gertain limite, evaluating in each particular ca-
ce the jestification of reducing the depth, apnd even tempe-
Tarily omitting the basic tiliage, but without rizking 2
drep ib productivity.

256



REFERELKCZS

ATDIOVAWET A, (1254): Ls IZavoracichne profends el ferrenc i
LS, spcﬁwwenthzlﬂﬂe in ecorso, Senova.

BALDGHI H. (29553 Snll? aratura a prefsanditd varisbile,
Trogressh agriccin, ko 12, Fari.

SURORAAG, 4. and FIHATIC,V, (1S%a): Ispicivanje optimaine du-
bine obrade iﬂtéﬂaxaiji £ Oineralnon gnojidooo za lu-—
ceraz e gligotrolinoo pssadopleju faravol, 3zvrexera
pol joprivreda, Zraj 1 — 2, kevi Sad,

ShMOzAc &, (30725 ﬂaguénﬂ?ti ponovl jeros uzgoja luceTrne na
pseudorledu, Agronomnskl glasnilk, Brod 1 - 2, Zawreh,.

DEREGIC, P, and FARFKOVES. Y. {i264%: Uticaj dubice i ozfina
izwadjeriz osnevne abrade Tla na prinss kukurueas na cers-
nozema juine Backe, Jecliiszte i biljka, Zo. E, Secprad,

TREAGIC,P., JEVIIC,S., MAZWOVIC,Z. and STRUECIV (12677 -
Utica; dubine abrade zezlji=tz I njenog naﬁna*nug £ed-
etwa na neksz zorfeloasks svolstva 1 nrainoes gravnin oetar-
skih Multurs na fernczeoy, Zeamliliste z biljka, Ged.ZVT,
mecarid.

SHETGIC P, SAROUT. 5. and JOOIC,S, {1958): Uticaj <ubine
ocradjivenia i Intenniteta djubrenja na neka worfolofka
avojistve 1 n“lnas Elaﬂnlh ratearskia multura na ceracte—
mi, Zemliiste 1 biljxe, Vel. VI, Becograd.

HALNEN~ECRG,H. ([1560): Die Tiefealeistung des Bodens unter
sTf#tzt Sie FlEcheasleistuug, Die Fheosnhorsdure, Band 2o,
Folge 5, D55EN.

TLFFLE, L 1957): Lehrtuch des Acxer - und Fflanzerbaues,
Eerlin = HaALbUDg.

FATCARIS S ., MUwAl,I., AUWLWEIL.T. and GARTINGYWIC, 3. {19710
Irodueine djelovanje dubine ooraie lesivirsnog scedjes
tla Fosavine v interakeiji s enciidbom pe pripns kuku-
ruza, Saveetrena polleprivreda, Broj 1 ~ 2, Novi B=4,

MTEALIG s ey “L:EFIu,;. and pADJTAEIC,R. [1G86): Research io
5911 tillage for wazat preoewlog, Fiith TugeslavT s7rposi-
ue on feEgaprah in wheat, siovi Sad.,

MINALIS, V. and BUDCHAC,., [1957): Zeosibilities of growing
31fal£a on rseudosley, ~ete aniversitatis agriceultnras,
Srnc.

R - blu,u., SUDCRAC, L, and AZ.0F.3, (LOBF): Duboka cbrada
na lesivagatcs ﬂted;em tlu Tszofne Slavenije, IIZ Zon-
gle: euFh, Jadar,

P INALIL V., SUTCRAC, A, end BI:0F,%. {1%57): Obrads tla
geliorativno] fari na pseudoglejr faravni o sjevers -

agpefne] Hyvatskeod, IIT dongres JOFL, Yadar,

FIEALLE,V, and AILGO0IC.2. (1959): Troblems of the ploughirs
depth ia Yugoslawvia, Froceedings of the intern. syopo-
gium oh s0il tilltage, bEOETED.

RIEATIG,V, and AUTIEAC,a. (19Fe): Zillags researsh aixed ot
their solution, Frocesd. of Int. Confererce or Eillage
rezeavch oetheds, Silsoe.

I~

Ln

.
-l



CEALTELY, . BUTORAC,A,, LACHOVIO.,L,, BESTAX,T. and FCLIVAR-
SEI,I. [AS7P3): The valine of subsoeliling on the brown solil
on carconate leess, hy comparisoz te tloughing, Sixtk
int. Conference on 20il villapge, Wageningen.

[

c Al I. (1985 Prodnfao dielovanje dubine oranjz na degra-
dirahcr Serpozeru 1stodne slavonije, Geijek.

“Uendl,1., SADJARTS,Z, ewd JURIC,I. (1971): Fredudno djeiova-
nie dubine sorasde soedjep tla istofze Slavenije u inter-
skeild s gpojidbom wa prinose czime pSenilce, 3avieqsns
saijopriveeda, Broj 1 -~ 2, 1971

SU=AG,I. (1371): Ispitivanje produinog S.slovan;z cubine o—
brade smedjeg tlaz iza Sefarne Tepe oa Lriuese nekih —a-
mprskih Muitura u uvjetima 3lavonije, fhirnlx Cedova poe
ijoprivrednes instituta Osljek, Bv. 1, Laljes.

rUsAC,I., JURLE,I, MUNZWEIL,J. aod (WARTINOVIL,3, (1974): L-
riecaj melicracijske duboke obrpde tla istoczne Slavonlje
np prinose pzime piernice (lokalitet iacidi), Zbormik ra-
dove paljoprivredrop instituta Osijek, 3wv. 1, Osijek.

FU24C,Y. (1974): Usjecaj dubiue craria i gnojidbe na prines
Mmiksaraza pa teiia tiiwa Agroinovacije, Eroj © - lo,
fagrat,

ﬁﬁEEHSAE,ﬂ. and HAUHE, K, {1%35): Acxerbau, Berlin.

SALHAGEV 5. (1343): Produino fejstvoe osoovoe obrade pod  Be—
fersy Ty 2z nrinss pienice v slededo] godinl, Savrieoe-
wa paljoDrivreda, Zrej 11, koevi Sad.

SUCIANGYIS JF ., SILAUTHOVIS M, and DIURIE,5- (1964): Hezulta-
ti egledz se ifspitivanjen uticaja dubcke obrade zeml 1-
ita Tipa smonica pa prinos Xukuruza, seoljiiste 1 Biljke,

o] 2, Seograd.
SR ryamay Zaive] i akiuelni problemi w prouiavanju zemlji-
Sta cupeslavije, beograd.



The ?<n Confzrence of the Internationazl Zoil Village Resazrch
Orgarization, Sweden, 1276,

HIMIHAL TILLRAGE EFFFCT GH O SUGAR BZET YLD

“rot. Dr. Budimir Bile e
dr. Di=oni e BoZid
Stevan Dazid

Faculty of Agriculture, Belcracu

HESTRACTS

Uiniral tiliage wariancs hawe been investigated: plowing
im upon thd depth af 30 ane 20 g, fofarrasis aaolicatios
uoan 8 atc 4 cm oof Septh o with BrE-SrRps ! Wil TEr wiean,
corn and alfa.fa on the alluwial desonition of black marsn
5oil as we 1 oas the r effect agon The Lugar o2t yia'd
frugesiav selection Al=Fely 1/ Fror fhe Tares-year expos
“i“ENTE GN& Can concicce thst the plowing f@ptn of sugar
teet after che pre-croo of wirter of¢st il Z¢en cen be
di=inisheg to 20 ¢w: rocorfresis zpplicetior an 4 and E

ca gffeccs a very s gn ficant szatistical yigld dimiaish
=enl in relacan o concral wa-iart.

FoKIMAL TILLagE FFFECT uR0n THE sU5ARE BEEY YIELD
Iatradeelion

Sugar beek Tz @ wery infens.we tpe Ctap, o foam &0
agriceltural crops "t mas a3 oeawiest derprd Sawacds L l-
lage, i.B. &n respect o tka cdedis, tirs Gus Ty and
rmoee of tellage. A classic syster "o suddr heel 05 a4

Fer” Teers =

1

1.1 acnbble plowire-ir ©2 to che 15 cr of degea, .0 plowing

Lpan the the gepek of 25-35 o, 3.0 deen olowi-~o wpan 35=50 cm

-

35 copkh in Zependence of Eoe plawir s Tave .

Yany estates "¢ prodactiee corditigrs 233ly 1nres plowings
Lp to the desth o 40-52 cm 7 125 Qeijes - iegusteid’

- - - - —_ = s ' A F s
Agriculoyral Tomsine =~ QRijed. Kectarowid, 8o+ /.

we Fave Lidesraken 05 our rash o investigate -ow tag
warianrs on criral cillage or 20 oo, B cnoand @

g GFf ceplh efFecl [Re Sygdr weal yisid in conosarison
with the glassical and osaai dearn af 33 <moafies to=
Cre—Crop:s winlar whear, aorn asa 1 fai Tz,

CxperizaenD nErbodiog
In the perigg 197071 - 1€T72:73 e i weerigarions ware
made by the netkad of Tield exporireat of o statianary

characrer.

The *p1iow ' ne wvariants were inwvezssigated: &, soowesTigna -
wsual one are the cortral variaer. B Taz aiow’ng codn



20 erm of depch. C. Rotary hos apolichsion an & gm of daogn.
J. %otary Poe applicarier on 4 om of deschk,

Tre invest gation was done after the following pre-
crops: wi.nter wheat, corn and alfalfa. The field expe=
riments was establizhed according te a randeorisedblock
swstem fn 27x repecions. Tre sire of the fundamentdl
plot was fifby zquare meters.

“he tillage was <ong on the following way:

. Comwentochnal C0llage consisted oF the Following
CpAraTion:

1. afrter the wintér wheat, 1he stubble plowing-tn
ca the 10-72 cm i depth amd poowing on 30 com. ar the
begi=tiag of autum disking vas dosd in order to Jis-
troy weeds., )

2. after the cora, plawing on 30 om of depth with
the usz of heavy disk harsrow,

3. afrer the alfaifa, the alfalfe plowving-io on
IC om of deptn with 1Rg wig of heawy disc harrow.

Pre plarting Cillage aes Jore in §2eing with pulwi
muleker, after ol |l preacropss.

3, Miriral tillage varinzt o 23 cr of deptk had the
some ppersfions a4 well as che wariant 4, cthe only
Gifference being in plawing deptr.

C. Rotary hoeing an A cm of depth, in depandance
an che pre-grop confisted oF the follgwing aperations:

1. Afcer rhe winfer wheart - che stubble plowing-:n
an 10-12 em wich che wse oF Jisk harrew doring the qutunn.
In spring rafarfrasis was wsed / Rocorfroese LR B0-225 f
an & gn &f dapth,

¢. Aftar the corn and alfalfa crop, anly raTorfrasis
was uzed an & cm oof depth,

. Rotasy hos onm & om of deotn consisted of working
operatians as ir wariant L, while rotarfrasis 7 Rotarfratse
LR 80-325 / was applied uoon & o of depth.

Tra exneriments were |ocated or alluvial black marsh

sail im Poardewg marsh F pccocding 1o glfassificasion Favi-
ZeviZ-Gligaeid 1973 /.

th:o?



Watar-air proportics of rhese seils /o according 10 Pawvi-
ZewiC-G.igoric 1973 7/ were as "ollows:

fzath Lot i gz Spec Tic Porpsizy Field M
im on testure gravity grav gty Tn % wel caps- Capar
by city X
n- 20 clav- 1,30 2.7 57,4 44,z 2.k
loam
30- 500 1,34 £T7 51,7 §3.49 8,7
0- 30 zlay 1,38 £, Wik, ¥ Y40 4.7
42 .1 .1

sga-130 v 1,43 .75 48 .0

froording te the uscal laberavoery andalyses, the micrgele-
rertts conlents was 2% fo'lows: aitrogen 3,173 wg/100 gr
aof seil, Pa0g 3,8 and Kzd 2,8, The waluw of pF in

491 amovnied toe f,0 and pH in KOL BB,

The fertilization syster was as Foblows: in 158% automn
280 xg/ha of Py0c was used in desp plowing as well 25

A0Y kaq Fna of HEE- Tne ritrogen was used <ach year, argor
pre-crgn af winier wheat and corn - 50 kgiha beofore sowing
and &0 kg/ha of gura nitrogen as a top fertifizer.

The sowirg ard the harvest were dane by hand at an

patirmai time. Soace betwecr the rows wes 50 ow, while in che
rows 25 cm / BD.030 of plantss, For the exparimenc che
Yugoslav vsriety of sugar beet was used: Al-Paiy 1.

Tre croo conservatior was efficient’y done with rhe
gooropriate chemical mearms, The runber of dustings de-

perded or weed anoeazrarce, Herbicider were nob oused,

The sagare peer yields ~esyi1s were seatistical iy worked
el eccardirg [0 e warigraed aralysis =ethad.

Meterological conditions

Tre meterolocical conditiors = the guegrsge anthly
temperatares and precipitatior amoarts were giwaes.

L C : .
dvierage monthly temoeratorcs S 00 F Precigitation: ia me.

1371 1272 1973 a7 197E a7s
=511 11,34 12,15 12,10 R13 f45 .5 Li7.B
- 1X 12,56 13,2 19,45 3o 7 441 & £Bi,0




it

Tab. b Hindwal TiY009e and Pre-Crops EFFect upon Swgar Beet Yield (mofha)
Tiltage 197 192 o heersge
kst hcacls Frogading Lrajs Froceding craps Pracading crop Freceding crops
w.owrhieal corm aglfalfa w.whent corn allatfa vowkent  corn alfal Fa Wouheat corne alFalfa
i GE49,2  ShkD.1  B4D,3 GEN 7 ROX,1 73 neG, 2 03,4 emE,g 140 laa I D
B &60. Y 626,99  &O00,B £35.0 fro,9  A731.5 461,9 G445 SE0,G 37,0 9k, | al, |
C 59,3 L4m,7  54E.7 622 B t3H.9  nG1,5 Lis, & ite,0 47,7 B9, Bh 2 72,4
I3 cch,9  &11,02 G&RG.9 £08, 2 LA%,%  G59.6 10,0 9.4 W18 By 1 3.7 E8 &
150 5% .09 77,5 1 4B 40,8y 31,8 Lk 3 40,64 L3,z 32,0
3 16,21 1%, hi.Bh th, i T B4, 3 6,3 595 G4 4




Tawing inLe considesation (n2 terperature <onditions
and precipitziion distribution, org far (onsider that
Far zogar baet productior meterological condiTions
werg nestoan 1972,

Mscussion rasyulcs

The axparimencs with the study of the offects
of minimal cillage varian: as well as the or&~srao
uwpon che qygar paad yield were giver at the table &

From the resalrs ora carn see chat A a.l wears

the largest yield was oataingd with tne variants of

the plow being gsed on the depth of 30 <. The piowing

on 30 oom of depth corpared 10 tndt ong gnotne dz=oin

28 20 cm czosed 5 statistically sigrificant g-owtn af

the alfalfa pre=crop yield i vhe fi-et ard 1he secord
caperimentzl vezrs /3.5 rofna and 58,4 eofhe L, And

a very significant growin in the [ird weae S 7.9 modha S

In cke pra-crop of winter wheat, T deese- tillege
Fad 2 slight adwantage ir 1971 ard 1973 yea-i

S 158 - 4. 2 mefRa £, owhile e 1572 5 larger wield
was cbtaired in the variant of deezser plowing For
43,7 mcfha, which is statistically sigrificart,

Cn che pre-crop of corn, & deeper plowing nad ef-
fected 5 statisticslly more sigrificens gegwin of yield
18334, while “nozeBer wears [hesée arDwTns w2 @ noo
statistical ly significant.

Aotary how apolicat on on & croin relatior o rhe oTasy

Foce apnlicacion on 5 cm of Zast= sesclted in statistica -

Tw werv sianiTicant yield growzn in 1971 afte- all ore-

crops #FT1e an 1273 afrer cre p-e=~croo 0 wirter wheal &0 d Core.

“rom all trese axper:mart resclis one cen corclude Thac
plowing deprk for sucar beec afrer pre=troos of
winker wheact and corn can owe 20 oo

iTiniskirg

Accardong > the daca o C21lage expeErses, 2y OO
ihe BEIeNIes are
£

plovding depth from 41 o te 3D oga ard 20 g,
Eeing diminsked frew 1905 ko 73014 aaZ 15 813

-

Milojic-0tasew s 1273/,
The probless af mintmal tlllage wariants forosugar beet are

wry complex ang reguire @ stosy fTrom the eobproaig
and theorericsl wiews as well.

Lircrature;

Yyrbanow €, I£.: Praizvacnha fecerne repe na 154 Dsijek o 1%6E,
gqading. - Agronavnaki glasnix, 4-% Tacrelk. 1964,
Fidapig, B, Bak ¢, 5.0 wrigedl win malee sorade T pratasewa na
Erings Secerne repe. IRorntk oragnva Polioprerecnng
Fau'teta, goc, XK, swv, 997, 3. 1-7. Secorad, 15972,
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Toe w0l of Txperimect 2 kel & loag fop sall gver oloy

i1 of Fyperimect -1 rad a oo ay loem S23. The soils TeEwe TeeT
cedtasrated Jor a "crg Ll_e, Thew ara poorly dralfed Ip metursl

: g of 8¥ Li2 d2minunt in ke sabsail.

[ Ion is "ea_lr &E“ﬂ smel fus to tEe short tice since 4ns
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2laciation. sccording o She UE L
O grs he olesgified ar RaTlanuertb.

Zlimatic dats are given Im —asls 2. They arc ferivei fror Jalial

“abtle B. Felerted oiipatio dets frop das, Dorway, 1531-40.
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The climats of Ltne frogt free seszor if crargeserized by B ococld

ear’y Apring, = predusrey grousht 1 Wey — L0 Sulw oskd s overy wet
extazn frax the 10 Sertemper. ?@rzulig re scil pea?ile dig rechergei
w1tk water arsvprd whe 10 Septermicr. The Sicid rapesity in thess 3alls
correspotds rather closely WiTA oA “n+“': aotion of o X ber. I
Irort in most years doeg nnh 22 depmer then D5 =

Tze treatrerty are gived Seood:
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=
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oL I1BRE-fA} Cre rarrpwinp To tocsen the s3L] telore planmtiing.
O (2%37-750 55 g I wer hectave din cereals, 7% o+ 3T.ID Bg N In grass.
01 (1FEV-T3) 170 kg ¥ ner rectere Ip cereals, 230+ Y3 kg oA grass.

nxmeripent TT, Telonpaelicn, I-
Taer Levals ueed Tor ognon Tnetor werad

Tl o compacticon o ﬂHJ,t:nn TC ﬂcr:al t__ldgc and Kacwagt €

IL Ome pass, whesl traglk by wheel track, with oo D =
in spriag EAlore cu*t“vat1Jn generallr in owel poll eond

Tazn year of zompzztien 1970,

~% I Bt Tefowe plougniog in bre apTtamt, genesalliy o - T LR T
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o mapeals, 200 5z 0 oIn grasi
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Tz experimental design was 3 Split Dlot tactowisl iv both experimenis.

H

r experimest I, the A-trestrente lvetness of 30lli were of Large Tl

wity Une BI-tpastments romsTituobdeg Ghe suehmista. Tn o sunesdment TI, the

T—t»eatrent NCﬂE}uftlﬂn] wera 0 large plots, wilta Sh —~roatrentn

iTitrogen! comstituting the cuoplota. The resualis vers broatdd Witk
ordiaary variance analyses,
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The razcelzz of ke 223l pocpacticn ermeriieent ©oire dlvided InTo TWg
rerien,

whe pariod LREO-1054 2w winian she I--fagloe sligelfied £ oloczoning
af the Tor liver Zafore vlanting
Tre period JGAT-IUTS in whiech ke I-footeor signifiud mitropsen,
[iving the prricd 1382-1388 trara ware b year: aof berley [Hardsin
valgave T, ) and ome yosv of rast {Seacelsa nepus To0. During the
cacond pericd There were I ovesrs a¥ bapley, £ resws o0 cats L fvens
rativs T.) ans 2 yegws of e, For osoweerisoy Derley grd 005 ATt
graured Together a2z ceraez s,
. . .- - v - = P e
It LERYa 2 2he wielfs of meveas graln, TS per rant Iy metTer: a
¥ (3% par aevy dry razser) sve oiven,
Takle %, Yivids of zooreste 8wl hew I experizent D odaring the zericod
— .
1352-75,
“igplhr, ton Taer heotoerwu
Teresls leveels Tiay wEeYHEls Eax
Irestment sgip-£f  IoAT-A% edg—mn LgTe—th o LETS
© ~ - A . [T
BT 2.5 2.7 e -2 AT
RilBl 2.3 . 7.4 E B
LA 3.7 Tl 2.2 w. b T
=21 T L TLm L.- .3
Nt 2.5 2.4 T.3 N 2.z
o1 3.7 K BT LLE 2.7
Zlgrnificant affasts a, = A0, - T i
Toring boe period LAGE-46 oultlioratics avi corpasiion imoa wet osall
= -
sondition seduced he Ticldd Hlgrifigartly dp Sarlay, Toe geners.
lowrring of the graisn yisld Ty sompaclion wan 15T kg per hestere o
Hopar cert.  Troaoet rail cctﬂi:iht The yvield redurtisn Ty odc I
Ly K

wad 207 Zp per hestare or 12 per cent, winile im 4hs dxrier gRiloansd
r : '--\' 1 - il = - -l _ = —
no reduckisn was o7 koo o9et hadhtard, ooz pact 2nT,
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Topive thne wesrs 1I8T-TC pultivaties and compaction fn o the wet condiliom
redyzed zeresl yields signlfizaztly ns compavsd To goil ha:dling it trhe ey
sbditioz. Tnero #ay Ao woild-gn of this effect wizh time, 23 1o clearly

f2rponiiraTel oy the pumberzs o the tatla. 0o the gentrary, ic 1975
Crivar wear’s Lew! the rield of pay wags hipkest Jor AG.  The reversing
sf tne 2oil moietire effest of the previcus years might Te 2 kind of
mv3Topstls affapt, Iuring the wear:s with low rields there dey Thave oeern
a wcild-un af petzients in the agoragates oFf tae A0 mosms.

The elfectz ol goupeciion 413 set ingreage wiEDo time. Al hi5= geil

TEIELLEE sontest the effact of compect.er of the arain yield in 1HCTeAE

wvag —3o0 Wz per nectere, or -2 per cent, vhile St was —=D0 g ey beftave,
e -R omer fesrt it the 1972-74 pericd. L voth cesed thke “’ﬂpﬂt*iﬂﬂ

arect In A dry aci] was neglipinlae {-30 4o -0 he por heciprer. Ther

WAL D S"E"”I. “figact Interacstion wetndeen r“':l.f,.1 SEan 3_"":-:'3. ASTMECT I

Tarly mianting iz ore ol the reasons Tor the Tigh wields In 137274,
the sverape Doanting ize Belne 2701 Ap¥ll, ¥@ile It was 2VIh i I
TcEv=E3. FTlsewhers It ohis teen demonstreted That a siightly nigher
2oll moigture content at oultiwatlon Ltoen She smueiling sizee 413 not
dacrense yields when plonted very pdrly ihigs, LEVED.

The sTraw yicids molirly followed the graic "'E;ds. mohhe svevere,
TowWEYET , the grain peresnrags yves lower for ACZl-—reatment than
for a2y other Treatsent. Figher nlirvogen . level incressed the

wigld ¢of strav rope for the wet soil conifis than for the ary.

Tee nodpine vercentaze in gereals was decreased Uy compactlon o7 won
soil, bubt not b oozpacticn of &-r soLl.

“he weed populaticn wes generally ineressed Ty wet mardling of the

scis. Culmivaticn on "_Eh zoil missture Lozveanss tre gtend of sow
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Tiig Tih {ocoterence o “he lnternaliona. Scii Tilage Rezearch
{rgamization, Sweden, 18706

CEOMETRICAL STUDY (35 THE DIFFERDNT ACL DECA KT
PLOUGHE RELATED O TR STA™IEH 0L COXNDITIONS,

Ev Frof. Dr. Inp. Jainwe Driiz-Coafavae
Fseaeila T.53. Ingenierss Agrdnomes, Madr.d Spainl

ARSTRACT

A mumper of 22 aferent molducars ploughs were stodied Iron
the geamnetrical poiat of view, ag a Jirst $1ep 0 order 1o Rdapt 1he-
se 1ools o the different Scanish seil conditigrs. For this purpose,
AT ApPParalis was consirucied o reasare the eoordinnes of The -
meldboard sucface, heving ezetlished zeound 330 zalnis Iov each
snoldboard. The surizces adjusted were of the polinoneial ype, ex
taictt in & fvubics and gquadsiest which clelded A very nigh muiti-
pie covrelation coefiivient. For further resesrnb it f2s Teen out-
lired the hvperhbolic parabololid f the rvoe « “asvlibe zev ag the -
most suitzble. Witk the ald of a minicoaipuier, e moadooard 504 -
pos were slatwed in dirferent sasizions.

| %1
oL
O
—_



DLt

Toe ellecis of the siffgrgni (IleZe practicds 10 the fround o “ha
ST E DoLanis uatil tnay Aare marcesied are 2 Tioglt 1o evaliate, bea
FEUSR MOS0 MEN Jaciors BRI are nyvolved. 1N s9me cRESS SOmEe -
sublie-io o aviteria nave De2en esiaulished whics have affected (he ra -
“uitA negativelw, Tueilllzye techalgues Have 10 0@ reconRsicered g
o ddanted o e o cloosta moes,

Ir. Spaln, 0% Sg rECTar plouEhs are nodbcard plovsns.
“la=* o’ theza ':.-' rusts are desianed empivicaliy modilving she serfa-
\1 E b = Fl d . bl f

= -4

I

e b the etz of e and error . The desiga n:-f the moldaoned

DLENS NAS PFER THAIS TIOEe I8 AR &0 T as 4 lechn:

reisilres of the resazqclh and srsceasenis

The fack o energy I agriculivre nas ouliged 10 searcn for a hes
er usme 3 Tne availebie enargy, This is one of 1452 reasons whye we
~ave DETIN & researcn program so adapt e onaldhoasd nlouzhs Lo
vee different Spanish sall canditiong,

Az oa llrst giep we Rave gradlied -lront the Jeometrical noint of
vigw - the surfaces of tne moldicerd sloughs avaiishle ik oir goun-

Ty,

Many authors nave studied the gaomerry 2l theg maldbozrd - -
;‘T-L-I*."“. St CodnsLoo i el syreas thal integrate tnose ELI!'--:I.-EEE:
- ]

thelir curvalurs and ke anglzzs that they make with differen: plenes,
65 Jur exeInple Sokne (1%39) und Floresco et al. (19458

Cor’atschzin (12081 estabilshed the three main angles of & wed-
g0 to veiine e molduodrs suriace and Lo explaln tne work dona By
e verticag angle of cutring and elevartion, the horizonial angle
7 Zide thruast and the vertical gne of orning znd inverting tag 5200
Avers,

Wicnols and Kamrner 11822 divided she suriace of The maoldocad
wleazic Inlo tAree seclioner the .owelr, or Share portiern, fow braa.,
siry the soul: tne central ares for polveozny 2 and the uoper par:
T ourning and ks ering i

=

Foniyer (1945 classilied the moldhoird sheoes a8 ruled surip-
ey ool i Terert Kimils.

For b meresal o ol least in S23ia gistomatic studies have mot
ateh rhadae (o e ibhlisn the gruations that feling "we agrive surTAce
the meinoacd slopghe, Having thesge ecusilons, It i pozs:ble
“coervelare chere with the pesalis ohaived piocghing ke SifToror
vmes ol gotis in grder o entain the most suitabie moldsoasd shane

Dep oeals cordizion.

2h:z



Mehods and resulis
In order "o mmake *he measuraements of the coordinaies of the -
moldboard sucface 4 was consiraeted an appavates called " coordira
~omerer , Tormed oy wo parallel gridéed mlanes. The (ool whick -
chape is o Le Zesoeribed can be orieried so thst the straghl lioe be-

weern the oldbeerd and the share e norizorntal and lesn in gne ol
‘hese planes, and corresponds o the X axiz. The holes are in each
diteclion 22 mm apart:. The needies 2 thrauph toe CoFressanding
holes uatil their noinrs touch ke susiace {Jig. 11, The coartour ig da
termined with sore gongilv of Meastremenis lone point eeck 3 mm,

Stone and Gulvin (19620 indicate 1has ‘kere &re necessary 330 -
poinis in grder 1o verify the guaiity of manefaciore of 2 moldboard
cirape. We nave establizned as & mean, 300 poinis {or 2ach meold-
Loard.

We nave adjusted difierent kinds of pelinomiz]l seriaces explicit
in 2 feukics and quadrics! adjusting the regresdion coefficienls witi
pooompiier CYBER-TE CONTROL DATA of 75 Ke. The surfaces oo
macned of thve guadric tvpe, vielded a very high mmultiple correlarion
coetficient (B varied frore 4, 86 1o 1, 931 and were 1n general of ke
tvpe of hrperbolic purabosiowd acd a few also of ellapiical paravoleid.
[ Table 11 We have zdopred as the most suitable [omm 1o define the
moidpgzrd shape the avperbolic paraboloid of the tvpe:

.2
= ERY o+ v koow

in order o go ahead with the research outlined.

We have siated that there are some slight differences belween

, in tneory, ideniical moodbedrd shepes becaase of the manuiac-
suring methods Dwarping disteviions, Sengding ang herdening opera-

tions, crel. But A5 n whale the meihad can be cons:dered of £ high

AC LTRSS

BRLIY A

wrraphic representation

Through the tse of a minf.computer (AAIP-3520) eguipped with a
clotier, we Rave represected e 22 mo.dooasrd cooughs considered
inthe manviaciering coordinaies representation (fig 20, in the wor-
Ring coardinates repregertation (fio, 37 and in perspeqtive (fig, =),
Zecause of the lack of space we give nere only a moldboard shape
as an example. To change from the rmarclacuring, o whe s0il or
warking coordingres woe kave had 1o rotate 1he suriace an argle §

ground the v axis and an angle B arocnd he ¥ awis so tha: the edge
Torms ke verticzl wall of the furrow.
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iz. T - AnpaTEiii to
measzere the coordingies
21 e moudboard shapes
roenordinargnietanr

Fig. 2 -« Fepresegriaiion
ol the manulactering coor
dina~es of & aneldhoard
shape.

Fiz. 3 - Bopregsemation
of 1me game rooldtand
snaFe ‘n the soilocoordi-
nalos,

Fiz. 4 - FParsvective of
the garme moLdbodrd shape,
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sCcll, Ionirol o W ani Zfizzeszzs

rElgat dnle the inies and the

Fround can Go matheras feom e eagsylte 2F sosoze

tillzge systers cewrdied zut during 359573 {Zelhewrun:

Van Juweriern, 12781,

TILLAGE BIELENS

wmogereril, eny tillar sovghling, Fos o»n oIssning orfsss
o BSll o guristurs g le ““‘ﬂ*“',:g eIfayT. Avloriing

I oThe Sprant oo owhiam LTU o LnUSYTITLLED ard car-—
Teotinmg effacis are zle : ur TorenT Liilagl rroToz:opan o
flgringaisned {1a3le Tl

I ooy seasloiowel sysTeT tne 53l ls Lozsemed Jeogzplic and lntomslive-
1 cachm yesr oy plocgting, Eowawel, L4 =pwing The soll iz lgually
conpaeted to tho extIns tkat ckhe loosEnming efTesT im oowrplotelr sul-
R
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Sarle 1. Tillaps rynrecs.

LoGEsnyn LompRating Tpew=iratico

e fmats Sl 5

+ - tomromgsll o quytoedloy
- * meaiitional tiinage
- - raticanl ZIllupe

- + cerc-tiilegs

by maximiriog whe Locssning =ffecy &nd oy minimizing coopectica
through raliznesiszntion of wwaffiz, irvescecssive of cogis.

In 1is il sente zepo-2ilicge beans what aty tilliage whedsgever

[ sepdbel preperation imcluded) is omitied (Bekermean and De Wik,
1975). Jowewer, for potatoss ohis IS lnpractical, &s pecharical
lifving L5 ioposeible withaoub proper ridges. Therefore, oy way af
copcesslon, a seedbed 13 —ade by Toll-wiEin FOLAVRLIDE O 0 CEPTR
of T om. 20 thlzs systes <oopxetion ol whe 2011 sredogzinases,. AS 2
ZOCEIZUCOSS soll simuctuTe s99n becorcy hOmdgssedus, deosc apd sard
{Van Cuwcrierk snd Bocome, 1973; =eple 2).

-

Tac_c a- ZEF "wessanac” D1553-1970) - Feoo spans

-

' .
a3, wfel, avernged ove . wenps and IO rSES-

Znpzh Tillege SyiTes

troditienal s suTizoal
e=T e -5.5 wB.o
T2-1T7 aELT w2 LTk
sE-pn wbi, 3 T S

Batfonzi tillzge is distinet from the otber Lhree sysie=s in shak it
aizs 2% Insressipg iihe efficiency of soil tillsge im a teconologlicel
and sondzical zerse 4o —maximize =en profit, amersged oTer the dura-
tigm af the coop rotasior. TeeraTore, Trecueasy, &=psn and intensisy
ol 531l lodzening are made to correspant to tke specific décpands af
the individual erops Ze tke rotation wlth respect to soil structurs
acd weeds. Ik wractice thiz =imply means that tillage iz its broader
gerge ri1.8, inplndi-g trasfic ower tie fi=ld} iz restricted to &
raticnal or a peascnable sxtept. Thls may ke a redustisa to cought
V45 for gerea’z;, but etEo ploughivg to 25 cm (22 for sugar teet).
It Is sell=evijent that oee tries to sefeguard the looseplzg effect
a5 mueh 88 pozsible by raticma~izaticm of traffic [combined culti-—
vatipns, wide implements atc.).

Sur Sives experimens (ZWZY 73100 wes conducted durizg 1GA5-1571 ir a
faiviy wids, fiwve-yeoar rotatior, vig,.,aifalfs or ryegrass — suger
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Teet — Winner Wiedlh + FYeSUESS — DOTELI2S — DAPLEY I DAL R orye-
Erass. Iz thiz experioent rablonal Llliee wab sonnersd witn tradl-
ticrel =illzpe awfé raroetillope [<zhlse 23, The esperizecl wihe Ziiu
auT 98 & Zigat oelay 3ail (379 clay; 3.0% ol

In 1571 & new ﬂrpﬁ“lmfﬁ+ Py 307 wan stoarTed on o« neavy 1oae =
(275 elur; £.%5 o.o. ;. Fers ratimel Tilloge L2 Weing compersd wi
locse—soil mustand=r and zeroc-<illsge 1n an aiza 1
YCEr rotetion, VIE., SUGAr best - Larley + meegtiss — DoLeties — o -
tor ¥oodT + IERrAss. fadf esuenhisl Tertaraes of Lo Lhvae sratars

amc shown in tatle 2,
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Loage-noll srster.

Differenses: iz total pore SL&CS DoTWS3r 23ETacs O f_osia—gol!
el oand O (rationel tillepgel wera orly elighn arothe 227 o o
2 odepin of 12-"T om oo was erqla tooor 2olgLTly behner :n-: Toioftr
sendiped preparacion) i &odentih ol 22=27 @ A cearly

-2rger pore space chan O . Truc: of warking depth., Viin fero-tIZI. -
Ceyrzzew. 3] 532 stmactuwe wes much worse: as n 3 '
arprsachsd the zaxizm depslity for thiz soil
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Aery Toace Fa-¢ spate FIrd wfdie

) T e 1. =t
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- Z7zm 2T, 22= 27Cm
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wWrONT W™ Ok un, /7 R 197 BE 195 1877 Yz 1573 @7e 1995
Fig.l. EFF "wWeszmsea" [19T1-15TS) - Fore space, averaged Over 4 crops.
& 5 hoose=3ail Musbaciyyy B o= zero-tillage; © = ratlonsl SLllzge.

It is striki=zg that, io all systeoms, pore space decreased ie the course
of time acd cveo ic Eystcms A and 7 fell kelgw the critical Zevel for
sfis =cil fpurt space 43% v/fvy air cootent sz pF 2.0 Zbous 108, wivw).
HoweveT, “his 4rcad w68 due ooinly to the affect of Dad weatber coodi-
+tipns during antuon snd winter 15740765, Thask%s —o the subzequent

fine, dry su—=sT, distizot sigss of regovery coold alpesdy be rgted in
the suoen of 99TI.

ATaresgeld oyer toc years bhere wers on slgnlflcart fiffgrencas in yield
level between sysiems 4 4pd © for the erons studied.

Witk zero—tillage, the 3ield level pas elearls lawer, e&pecial*" i A4
TOOT SPSDE. Experi:e:tal evidence suggezts tkat actual di¥fereooes
betwesn systers A and O were due nelely to Safferezses 1o quality ol the
ceadbed or in amouat a=d ageregste diamster of thke loose so1l 1- taes
pomase ridges. With respect to zero—tillage it cun be Shated thabh oega-
wive elfectz ol Faar soi)l stpucturs predominated. These regative effecis
=y ‘ne “D:pﬂn;ah_‘, zt leuwst parily, By prepiring & good sesdbed a=a oy
ineropced N1Lrogeh APCESLOES .

Te woat extent these results will ooeld fop extramely sarrow rotatioss iz
aeing studied in aew Field trials. Frelimizary results i-ndieste that
further intensification ol the crop rotation and = kigrer oet raturn
ape paszitle ooly if Labpur-saviog altersatives for ploughi-ng and other
impartant perta of the tillage system are iatroduced.

sLTERWATIVGG PR FLOUGETHG AT RATTONAL  TILLAGE

Elterzatives for plosghing denend oo ¢rom potation, 20il type, awd
clizate. Moreowser, i oy opiaziok, the alternstives should contri-

outc 85 muck 3z possidle o the nét profit from the farm for tie dura-
tiom o the crop rotatioz.

The cast precising slloersative Pfor ploughisg found s far is the modérs
rigidetimed zultivatoy ar chizel piough which profuce abocut the samc
irterzity of loozerirg as thke moldboard plougk. Eowever, depezélog ok
the way of 501l breaks up Tetween the tioes, the effactivae average
workieg deptk of B8 culsivator 15 e to 3 ex snelicwer then the Jopth
of the tlires. Therefors, below 20 om Aepkh ore -as to reckas with &
denser =cll than wit:i ploughing. Jence, 1% 1s not advissble o con-
tirue clltivering to this Zapth for =eoy yesvs. As 2 suloivatar daoes
Azt lowvert the soll, green erops canmob been turred usder nreoperly.
Trerefore, they kave to e Rilled chemically. Whea tiey Bave aredooed
ook bulk, & shallow pre-treatoent ©ith & rll-width retovator bes te
be adied. AS tacsc are sostiy, time conguping mesauyes. ploughicg is

29:4



referred in this case. For tho same redssn FAe gpiding Tachizne 15 now
¢b5¢1ﬁ:e 17 Helishd. The mop-Invertlns zohlen of *he sultivator faz

o hip sdvantugs thet potatzes lost et kharvest 5vay 1o otk '555”‘1~
¥neme wacy bawve the best charce of teleg frost-xlTled Tlummes. 7L
Aowever, nos InTerting the 521l mpratsd alsc that sugar Test topu ool
iegves a5 w2l a3 rrhizometous weoeds £G4y GUAr Rhe Swriecd. Dsnoe,

wr oo Ws cerse.s mad suga“ tees, serdocd proparation, 3ar$i*g =1
At mprmaEnlogl weed oopatron, Lo isdismersatle. Alsa later, Sntensive
wesd coopirsi bas to o comtinced.

gensrally., there ase =o otjectiorms S mepiicisg plougsing oy culti-
valilE. ﬂmuefer, in some cases & part of Lias :2rgesililage syrstes Coy
servie mS oan ewsernebive. Tor fnstamee, iz the sarrow grgs woTatlon

BUEAT LoRT = wiptse wheas + rysgrezs - poTatows, deenly L¢¢$éﬂ1:5

o the =31l Duy B3 B2 Recessary For wintar whesht. When oROEELVE
ritting Dasx oot coourred the wheas ¢am e Erilled =azily Wil & t-oitle
dizc pechice. Cthers pﬂsﬁl“lll 1% a8 anin |
cestlizng the seed a=d vnrslnb LE umger witi
ATter potatoes, Nowever, 1% 1u ZCperabive I
to rix The fina 501l createod ab DarTosid Wih s F“Ee woteri
termeata to re-establish conbtact wLLWE TRE susgail and wo oo
5LorEge capasity Jor water. Ghiz Ly acuoeoplishad Lt one pass vl
lgid-tiped sultivator, prn$iici & %o M) FEF oper Ting g sveil:zb
ter wimter wheat ploaghing iz preferrcd, as ouilined oolfora.
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Alonp tocse Lices soberoativzs I
resed 1oio a system of raticoac
vields ave righitly Zooked uoon &%
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nd
.

wloughing oy e foumd And lncoruo=
lage. Wiile zoft dzr oring “hat &
ne basis aor 2 hlgh eet profit

iz 8 matter of weiphing costs and returns to degerzine —o what ox
the specific demands of crops with respect fo Fall ftyagters anid

werads may bha mat,
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AESTZACT
general p-eperties of oulti-powersd tools axg discdszed o0 =2 Daslic
of rotaficn, esrilladica and tracslation.
Spogific work of & roksgy tiller ig Jetermined (indoor) in pizy and
Son4.
Fipld maagsuromonts With =ma=zi=ae and soll dara ape ci-mes 2or Doteh
machinas like fhe Totary Cloger, the Iurpywatos and the tinse=equizzos
cartines for seedoefooeparaticon-

Molti—powere Spil Lillege tuplements Looes
the Hatherlands, EEEECiallJ on mIli 2af clasr d
probierss [Irom appr. 20% <louw)-
Biug ¢n s=es2 soils, oo Sagssr is Ioeced, to graw robboroos Lnoa
marse= Totatieon ao-adsyS. The hIch value potats-oxoo for Instance,
deaznds a well crurbhled planthes, o favwoor o oroassaroes growth ond oo
£ul]l rechaaicel harrtescs ol The rLagub.
Sugastesats on their turo so2d a rather finc and Y4t seadszd, o
oravide & goos germinarion, Sarve and oscvesh. deaoy Llhv:Lh“J ==
arfgaie Tagd, 1s paly wel] fuited for cereals and sopo, whish soon hes
o B Sown o weTy ouick afnor whpet-ka-u2sin In Avdast. IR oty ghis
circusstiances —ulti-powered izslerents, <20 perform o goad il
Within a short period and ‘““T oftrn cndé operatfen wiil Da zofiiciane,

I'}
50

Draws imalesancs move st-aichs [orrzsd ooly, Thus, The Rilin —a wscy
dependand on che initial H2dil cepilicics and can be ellected onls Lo

tractor n;upd

The ooorgy ttansoission Dy wnoels will cocss Sbrssture dazi-a
{cccpﬂutLar cct 1.

Fotating and oscillatisng tocls, a5 oxacples of melii-poswersd 1=olacancs
are pralercad sorxariogy, En shite &0 Erelr more oocoplex mechanicm.
Draft ig redeiced o repleced by sotabinmg enargy which s Frargpicrpd?
by ow.t.a, very &Eficiént.

This roTationsunersoeed on Scevard spzed, offers Seny dowmsini lities
for =cil mamipalatior,

PATH OF HOTTCH

In £ig, 1 #he deifferpnt applied peigecisles afl evoetatieon, oscillatizon ond
tranzlatiaa are presecnted.

RBotation ang translations: aze poawered with ocnsbant zpeed [(Reedeesiag
cycloids rosp. Siomonsg potterny wWhile oscillarcion IE ogenessnel oo ot

EAmE WAy a5 the Well koows cuhifr Bar, pEedising Ain 5

Toe tillas= ntensity gensrzlly iz influenced by Yhe hiceloogon B
forward ooed
nun-er oI toalsfsac

Tines oz well sulted feow transport and polverizaticn of Daxo,weriist

il (zitusticn in sgringrime), while blades and xeliss mac oqi cabler

wet soils and platerasideps [Graceioes coscly afker hoarvass),

ard the tool zpood,
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Al rotetion . b omgiddaticon - g} trpanslation

Fig. 1 Path of moticon for different principles (forwerd spooed | wfssc)

-ﬁ
""“".

W, ;ff;ﬂ' I
- !
&} rotary diggex ot rotary tiller c}. "huryvaboz”

"Fiop, 2 Three princicles of wertical rotation.

PERLECATION OF VEIRETICOAYL ROTATION T

Verticel potating touls act wahh afr fpen furrgw; thes the whole 5n;1
EosE A% transparted.

Clods and plant pesidees will meet with tosl f¢:¢¢ From tep and with
cfpenkéer orpssere Sroa bottom, hetween which this materials will be
cut £oWT S0h.

The generated soil flow can ke raniomlared MW auxiliary parts in Sa-
Ralf of cre=yling, loveling, ridging, mixiag, segregation acot.

Inm fic. ¥, tne principle of three machines is presontod:

a) bites turred ox pushed dowa inks the furraw {rotary diggar)

Bl bites bumied pgaipst caver, Slap or zZidging body {retary tiller)

r) bites growed through the grid fboryvator)

- SOYLBTY HIASUBSHENTS

Tne torgus reculrpaepnt of the rotayy Eiller with bBla3gs fas  bosn
getermingd in clay and sond {dacems 1976).

10:2
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Tig. § FERelamion bRedtwesn speckfis wors (he) pod Blete dpeed 5 (T.5.0 380
for differeatr Bhbes [(Bhlor glay [Y¥) 422 zand (E) at p Sepdh of 1 o=,

hocosding o the Loomelas (fig. 3b, the speelfisc work increcases cuhlc
with cireunferential speed and doorvescys lineas with hitelaagre and
for=azd spoud.

The rotary willer ¢nables o put in 8 1ot o epeIgy Lntg T SOll, uSed
for cutting, acceleration ect.

In the field, the resistacece of agricultural sedils will Lie L betwezn
ENis cohegive aoad (rictistal indocr-soil, ang Ghé Fame meds. whll Dold
in princiole.

FIELD M=ASUPSMENTS

I} Betasy Sigge= (Fig. da)

Feasuremtats have Bees sppried ot with two types of Dotany fhgoers,
pusning, resp. tiooing the aites froo ehe blede.

The bitelecgth has to exceed the dopts (ogpr. 23 o] 2o get encugs
cleavance, '

AL A srosh pasecity of O 0 haskour, the energy oconsuozbicn ¢fF Leth
pachin®: [width opor. 2 =F will aesant o agze. &0 Eo oo doy and w2t
silt soil. Tn clay seill S0-34 Hp 23 neadsd, es9ec0idlly on wel SOLA.
Pue to sticky problems, a more difficult recoves cf tho bites s found
ty pushing, co=ra-ed with tipping.

Ploughing imnskead of Zigaing needs alcost half of She aSoes motionaed
energy, byt vne whoelopowar iz transmitisd with ooletivelyr low
efficiongy.

2] Bamyvator {fig. 2ot

The Duncrator has Lo ooftrate with & chinimes Sieflength, Aacoozi

the interzpaca of the grid {5 er), Lo enahle the =cgregaticn o©

The power reguirencns of =his machine (wiétk .50 o, depth 1S

rather hicgh <o the conpached torf esgorially on heawy silit and 3
g

suificient.



3} Machines far seedcedproparation

In spring 1975 powered ipplements bawve bean testoed with the spring

tine culbivater a8 control. General machine- and soildata (4 repetitiong)
are summarised in takle 1. '

Caultivator: tobal power is deliversd by the deawibar and aeounts to

appr. BICT N, Specific work and craabling rEfact rre 1o, Clazaifisarion
ir his way {eleds <20 zo} is sasy to dotermine and S0 evalware

[earsave Wit Steinp%amnf, 1974).

Bsoilliabing hareew: without gearkox, Ehe technical tinespeed oin
hardlv be adjuesied.

The balldozing effect during shallew work is favroured Py a blade, o
leva) rhe =ail in front of the manpine. The draft iz rather high
(Aapps. T332 W) ard the sanggeszble specific work remadns lew.

Toe rooui-red Borgue rosaisg the sgme, tndependent from Forward spesd.
Thus, & p.t.0. power fecrocases with idcressing farward specd.

Horirontal harrocw: staticnary, the tines cescride <ircular touching
orints. 2t low r.p. o the machine locks like the éseillating harrow
more of ltss; &t higher r.p.s the performance achieves those of Ehe
rotary tiller.

Rotary tiller: the vertical moving tiaes will mex dry top 3oil with
relatively wet subsoil. By means of the kig diameter, ridging is
Fossiplie later oo, )

Very high specific work is manaceshle and gives agressive acrtion.
Caurtion in handling is desires, '

= o H Falth .ok | fpounre { rao. F.L.a. | SHee, Céudshl.nr TageCaTy -"ﬁ._.., o T
ad [T T R W por | Mok by | afnc ¥ ez e
[ 11T Lirm Foo'pep | Capwncaal Ly of Pk’ T ) Il. L 1.—_“1..' | RFLITTS
Jemd gk ez Lt 4Ll i
O s
boml v wor siralps| LIZE [ 5. 1-2.0 - a [T =Ty [ ] [ 2 = Ly T T
. t - i
H - el
t_;l-u-'.-.- = EIW T T M TS T S I = % pa B e
: 1
[eowln-m—al har, da b = T T | s RO T,
P I T-WE o= o L L ‘l
H
ATy . = LB | 0L, R | R h-kl e i ' 117 D RALLLE , Pmbeher
uliar gty el ) o
) o

Tahia 1 Cedeial machlar and wcfl deta of diT2egeke Smpiazeks Celbth ap. 1w depth wppc. A oal
4h warioos sfjolTdare, g4 o iE 3all Cappr. M IS,

506



COHCTAFSTON

The dofenite machine selection has to e made, dependent on so0il type
and crop zobstion,

In RMatch aresanle farming, ona may axpect =ope shd SDIe powered
fmylemanis, the more s as cbstacle problem generally do nob ooy,
Shmale cechanicle principles (f_L, cetaki-on] are prefersred abowe
vibraticn and translatisn fram point of vicyw af weaz and tear,

The sachines oifer possibilities for soecsizl sitwatiaons (time cissing
for tiliage sequencel} and for “heavy duty” Jcks like soil sterilisartion.
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"The 7o coenferance of the Intepratlonal 301l Tiliage
Crgeznisaiiorn, Sweden, 1976

Extensive ceregl produatioa in minimuem S3illage g5 mluer-

native form Jor landecape Shoping

Marfred Prabst
iIniversitat Hehenheir {LI)

Avstractss

Zecanse of wmany *easons forder arable legad 1iss fallow =
a.most pxelisively Iin nice landegafezwith poor azxwicul -
Tural mrodustion eonditlions,

[natead of uming shavning Qsathcods that ¢ost money, our
idea 15,10 pracsise av arable mathoed olfering & cultiva-
ted 2nd sheped open iarcdscaPe with changing aspects during
the year, Qur reszualts show that it is possible o get &
gufficient grain ¥yield wrlle p“cducinﬁ exteﬁalvel., that
is zo plougaieg, no straw karvaey, low winerai fergiliper
lavel, na ar arly & few =praying and uaing Euntaole cerezl
{*ve, hzrley, %a%3) 2ad zreen orcps | leguoes,Tape).
Relerences:

. Ardrese,E.; Extensivnutzung ven GriclacdflEchen. Tanere
Eslopisation 27, 29=4%, 1975

¢. Bilatein,T.: Der "Spritzmeier” kKomomt = Drei unterschied
lighe Anbaumiiglichkeizen vom Winterweizen
Deutsche Landw, Fresse Kr. "2, d=9, 1977

3. Dupber,E.=J.:Untersushungen iber dewn Dodenafntrag an?t
Tonmergel=-und Eaxiksteinverwititerungsbhiden der Schwi-
biscken Alb und iZres Vorlandes,
2.f, Fultarzechnik vrd Flurhereipiguag 9, 895-1071, 19

d, Gesslein,3.; Lapdwirtschzft und Larndsshaftsci.ege Lo
Sthweden, AVi-Jahrestizsuns, "Landwirsaznafi; und Jawali—
sigierang™, 3Ih. Hr.4#, 12D, 1971

H. Xahat,:. upd Lacdschaftsnutzung- die beste igndscha’fss-

Frohst,0M.: pllege. Kitsailurmegen der DLE, 47,1160-
1144, 1973
6. Frobat,d.: Sztemrsiver Hornerfruckitpsu und Misnimslocden-

ﬂearb31tuug-ﬂﬂg11ch{Eltﬂn giner lendzshalftspfleze
durch Tendschaftasnuteurg. Jissertation Hohantheim 1474
Ta Frovgt,rt.: Boden- und Winerzlssol{fabireg vern gepfliigier
nd in Direktdaat besteliter Asderfldcher- Fogrichiei-
ten eliner Gewdsserentlastung, Dissertavion Hohennelnm
1275
8. 3%sinmnsuser,H,: pandschaf spflegﬂ durch extensive Por-
men der Landbewirtscsaitung, &, landes-Fulturtzgsuing
der DLG- Erhalwumg tnd Gestaitung der gadscbafs - eing
3&1tgemahe aafgabe der Landwirtschaf=7-25,./786.0.1573%
~O WUrzburg

-0 netural lardsgapes cthere 1s no neec 0T S0Y SA2Filg
134 aspect.Juestions of leadscaps skaring becoome actuzal
whan gsrabls lawd ic rot eulcivzted any @OTE. n A Ger-
meny the amjount of foregr farc land lying fallow incre-
z2fed freom 2200000 hg in 1970 1o abcu* Z30.300ha inm 13T
And @ pedsimistic taxatism af this development prediects
far 1983 1= 1,8 Mic, 2a fzllew iazrd in ¥. Germany, (6]
Heasoas for ‘:15 zre known as
- the econcmical develsppent that offers a better incozs
in tzoe industTy fthzn on farms
- unedial Structure of fa»p lam



— pocr guality oI tne factors soii, wasary iznd inclina-
Tiom 2.5.0.

similar developmen® 2izo tiied dlace in sther surn-

» aountries [(A). Thaash felicgw lznd zlsg shows sdoe -

atzzes, 1t iz genera’ly refused teoeczuse of reasoas

b omia o
b Lt B ]

e

s davelopmens directiy leais fto some fore of wood
tnat in Dany regisns is sufficient (> T0%) and a recus-
tivasion than will become Jifficuxt,

- tne unshaped aspacy L& et lixed and rfas 2 negasive in-
fluence on wourdst trarfic.

28 ugss 2f the fallow zand was fermsr sranle l=aé, aad

different tyvpes of an extergive land Afe are net prolis-

able and eaunss gosts (1) we vwose for an extensive apri-

cul-ural wetiod censisting Iwn:

1, Tereal crcp=-rotaticns | sarley, ocats, T¥e, with znd
witbou% cultivaticn every ¥ezr

. Minipum cultivation witn a2 rotasseier, iZet iE direct-
drilling 2nd tilliag +ke soil shailow but totally

3. Mo stunble cultivation, straw Teasins evenly distri-
puted on Tthe lzad

4. TitrTogen level is low tut sufficieat, U-80 kg /ha de-
perding frox the kind and tko chance ¢F estzioliskhiag
a'@reen ¢ron’

9. 77 (Hegl/Cald) fersildizer applicatioz to a cereal crop

is relatively low (40,0 zz/ha KEGHPEGE} according to

A
=
)
P
t

tke minersl bilauce,
£, Wnile uging ocmpetitive cereal erors, spraying is con-
fined top shepoxvy-herbicides {ix}
fo Zependizg frowm agrisultural mantower gvallab_e, &
"green Fallow" of!{G6%) 503,30,25,0% in the xmesmticn Is
rianned.
Sespuse of tie extensivity, thoe Gzersziing coste af Frein
preducticn tecome evidently lower, and we 0aly need &n
average o low grals Field of 20-a0 A+ /he %c meest roe
gesta (89) insitead of risking & maxiEun yiedd woile using
a »igh level of intesnsity. A sizilar calculztion concern-
log woeat produsticn (£} supports our thesis,Zeyoud that,
Tais culvivetlior sesnol prozises 2 very faw onavse of
evironment by ercsicn from sloped arable land (7).
Scme ¥yeEarz mgb one dedended anglue-native forx of land
use Ior the "Schwibisehe A10", providizg erssion control
Life Dastures and sEvelding tae ooueisencus aspact of then
"1, A% fallcw land of4en ccours on seils with evident
defiziercies of Zimiting $0il managecents &nd Ligh yields,
F different field tests were carried Suw on & trpigal -
poer 3itas of araole land {6).

| noia o witl o AT MITeLr o L R 1

tase 3¢ lifZruTondalk |
N P -z |
| 1.0 I

-
. e
N b
. .

st

fcat | SIS

-

TR

31:2



WLT JUestion:t were:

1. Whish grain ¥ield i3 possibtle under these prodaction

eonditicns on different poor aisgs to doglide, whetngr

pre o the other cxtensive Zorz: of grziv Sroductios

iz profitable or now? )

Qar T2]llaw in the rezazien [ ola trrep-fZeld-sya-en)

ingrease Ytrhe grain yiaeldsT

T it wertn wkile estanhlisring & gresen-grop = and

whieh ove = in the tizme betwesnm a2 wintsr snd sumier

parpal ¢rop or ik the fallow yveprs?

» Does this culvivation meiiod WithouT the plougrh suf-

FioZenztly fighs 2 weed infaszazion ([grassi?

5. “has zoout she traversibiliiy of ikese Ilelds(for

TeEcTEASi0n uses’ in the 3ioe betwesn hervest and seec”
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The &0 xpg/hna W-lavel e=ly ligutely effecis the corn rield
of rye positively in 197L. The &0 Lgiky Oelevel ever
lowers tre Zrain Field cof karley. The reason o IT 15 Wi
krown, Ime f2llow yezr withouil grearn orops, LUl weed iv-
fescatinn wisih inistles (1273, ircreated tke zralzxn riegld
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On =nls site a relatively »igz anivrogen level increased
e grain yields of oats and rye in eacil variaxzt,

igrer graln ylelds were ootained while culuivating she
lerd every year after the plough instead of the rotary
woe. Tke reaseon of thi$ cEn e seen in the f=ct, that on
I deer grazed the Trape gresn—corot totally [shis was
anzuy 3 di dry matter nal in mutums 1973, Ancther feeot
was grass infeszation. It seemd 0 bhecdme & problaen
(Apares spira ventil, ifgrozzis s53p. )

“nis is why we wvwote for plouzaing every two wezrs ob thkis
Fite When a grean=cTrop Faiis. Fitiing in 2 fallow year,
itz effect on ths grairn yield of wicter rye wes post evi-
dent ueing the "Trifoliun rejens greez=crop' instead cof
none, The high yigld after a green failow with Trifolium
epens and tre T 2zfaa -level car wevew 09 the long pun-
#we giore prafitanle than pioughing every year, Hecalse of
the possibility of 2 gress-irfesiziion during a fallow
¥egpr, wnoe H-2rd hunus groumsLaticor, one Srnodld oot miss
che suitanle white cléver caichecrap apn tnis =f4e.,~The
recultivaticn of zn-over tenm years ald fallow (V) - using
the rotaseeder and 70 kr /a3 showed a sursrising yiels
of cats [29 difha, in 1974,

in this firast year after a long failow period toe ficld
was clepn from grzos-weed znd cats srowed a wery kKealsay
aspezt bt tie Tiliering was Low, Vhe following grain crop
in tnis variant {xye 197%) had 2 low yieid, mpgy o be -
zavse &f the Increasing grags=-ivnfestatich, H=immopilisg-
Tien By sirawieats) and no FAK ferzilisation,

Thh . Grein pxida ae Ec:ley 2t'kgl drpradog ™ icn 0 Mool gloonidfodd

safhg  dvringad-yeoe failtw and tee Stemqlt o euln s intzeaige
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A wwo-vear fzllow wizh differens green-cTofs soowed
istinet effeets on he grein ¥leids c2 berlexy, The .-
teﬁ31ve treatment showed ~almost #ith Re exosptlcon -
higher yiplda. Best reszullts we ot after Yedloagc Lul -
linz, Very gimilaer resuwlis were ottalizned with “ridel:ios
repens, rape Spes. ang Ioliur salsiflerun. Zerdc S0
Lattyrus sativus sre fovalld besause of there cespls
infestetion Ly ATriplex pasulia.
SummErising we can stzte, that the zator-gzods wizha = ornad
rrowth and coxzetiticr ir the socend yemr snawed _owess
visids [(rallow, Ffhareliz, fkels- “ape? ETC & DRB0ORS-
r"h

=
-

il

Lerkicide spreying iere had gness and signilicent ==
feats, In oaach cass trhe grain yieids a¥tsr a2 gRTinenro:
exzesd thnesa afser & gere fallow wiithn i%s higoner wesd Zvi=-

Teastatic:s.

The guestion oi the meed ¢f an aliernating slougrhing,

while predominasntly uging a rotaseeder for soil villzge

ang€ seeding in tris form cf an extensive carsal prodagsics

seels 1o ne LEpEnNcing an

- the typs of weed infestation

-~ the aoxrsiition effecs o8 trne caXes_ Thoo

- the aprlisztion of 2 coocpetitive caten-gxop in tre
“"fallow year™

4 Ter xkoewn, trere 15 no need Fnrtlaugaiqr aila g

winter—-rape Finds =5 2 Very COTDeEWITLIVE cauct—:rﬁp ooz

one year fallew or clover kinds on a Two-year I1s5ti

Svern noe Spraving 15 aeeded in the first aaitiveZicn yresr

after ar &4 fallicw orn The ssniy siie.

i1t is evident toat the straw Iualcon alter tie narvest Li-
rroves e traversibili-y of Figlész. With tals readelt,
2 Tere strszw rulck withnur a2 green-crop inm Sie tifts alier

AJarvest snd Sevwor sesd seers 1o be GetTor.

S0 far pur exyerisvficss with a new method of Landsca

shaping. This wss on.y ,"ac*iﬂanle tecanse ol Toe T

teonnology of direst—drilling witn A rozaseeder. A o WRe
a

I|.‘| '

L]

Erair yLulas zenieved in our fiele tests, we caxn
swat tkere are possitilizies o mEet ins cosis Oof
goape = SrAaping in Tris Aary.
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Thie Tih Conderemeg of the mtemaionndl Soil Tillage Hescarcoh
Gromnisation, Sweder, 1976

DANLEN EXPERIMESTS O SO QIPAsrYons

Earl J. Rasmsscen )
Statens Forsepsstation, TR 5220 Hojer, Denmark

AZETRACT
Soil coropetion by Ttredfic in sprivng has reduced the pore space

and e air conbost e the upper S-lo om. The reducztions are
greatest of Cor the Farst o over and afffer compaction uwnder wet

ciElicaiams. .
A spepilic vortical prassure » o7 Eofem” nas in memy cased
raducead the Aawe content to lasser than “eo wvolume per cent. e

COHpact Lo cAauSeE & reduction in the part of larme voTes oo L.rl]
ard the Iadradlic coreluetir-ity decrsases. Invensive traffbhic on
wet 508l has givel considerable smailer lewds of grain. «horeas
moderats Lraffic widsyr idea? and div condicions hasn’t deme any
dayge . Inm certain ciyeumstancas wder dry conditions il conSae-
tim has even fesn weefsl.

The oprimn oore Space o the saody loam seil is 4194 woalepse
poer cent arned o the silty loam soil Se—34 velume 7er ownl. widle
ihe oftimun air contont in both of the folils 1s 11-15 volume Der
crnt.

SOTLTYRES AT EXERTESTE

Exvperivornts wAith soil compaction sefore sovine af barciey in spring
were cartied out dn the vears 10701974 m sandy 5011 at Jandevad,
o zandy leoam at Rrmhase and o siliy logo afb isier. The oexidirs
of the zoils iz shew—m in table 1,

Tabln 1 Juwalvsis of the tewture in 1T WPDET D=25 on, ToF cent

Hrmas Clay i1t o T [ L T Coaxyse sannd
0, 0a2 Pt - Na2=Z .0
[{F 1] OO LED <. CED B0 54l
Syndevrad 1.5 a z 1 Ty
Rarhsve Z.1 13 17 A 19
He lar 2al 15 15 To o

Tn the fislds the stils wWero coobncted with tractor vheels rester-
tively o, 1, @ a1d 4 times wvnder wet, ddeal aad der conditions.
Zxperiments with different specifie pressure zre caroied ol an
lvsimeters on the sate s0il fypes a5 in the fields. The E!'”“-':ifif-
prossupe has beon respectively o, w-'i, 2.7 2nd L.o spoors.

FCRE SFPACE, WATER AND AXs CONTESD

Figure 1 sheaws the content of pore, water ond air of the =117 loam
s0il irmediately afier vompaction ir spring. The tralfic oausces o
reductiom in the pore spaco ouf 23 contenc. The greatest cbosgios
woor after first mun over. The total pore smmoes fn the upher (G-
1o cr of the 50ils are shown 1 Eable 2. On the sandy mall e

pore space is redoced from 3L.4 volume per cent in the wmotnpactoed
5021 to 39.T ver conf aftor 4 compootionz, at the sandy Lows oo
2.3 to 35.% ter cent wul oo gilt loam from 53.0 tt!'__:lll-::-.-_,' e

P ettt A seechdic verdical pressurs of l.oo ko™ has amder wot
ard idesl conditivns reduced the wir comténl to lesser whan le wva-

-

upe por cend o e loanty sodls. o.7 kgdemm has dmiy inoa fowocn—



e reduced the air contont 0 lesser than lo volvme per cent

which i% regarded as the lowest ldwit for air content in these

Go0d]. TrpeEa

Figpure 1 Pore space, wabor and air cmtent in 6-lo om depth abter
establishment in =pratte. 561t Logaa,

more Shace by
vl per cond

'E": ] ——

4o ] :] &Ly

g, | At ar
a I

arly arry arg numbers «f compactim
wet ideat dr cond I omis

-

AETENTICH CLEVES AND PORE S5TEE DISTRESUTIONS

Tetentio cuprves from the field experiment on the sandy sodl and
fror the lysimeter experiment with siley loam are shewm in Tifure
2 and the pore size distributions arc shiwn in table 2.

Timoe 2 FRetention ouves for sandy soil [(Twutevad) and silty

Loam [Hejer)
PF .F'F
§a 22
o Syl evacd
T ho compactd on
50 - 't't‘- —1 compuction 3.
N 4 compactions
i-ﬂ - i.p- -
— T compgeti
la o J-—=o.4 kgf"nmz
-—-1.a L{;.fcmz
o T T r T =
@ Ao o @

vater by wolume per oot water v volume por cent

Cn the =zazndy =eil the part of large pores are reduced frop 37 4
rolume pex cent in mmeodmpacted seil to 21.7 volume jer cent after 4
compactimms. At the sapk: fime the pact of medium Topred are osressfed
from 9.9 to 13.0 volupe per cent which means that the water hausehold
is improved becauisc the partd of small pores axse almest ddentical. om
the Sandy loam the part of coarse pores ape decrsafed From L2.4 to
S.0% walume per cent and om the s5ilty leam from 14,0 o 3.2 volarme per

Cert .

22



Table 2 Pope £2ive distribution, per cenr by voliume

Peope sige, pm

lazme med Evm small Fore
Jayrcdewrad { &arnd ] o T Jp—o.2  fo.? relime
LRicentma s S e a7 .5 GG . 31.4%
1 compechio 2h.e 1z.3 LoB Nl.G
4 compactioms 21.7 13.o .o aa.T

Ranbawe [sandy loam}

Tt otpao. T o) 1.k 1%.o 1o 2 az.5
1 compaction 12.1 15.5 11.1 Li.7
L compactaons A.3 17.3 1z2.9 6.5
Hejer {£ilty loam)

vnoompac ted ih.5 9.7 a0 B83.0
1 compaction £ .o 3.3 lo.4 7.7
3 coopactions 3.0 l.o 1o.c 5.7

IATRAGLIC CORDUCTTIVITY FORE SATTEATES =CTT

Fydraulie emduoctivitr for saturated soil (k] is dependent on the
rart of larme pures as shown in fimme 3 vhers the results of meas—
wuring from the three s9ils are shown. Smail changes in the part of
larme pores mean great changes in e cwnguolivits.

Fipore 3 The relationg bedween the part of eoarse pores =zmd
edraulic cmductivity for zatumaced s9il

LT, mn per haonee

! pea
foo
o | 2 i
it === sand, r = '3-’3?_
’ voovn e wandy losm, ro= ':'-Tl-ﬁ*w
it - — —— silty loem, T = l:la.?ﬁ':':--11.
average, r = o B7FRY
r ' r
] -EI‘:-" E"-IJ‘

Dores » Jo o by woluame 21 cens
THE YIELIDS OF GRATY

The influences of the oibactics om the yieids of batiey are
snmn i tabde 3 which shows the averases o the vears. i oan
Ferage ohe compactisn hasnT Rean dnjurioces $a any of the soils.
Two comPustions Have reduced the vields on the loamvy soils wmdep
wet and ddeal comeditions and oo cobpacrtitms bEave reduced e
¥ields ot 8ll theee soil Hpves under wet and ideal ceonditions
wvhareas the iogpery under dry conditions was minimsl,

Tve compactions umder dry comditions oo the loawy soals fosve
beer uspfil. in years with mofuty srovEng seasens [May-Tiume)

i2:3



Trere ane Fomd considerably reductions in the vields af ey com—

ookl an .

Some weox=s with doy sumeer the vields are increased after com—
vaction. The relation: bDotweesn vields, [Hre space and aiy cantent

are shown i figmaoe b4.

Tabtle 3 Yields in Feg pradin per hectare (barley]

Comditions numbers of  Jindevad Formhavve Bojer
of wetness ocompactions wEmd sandy loam s5ilty loam
wet & 6.5 4.7 9.1
L 1.3 So.l 4o
o o6 43,3 45.5
4 s ) 45.5 38 .6
LED95 - 3.4 2.7
drw o B0t 0.0 4T oo
1l 3a.0 Sl.c 48 .0
2 :.1":"1-1 52‘3 54'9 r1'+
4 20,3 h4a.1 47 b
LE-'J:'E}EJ - 119 -
Fipere 4 Relation between ydeld, tore space and air cmbtentd
i arain per ha ke srain per ha
55 -551
Sz - [_—\ e o
Ir'r-_‘-'\. #.r“'.-'-_'_'-""'\.
|'r ;'
42 M5 f
L llr
r
Sandsr Ioam
L Yy | — = —=Ziley loap

4p

Je

Pore Space by wolums per cent

The optirum pore space i 41—+h volume per cent in the sandy leam
arwl S5o-34 wolume per cent in the silty loam. The optimmm air content
in both of the acils is 11-1% volume per cent.

It hasn't been possidle o recdard Some mwlatiand betwoon wielids,
Tore space and air cmbtent in the Sandy Soil Lecadse periods af
draugnt in the grewing Scasans ot years hatve limited the vields.

roFEREMCE:

Dasmrese, K.J. fle'}'E}

L T

ie 2
air cantent by valwme per cent

Sei} Compaction by trabfic in spring.

Camditimms of growin =nd yields
Set]l phorsicg]l messmirements
Tidsskr. for Planteawl {In press)
(Denish with Tng. =ubtitle}
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The Tth Sonference of the lolermational Sail Tillage Research
Cirganization, Swedat, 276

COMPACTION AMO ROCOT GROWTH 1M RELATION TO
CLUL TR ATION

P Scolt Russall and M J Goas

Agrickitural Resgarch Council Lelcombe Laboratory, ¥Warlags
o112 507, England

AQSTHACT

Simpldied methads of cullivation, especial ly direct drilling,
usuwally increase soil compaction,  An understand.ng of thee effects
of mechanical resistancs on root pergtration thus assists inoanter-
preling responses of crops to different systems of ol Tvation,

1f roctls experence exXiernal pressures greater 1bhan a szl

fractian of a bar their rate of extension is mech reduced and thete
branching carm also be modified., Adeguate soo growth thus

requires the presence of sufficisnt comlinlous pores which roots
can pengetrgte fregly ar expand while rosigsting only small oressures,

The greater compaction of uncizlurbed soil may not resul N4

corresponding redaction in these avernues Tor cool extension, D
relalionships can vary greatly depending on 61! and climate,

[Mtrodustien

Traditionalty the cultivation of 201l served tweo Main purposes, Lo
contrel weeds angd lo provide a suitable envirgnmant for the grewth
of plant roots,  These needs Fag been ~ecognised before the dawn
of the Christian eca and until recent decadas herse was [iithe
change in the basic methads used in Wesiarn aseiculture, namely
ploughing fallowad by secondary aperations o croeale a sced-Bed
Trese operations appeared 20 be sueh an essential part of geod
husbandry hai except im thase argas where elaZarats 11 laqae Gove
rite o problems, for cxampie because of soll eresich, there was
Little Thommtive to study LBe functions they served Thaes, 10 our
country the first detailed experiments gn the effects of cultivation
on crop growt® in the absence of weads did not commenca unt’l| the
19205 {sce Méern and Russeall, 19371 the sitogtion was broadly
similar s olher greas, | occasiehed mugh surprise whan those
invastigations showed that, im the absence of weeds, lhe distur-
bance of the =ail to the extent former v prachised was unnecessary.
Bu! this informaticn was of littke practical -mporiance; caitivalion
was essential for waad cantrol.

Mare resently the Jevelopment of herbicides caused 1he simatior to
change dramatically, " Much reduced cultivalian is now passible -
evoen diree! deilling [(zero cultivarien}) can be suceessiul o many,
thaugh: hot al!, ¢ircumstances, If full acvaniages is 10 be ga ned
from these new Gapporunilies, without undue risk, a much falier
urderstanding it required of hoew plant growth is aftfected by 1he
changes in =il physical canditions which ooour whe™ cul tivation



is suspended  OF these ane of ke most obvious, though not necesg-
sarily the most importact, is the greater compactiion of the soil,
Trhusz, in ke firg) part of this paper we consider some of 1he basic
cifects of compaciling the soil on root growth, Sub=equenTly we
refor (o these respanses m the braader context af ¢rop drowth wnder
Jifferent systermns of culiivation,

Compasticn and the paresity of tha soil

The presence of 3 sufficiert nurber of pores which drain fresfy
unger gravity, i. e, diameters gregter than @0=100 -m, is 5 prime
reqasiremnent equally for gratnage 0 wel conditions, for aerancn and
for root growth,  Some introductory commen: on the gffecis of com-
pasiion on pore space os therefore relevant,. There is no casier
way of regugcing the volume of sl ocoupied DY pocres, especially the
larger ocnes, than by compression - far example, by smewring sur—
Tages wilk implemotts or by the raflic of machinery o animal s,
especially whwen the mQisdes content 75 high,  The magoiade of
change which can ocgur s indicated by Schuurmarts (1965) obserp-
oo that when the bulk denany of sail sises feam 1.2 10 1.5 g cm™
1he soral volume of porcs geealcr than 1900 im decreases from 17, 4
o 1. 6% (Fig 11, But there i no simpie relationship belween the
pressure o which soii is subjected and the extent to which pore
space is agffecied. Soif lstrength!! is influenced botk by water con—
tent and by the stabil ity of he pores,

Bulk dertity £g cm™33
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Effect of compaciion on pore size distribution in a sand with
2.15% humus, [Derived from Schuurman, 1965)
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Compaction and rool 3eowih - oeechanocdl Dinpedance

The redaction ife 1he volume of the larger cores 0 soil, o wihich
compasticoh can lead, cabh affect Fool Jrowth in many wavws, O these
mechanical impadance 15 mainly considered here but il 13 Mporiant
to bear I mingd that if Sompacticn Mcreases the aerai.on of the 5060
may alsa be affected, Because oxygen diffuses in the gas shase
some 14, 000 1imes more rapidly tharm ir selution, the aerziiocn of ho
soul depends largely on an ackequate continaivy of gir-filled oares
and if :he rate al which ofwgen is used in respiration by roots and
micrp—groanisms s relatively high the concentranon of osygsn may
sametimes sink @ Zero anly 2 mm from air-iilled pores (Groeenwood,
1869),  Thus, becavse of the effecis on poce space ' Compact soils,
plamis growing in goi! May simuallangously oo expesed g anaegrobic
conditions and meckanical impadancse, Quaniiialive relationslkips
between mechanical forcsss and rogst grawth are thecafore soen mest
clearly in artificial svsiems where mechanical Torces, such ag ~ools
experichce if the soil can be sirulated But ather factars are main-
tained constartt.  The majority of {he resulis cow 1o be discassed
wese obifaired (1 this way,

The response of racts o mechanical stroess was Little studied untll
the last few decades despite thae fact that befare the end of the iast
century Pfeffer (1393] had shown that when rigidly cenfined |iving
rogts could exert considerable pressures, perkaps 10 bar. The
MINimam pressdees which Festrict reot peneration are of greater
relevanceg to crep growih and it was not until after 1930 thar Gill and
pailier {1956) made the Tirsy gquantitarive siudy of this questian,
Ancther impariant oSservation was made by Wéiersum {(19357); he
showed that rools are wnable to decrease it diamelar o pencirate
poares smaller than themselvas, 118 Now wei eslabklished that
rools have 1o resis! pressures of More thon a small fraction of o bar
to expand pores their rate of elongation may be caonsiderably re—
duced.  In Barley {Mordeum vulgarel the length of rogts is reguced
by a Iifth when 1the external pressure is oarmeiy halt an atmosphere
and pressores as low as 6 2 bar cah lead to considerable stunting
{Fig 2}, Allkougk intar=specitic differcnces oocour, ali eXparimen(s
in which the pressures which roots experience Bave been Jiresily
measured show a considerable reduciion in clengatien if the pres-
sure resisting penetration is 0, 5% bar or less, Srow:h can, howewsr
aroceed slowly against considerably higher pressures,

Thi Dranching patiern of roois s alse affected by exiernal gressute.
Laterals are closer ngethes ang their 1engih may be much increased
if 1he pores in the Focling mediygm permit tham, buz not a=es, 1o
peneirate freely, Somolifes I can lead to a roet system com-
sisting mainly of laterals boro on stunted axes [Fig 3). These roct
sy&stoms are very skhallow - the olal depth wilty cereals oeing lictie
more 1han 9 cm alter 3 weeks growib, Under Tield conditions sueh
roct syslems suffer chbvicus disadvar:tage throuah a resirizied
suppiy of water and fut-rents. Bl f they gre prolscted from

these =tresses the waiglt of the plant and the cptakoe of Noorienes
may nat be Impaired {Russell and Soss, 1974,

The meckanisrm which causes the axternsion of roots to be 50 much
affeeted by small pressures s not vet wnderstood bul it seerms 1-al
lrere may be 2ffecis on hormoergl control mackanisms inthe Frool
merisiem and on fine gsirecture [Bussel! and Goss, 1974),
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Eifect of applied prossure an the rate of elongation of
seminal axes of Bbar!iev [Hordeum '-.fuIEar"e',I, Flarits 7 davs
old grown in beds of Gallating of warying pore digmeter,

Irrespective, howewer, of the exact mechanism by which roaots
resgond r mechanical impedance, fhe conditions negessary for
e peneiration of the soil are abviows;, namcly the presence of
sufficient contimnuous pores which rools can pencirate frecly or
which ihey can expand while resisting anly vwery low pressures

Cuitivation and root peneiralior

The sensitivity of rocts to small mechanical faraes Might Suggest
that growth would wsuaily be much resiricied onless the seil had
been loosened by cullivalion, UWUndousiedly there are cifroum-
stances when the disidrbance of 1he s0il 15 essential, byt if can
glso creale resirictions o penciration by roois. 15 is insrpctive
irom this vigwpeint 1o consider why land marntained usdor perona—
rent grass for meny years may provide swperior conditions for
rgal growth thar after careful arable cultivation, The detailed
nadre of changes varies with many factors but some quite widely
app icable gener-alizations are possible, The stability of the pore
regime I8 Jypicaily sreaer under grassland, within 3 vear of
ploughisng it may decreass marked|y though the tatal organic



FIGURE 3

FRoot syvelern of barley plant 3 weeks ald grawn in rigid
pores 15 Lmoan diameter.  Axes bul net laterals were
impedad.  (Scale kar - 5 em)

matter in the sagil s little alered (Low ardd Stuart, 1974 Thas
seams ta be because =tability depends jgrgely on ~eiatively labile
Crgaltis malter prodosed By migro-organiSris From ool exedales or
dead rools; ke disturbance of 1Fe Soil can much hasten the broake-
dows of these progucis. Moreowver, crder permanent grascsland
channels |eft by burrowing organigrs, the decay of o/d roots are
preserved as well as pfanes of weakness caused by the shrinking
of the soil, They can be of major importance Seth for drainage and
rool penetration,

There is fow much evidence that soil which has been direci-driiled
for several vears can develop these characteristics (o sore £egras,
thus begceming intermediate beltowveen land urnder pecrtmanent arable
cultivation and permanent grassland {Baeumer and Bakermans,
1973), Consilerable increages in the earthwoerm population have
also been gbsarved [Bchwerdtle, 1962 Cannsel] and Ellis, 1976k
The extent to which these changes offsers the areater Sompac)ion

o7 the soi1l cuses by the abangonment of collivalisd San wary
depending ooth an soil twpe and weather, 10 unstazle soil the need
ior periodic decp cullivatioo may fnol be gliminagled i1 samme o mates,
But definite benefite can ocour in otFer circumstances, 00 scme
heawy clay sails the preservation of pianes of weaskress which
per-mib root petetration can e of considerablle irportance.



Koregvar, the abandonmen: of culbivation on such s2° -~ mav soma-
times have the addil,onal agvantage of eliminating the sk of
Serigus compachion when carried out ungder unfaveurable con-
diticns,

Einally, aitgnbon (5 dravwn o 196 oiavordakle |imitatiaons of all
simale physical Measurements of the charactecistics of the buik o
Tor predicting the response of rool Svsiems o meshamical siress,
especially im Goil5 with massive siractaral wnits,  Tayicrs et al
L1966] hawve a&tairned useful empiricai correlations between root
penetralion ane s&il resistance 0 PeEneiromelars in ungform soal,

1 soils with larse structural units there may be 1:2bie relationship,
ool penctrat.on fhen carn occur largely through ihe intervening
plares of weakness rather thar ‘hrocgh the bulk soil,

Curren! interest in simplifiegd methoes of cultivation is o stimMalus *G
se=king a fulier ungerstanding of ke response of rools o soil

phwysical cond tians, a sublesr which calls for the JoR endeavours
aof plan: prySiclogists ard Soil physicisis,
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Toe Tth Conference of the Internasticnal Scil Tillagze BRese=r:ch
Drzanization, Sweden, 1976

TilanlGE TERTCEMANIE AXD SGESLGH THEDRIE:S IF =0Ta%5Y TRIE-ELAZLDE

FCR REIEN BaRDDY RICE CPLIIVATISN

=y Jun Saxai
Leparizment of Agriculturel ¥ackirery, Jie UniversItsy
manihaza-cho, TSk Jity, Mie-wen, capan 51k

ABSTRACT

TE t1-4nge mechanisc <of Pﬂudt;ﬂg tine-klades Sriven by a tractar
hﬂu ErBATLY ansredsed 45 4 mdin tillage eguinmernt In the mechaniz=d
farsing of vaddy rice gultivaylon In Japan. Thene méshines apc <&l lod

Fatery Fawer Tiller” ard "Fotary Tractcr™.

In order o ninimize tillage resisience and meke them 9T To The
Ficod and svlitivation conditions of Asizn paddy wige Favming, uvnizusg
rotary tine-kilzdes ol rotary Tillers have been develooed,

Hﬂlr specifications and cimernsizsres for designing wotary tine-blades
ars cbt&;nec Throcgh theovetlcal calovlavions,

L. JACKZRSUND OF ROTARY TLILLATE FOR FADDY RIS ZULTIVATICH

Tre Tracter kas apoedpred elfter wiilizartion of acioel powers on the
farm. All kicds of field ecuipments for dra®t avi—als have beos
modified s¢ as to be pulled by “ractors. Scomg them, therp hawve heen
Some TOTating Tools Like <isk zlows and harrows, ete.  In asditicom,
the special mechanise of rotating tine-blades powered by the actor
angine has been developed in Eurﬁre.

westert. countries <onsist of =zinly fleld farmivg. Theor ssil
tildlaze is wsuelly perforced by slows, harrows, cultivaters and sc on
draftel Ly Lractors. Posered roteting mecha::am iz partly used.

fuien farming reglonz consist of mainly paddy rice coplyivation, and
thelr Beshanical tillsge has a different development pattern from
Western one. 1oe trecitionzl tillape Equ;?ncrrg oF dr'f: arirats kawvs
a tendenay to Le reclscec by the rotating mechanism driven by trachors,
DEPTIcuLarcy In krrlgatcd arca.

In Japan, 337,720 to 523 000 units of hapd Tragiers 20 prodaced
evony pedr. Abdat 4 hal® of these &zre the hand Tractors counled wizh
rotary tillers. Thess zre called "Rotary Powar Tillep'', Irn 127G
Japan procduced azout 238,030 enits of pifing iwecvons.  Abheut T3
Those trasters were caanled with rotarys tiliers 2 a4 s+anda=d -
celled "Fotery Toactor™. Tn J@dan, Thers was 4,521,700 Dectase £
arable land (Field and paddy field) in 1974, 2F This 2,208 400 h+C'ar¢
Iz pacdy vies field. Mowe Thap §5 % of paddy field Tilizge is congis
cered To be cavried ouT by rdtany Tilleds,
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. BAGDY RICE ZULTIVATICHN SYSTod aANT BUTARY TILLAGE

A% & oule, riece cultivation starts it the biginning of ralny =esson.
Tie cultivation is fivaded inte Two systems, nermely, Zirect sowing and
“ransplantisg systesm.  The foveer i 2ppoied In very limited ares {1 %
o sz, 1978 in Japas), while the Zatter s more populsr and stancard
eclzivatior mathod in Japan and other Aszian ecuntries. The rotary
—illage for tne “Tansplanting svster of paddy rice cultivation Is 25
Tollowing;

A Zeadneds can be easily prepared In edarlier sScasam With spall zcount
ef waTer, because The size of 2 zeecked Iz L/L0th to L720th oFf nacdy
wice fielf o ke tramsplanted. The rotary tiller troduces the seedbed
oS Fine narcewicg.

B After sesibed preparatvion, The fZpld has to be prepared (oediled)
With enougi amtust of water for trensplantation. oo 2Qll oonditions
reouested after ouddlipg are &F Slat level zod surfece and uniform
soft Tilth thar gives oicinized pain te the fingers of (fransplanting
faxmers and also hes enowgh congistency T neld the young plants.
Tillage ®v the rotary tiller is easier to keer s0il surface Jlat.
With ooe o Two passes of the rotary tiller, In general, 2 suitakle
and uniftrn harsewitg effects can be axcected.

2 Ferfpcot puddling work is empected to remeve sndior kill weeds. This
puwddling hes o be <ome within one-dayv-hefore transmianting. Toaen,
farmers ‘Tansplant the yourg rice plarts which have a better growing
phese ther weeds i the soil. & well designed retary tilier can ot

weess and dimbine thek ints the muddy s¢ll.

2 Alroouph the working efficiency (tize and fuel comsumptiond of the
retary tillege iz lowver than that of anly plew-tiliage, the total
gffjciercy including harrowing acd puddling of it is comsidercd to ke
alozst equal or better. In other words, it is more convenlent than
that of plovw acd harrew utilizatieon for preparatory tillsge of peddy
ries frakspaabting systeo. : ¥

These ere the measons why the rotary tillage has gregt.y incpsased
it Asian paddy rige farwing area. The shapes apd desiyn theories of
Agiarn rotary tire-klades may show some @ifference from geneszl rotary
tinc=blades <f Western Type. Fiz2- 1 shows exanmples of Japenese potzoy
bBlace and tice pespeatively. The hask-tipe &t shown in Fif,. 1 is oxed
stircely for paddy rice cultivation, besause weeds 4are Jdot to entwine
oL o1t easily.

. —

L) ok

i — —

Ictary Elade Gotary Hook Tine

Fig. i Ewamnles of Japanese rotary blade apd tine,
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3, TILLAGD CEPTE AND EADTUR 9T BLOUAAY TINL-3LALE

Iz the —ize of anical plowing before worlc wer I, general nlowing
fepth of the paddy rice Tield in Japan w8t % ta 1T <m,  Toe Everans
vield =f pevgh rice was 3.0 to 4.3 Tons ger nectare in 1530 to 1wl

The matiomai nezessitv of highoer prodoction of rice promoTed the
farcicg technology of deeper tillage ans wtilizeticn of more chenicals
sxd Fartiliger. The farcers veguired = rachire performance feor =111-
age dexth changed frow 19 o te 1% ez, 1T pesuikle 2h em. Toe averags
vigld kpoame %.3 tc 5.I tens oer hecudre In 1R05 o 1REl.

Zn rhe peried 1860 t2 1976, thiz has chenged AN Srem i3 en T
varge of Lt 1k ¢z, Lecause of changing technology of rice culTiva-
riom and developoant &f SESASD_@NTING Rashines.

[n cld tizas, It was 4 GEZSon system Ta glwe sdditisnzl Zertilizer
onca or twicne after the bagse Tertilizer, Hewewver, rescht 10 T L3
YAAT S, TalMers 2n Jaoen beocakme g give 2ddivienzl fervtilizer at lrzast
three =c four tizes, chscrving the growing ceadlivticn of »ice nlaots,
thuz raking -addy rige rects graw sitellow In tne shallcw tilth. To
control the 509) and water of shallower =ilth Iz easler <has ¢ GO
these of deez tilth.

in ole tizes, young rice plants grawm &
for transplanling by manual labeour, Jus ™
Brosing system o riae Secit and greaTer sdpeciTy of trensrclanter
cachines, younger plants &rd used Sfar transplanting.,  Shallow rillage
i5 2l=¢ Zucepted by the Tzmers to prepare ZIat gnd nice sell sarface
that =ill give svakle cackine Travel and accurste TTATEDrARTLag wWoon.
The zverage vield of rough rice In Japsn waes L. Tons DEr nestars,
LATE, and 5.2 Tong per hectare, 1BV,

nEsT 25 o 2B oom oware t=ed

LS

The drsign equation to get the concepviopnal racivs, =, of the

tine-klades Ik,
r =31+ a;
“here ¥ - the paxisman Saath 25 t2ilogs,
g+ = the mottam redics of The trengmission came of the Tiller,

Artpal values of 25 Im the czse of 7 <o 1% ps Lane Tracteds ane I7
to 1 ps ridlng fracters for smell =pzie Tarmings are S on or sc.
ALdine 1% e Ik g of oo oa., 0EMEAn ping af reotary tine-blecde radius
for Japacese vice cultivetien Is 20 ta 22 oo

This meand ™heT thie ¢oneepionsl capadiity of Til
tillery can e estinsted from the cimensions of It

lage daptr of rovTasy
S fide wiew.

L. TETERMINATICK O EZE

Tne tiilage forge T kg, produced &t ife tir of The Toteticg tioe-
Llate Iz caiculetec ovy
wrere e 3 englne R,
Je = mechdnicEsl Tranenlssich efficliency,
- Tep2d e oaw r = radiug of —ine-tlace, T,
n = ron af ectary axle,

r 3

Eigner revelutvizn of the Tiss-blade will creduce higher effects of
harrowing and saller =illage fores T g, This maarns <hat higher
revolution is edsier to redude Zack of tillage Scroe, gnl slowdown
of ynpine rom or shallower dupth of Tillage.

Slower revoiation of the Tine-blzde will have rough harvowing and
Trong Tillage T xg, which kas a capucaty of deeper tillezge. Fowever,
F oauch bigper force T xg grows oYer the adhesion and husking $8Paalw

14 4N



af crive-whecls to the ground, the tractor will lose its stanle
travel. I other words, the weassor will have much alip-Terward o
goring-fordard pheng=onom.

Basizg »r these conzepts, the rinieurn walve 9f tinc-~biltde Pph has <o
he fenidsd (caleulated) so 25 to have ne Spring-forward ohenomonan,
uzder the cordition of Sull horsepover operation of the fwactTor.

The pressing-forward forgr of tine-blades i85 changeable depernding om
tha "Radlal Suotion Foroe® (naced by the sutner) of rotary Tice-plades
el the tiller, as gshowrw in Fig. 2.

Hamaogm ppt of the reatapy axle Iz [ - T *'““““j
dagicded from the harrowliog reguire=ent
of farcers and trastor eogine cap&ditr,
eve. Two to four shift gearings cof
rotiry dxle rpa & adopted In the
rangd oF Tinimum o RaNITUM e

G ogunersl, the tine~-blade pum of
rotary tillers in the case of. Lsian
paddy rize ealtivition iz In the raoge
cf 1I6 to LEG rpc.

The lowest revolution of the tine-
Elade iz alsc Important =0 iscuss
the strengih of machine paris.

-
niE

S. RUMEER OF TINZ-2LADES ARD TILLAZE WIDTH

Tre tillags width of a rotapy Tillen has to pe 27 least the Saze as
2 o hiprer theEn the cuter width of both standard drive wheals., The
enzine mmrsepover of The Toigry Tractors and motary power tillers Is
cargfully selected with This cpnditioa.

Tne soiller nuaber of tipe-bklades 0 a rotary axle iz advantagoesis
*o hawing s—al’er tillege resictance.,

25 &howT Inm Tig. 3, ganeval value of tine-blade holdor interwidl o
iz 47 to 50 T, because bstk-Tires nmay ke oounted om the seme holders
for the blades. Attual fesign dimensieor of hlade width ¢'= £ - 5 +o
M mm. Tatal tillage width of a rotary tiller car tot be the vaiue of
Tatal nacker <f Tine-blades Timesz ¢. ns shewt in Fig. L, there are
zome rotating faces vwhers two blades
idTe rotAting on the motary avle,

Thez, ecotonon »elatizt of ftotal : e |
Tillags widse « and <otal oher |
af Tine=hlades & is;

b= w # 37.8 to L6

(O Arore A
CJCTITTITTT || &

Fig. u

=]

Fig. 3
4. niTTT TOSE-LURVE CF GOLTAEY BLADT

when rdiny ze2son comes in lete sroing in countrles of tepporate
gesc, on after dry seassn in tropicdl countrins, wends Stdrt o grow
Ir the filelds., Alsd, there i strew, stubbles and sraing of pvesrious
croz on toe fielfs which have t¢ be tilled and pudciec.
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ThoroeSern, it is one af the fendamental desizs elements for the
rotdry Llzde To heve an opTimum knlfe edge-curve, In Opeer T0 EVCId

— s

the ertwining of siraw &nd waod. |

T+ order tg vse The sLiz-out |
Force TP cos & of weed znd straw
85 SLONT In TifE. ¥, 2 x0ife edses
curye is degigred =0 4z 19 have I
optimun Yedge-curve angle” 2,
kairamu-kaxe in Jenanese, thét Is |
considersd To Se In The range of
tt” to 57.5° in norhal conditicnm. |

Larger sngle than ET 3 DIOCU0ES
excess tillage mesistantc., &nd s=aller r. t
acele thas =5 preduees poor pragss-oremovin effect vagultisop in tha
mossibility of prass Collling to the motar blades and axle.

Toe design cguation o knife copd-curvas iz 3 il of spiral cura
eoraties as fiollows;

-»>r

wi |

-

-

1
3

= » gim ' air LR *
4 o 8 &, i . i E)

where Ip= alma’ated radius In polar ecordinate, o,

o= racivs on the stariing *ip noint of a=d, mro,

b= edgo-cerve angle on the startivg peint of =0, degree,

#7= ghanping degree In pslzr coordinate, every Loe,

k = congtant to Ceterrite the Ircreasing cherzsterisiice oF The
uvige-curve 4ngle, selected by = cesigrer, /18 Is Cecon-
monged,

7. coor ANELE OF TIP ECOELING FLRTIIN,G ﬂl

ke sidelong porvien 18 desigmed Bo Aas to have w0 pressing oRancie-
non of its putside surface T the soil,
g, im Fig. & is "icoop Apgle",
raiFaka in Japamese. This 2= the
angle ketwean radine directicn
ard the cutsiap guxface «F the
Tip sidelong portion.

51 = E -7

the zngle between prediy
CipgcTion and The Tangemtisl
line ¢f +the locus ceeve,

whete 3

lEﬂv f L] i Ty
- ]

; 2. . 2
o (AT -Eymvip-F I+ ram)
¥ = reliel angle.

Lk
L]
[¥]
[u]
La

r = - -1 -
vV orefer to Tig, £ 00

v coanrols the tursice and throwing baex effects »f tThe blade o
oi] ecleds.  2igger relief zngle oesss mmaller zpple of 8., ozd
rofased STEongEr TUrGing and Throiing tack efrasTs. "

Actual zcoon angle 51 for Aziarn TarninEs isg

wp oo

o o s : _
BT e TEDa + mErd ell cendiviod .

T8 mm 55 - - common soil conéivion L in the case oF

EEY to ECY- - 3oft zell candision ; glnple-pdped blada,

bk



Tae roTary blade of wide racge use is desipmed =o ke 75 g 20O of
El at the lower sart of its sidelomg pootion, acd about GG of ﬂl at
the Righer oart of the sidelons portiohn-

The astaal seasusenent of g1 fer & given wotary blade will give o
hott om the sgil condition suizable 1o The votary bliade,

2. SBECTIOXAL SEHAPE o7 STRAZCHT #HIFZ PIRTION

The sesticndl shape of strelipnt xeife poviior of common kledes -ade
in Jzpan Iz & Souble-edgel xnife of wedige type. wher the Souble-edged
wnlfe cut vertically inTo the scil, the ¥nife edpe coopresses the =oil
of untilled slde, profucing Zig tillage mesistance.

4 single-eliged knife of equal Thickpess section or =lightly reverse
weipe Ty¥Te Section profuces smaller tillage resistance thar that of
2 denkle-edged knmifa,

ADFLRINCIS

t. FKeisueo, ¥. 1281, Pm. T. Thesiz, Foada—erta® Research on Zotzry
Tillzgme, ke Bulletin of Yaragata Oniv., Yol .2, Ko 4, 2-187

2. ¥agahino, 7., 1%7C, Ph. D. Thasis, Research on Furdamentzl Design
Treeries of Botary TIllage Tracters, Shin-rorinshz Co., L€

Z. Eéome, W, 1257, Eirflussz wvon Torz und fnorderung der nerkzeage sof
cle Aniriebsncoernte won Ackerfrisern. Grandlg. 4. Lanstechn.

4, Eaxai, 1, 1SEC, Th. J. Theslis, & Thecretical Aporoach +o the
fechiniso and Ferforzance of the Eend-tractor witx 2 Zotery
Tiller, togather with Practicel 2pciication, Esusow Univr. 6

5. Eaxai, J.. 1973, Hiztory of the Develophernt 8ad Classificavion of
Japerese Power TIllers zpd Hend Tractors of Hultipuroose
Farforoance, Sgricultural Mechanization in Asia, Shin-rnarin-
gra Jo., Lt., Vol.o IV, Wa.

E. Sgkai, J. 157%, Theoretical Lpprozel To Tee kand TraeTor of Zavtayy
Tillage, Japan fgriouliural Eosearoh (uarterly., Tropical
AZricuitural Fesedro: Copter, misnfsTry of Reeicultipe asd
Corestry, Vel. 5, No. 3, 153-1%5%

7. Takzl, J., Salaz, C. 3. § Keelshima, 5., 1974, Tecdamettal
Zescarch on Xotow Tillage £ ITs Power Urits {u). CSooe Co-
officionts af Segtion Type Rojor Tillers, Comwanticr Faper,
Hoo.o 230, 33x€ zmneal Convention, JonH.

. Baxai, J. 1375, Thecretical fporoek to tee kard Tractor of
Fotery VLilige, JEpep Agviculrural Fesesrch juarterly, Trovi-
220 fpriguituwel Resesngh Cenver  Hinizoey of fgoricultueae
and Terostry, Yel., ¢, Fo. 1, 40ak7

. Sgkzi, J. & Zhibewz, Y. 1%7L. dtudy op The Desipgn Enpgineeripge of
ZoTaoy Zlades Tor che Fotary Tillage of Tractors (Part 1),

The Zuilerin of the Taeulty of Agrleultuera Hie Univ,, Hoo L2

i, Szkai, J. £ Shihare, v, 1271, Study om the Lesign Enpineering of
Rotarer Slafes feor the Sctary Tillsge of Tractors (Part &0,
Tre 2ullietin of the Teecliy of Apriculiurae, Nie Jpiv., He, E0
217223

1. Sakai, J. & Shibata, Y. 1576, Atwdy <o the Desige Enginecring of
Sozary Blacfesg for the Retary Tillape of Tractors (Part 30,
Tne Buelletie of the Faculty =f Agrizulture, Hle Univ., Re. 50

1%, Tagazhi, T. 1962, HReseaweck on Sotary Tiller o Kelashi Industry

Co., Z=d. {Upoublisked, ecirtesy to the auther)

e



The ik Conmfer ziue of Thoe Iute-satiowal S2i. Till=sgze
Research Crpgazizafion, Swaeden, 2376,

'"TILLAZZ TR DEY OANEUAL LRTPT TH THED HUAIn TROPIIET
Tr., Teunis varn cex Sar {® sSee page L]
fenTtre for Agrizultuaral SeSearch o Bupdnas(UIlLEl
7.0.8. a3ty

Tarawmdarize
Fepublic af Surizam
aBSrye T

Tz tnugesigaze tne poaseibiiizy 0F arable crosriag

i fke Rumid spopize g trial waE seld oup on g faxdy
Toam sotl witk erphasdte on tillage. Taree sillage sus
tEmME WENE asAbarofl rovavecirg, TRoMgfitHg and miRimuam
$illnge.Sn oll coeasicons plougning gave tfe Righast
Eiedd, angd sAfnfows tiilage $he Lowesd,. Aocovating wad
PEILELENEE {n Betyeen. FPosaibly pield diffavercns a-
risag Frem 2t fzrences in Weedgrowin. TRare wrre ne
diffarencer sbhserved x4 munber ¢f phaysiogl Savg ang
in prgaric masser comignt., ITharz wgE ng dndisgiion
Ffoom these messurements sSHet soil Fepiiliiy shamgen
T taid Iriv@e yean :ast parioo.

lotrsduection

CorTimunts d?g evepning fm mat well snown In Suri-

#am, 3 caunIry in —he %umid trapices with o2 wather -
vonly ﬂ;s:rzgu ed rai=faell of 2317 =& & weaw. Ir Zhe
coagtal =lar soils wice I= the wzut ImperTant orod
vaile on the IZrnland g2ilz Apg anncal orops are growh
in a “shiZting evltivaticon™ system. The 2TAETal clav
colls &re less suited for gvowing AUy BNOULAL SIrarCcs
ciae *e Toc small nunzer af worka>le fave and nigz
Avainage omsts. [Fortaniew) The dsacy sand a2nd sazndy
lozr inlzmni =s£ils are moarre sulited for growing —hese
gropg. The nurher of days with wuivtable megdatner fov
Leldwesy 15 muean wigher azd +the cests of Jralnzge
car he meplected. A flgzdvantage of these inlazd
uniZlzs Ig tha Tow Ffaprtilitcy, Shiftizg cuolifilivarticn is 2
wzelfvl gystesn for permanent $o3il CZes WiITE o Znly hunan
labovr (fye B Sresnland: ¥aztTters). A mixnture of diZfs
DOTL Arcpnm L& SYown An sma”l plavs which are 2sea

wly fop oa shert peried. Thapefore 3 welatively lOrge
srea LIs reculres Sor oa small gsuantity oF producvs.
Whnan gove advanced dectalgues “ixe e.g.0 the uss o
fertiilizers, . pesticides, abd =owe afiecti-va eculcrent
arec acoepied, 2t sheuwld e 2os5sibhla T Ztillze soil
ans lazzur resgurces wmore «5ficiently, éni To pro-
fuce a4 marietadbls suvolus of croes. Thnercfora a Trial
wish The emphasis oo tillage was &St up onam Ialand
sandy loem scil with the alm to Iavestijote:



I, Tre 2ossibilities 2f centirpucusly growing annzal
crops on E2ndYy loam seils, under tZe prevailipg con-
divionz.

Z. rKillage sysTems far the srpess invelved.

i. tra vesgrmgasge of crops, weeds 204 =20il tzn thesza =y -

ETams.

In Eurinam, like in sther devaloaing cocuntries, vthena
iz a shertzge of ovoss like meize, sorghuac, eoybeans,
covpez ans rveanit. These Srope were therefore Incluaded Inm
—te experimsnt,

Mathpday and marterials

2efape the experipent ¢couwld sTart, tThe Land had to be
clearad Iraz Zorest. The Toeps were pazhaed down by oa
Trag pusncr meukted spoa watersillar dazer, After some
drying The Teees ware pushed Tegoether avnd dureeld. The
manty werp ravedl TS othe fides 2f the field. Te pramot
Jecompesitiosg 2F rests ¢f wood and 2% stumos Lo vThe bDil
4 cover aad green zacurc crop kuizZd [(Prerarlia phaseo-

e

laides (Roxb.) Darntz. )} wax sown. ATt abput twa wears
this crocp was mMown with a4 slasier and pl.oughed Inte the
go0il with a di=z pleough. ZTar nmigughking wests 2f hard
WoOOL wWars repovel, = seeibked was orepared by a di=sc
Ezr>rzy and the first corco YWaE S0WD. .2 _e8vel Toe suniage
and %o hgve En ooplpsrtunity to diz out rests of wood and
awomps and Ta pget agp idea of the uuell v of the Fleld
TRis [T&ZCmanT Was “Epeated threz times witTh tas Trops
malze, ¢owoea and savghum successively. Efter tils vear
The cxperiment wgs Set ap i his Zefinize forc,
Torens quite different Tillage syavTerns Dave heenh studiac:
l. CZttensiwve Tillage Witk a4 retavatsr To a depth =f
15 e=, wnick prodices a Sine and smactih secdked in 2
gingle paws. The weeds ars thorcughly wi=med I9 the
sail.
Hormal <Iil.age Wwith a ¥ €iszc nlough to a depth of
260 cm, fall=swed kv one passage cf a roterrs rowsred
harcbw, Whizh aradueeces 3 fine sesfbed. WIth ttis
syaTen most of the weeds zre puredds
tinimuy Tillage with 2 petavator to a depth Df 5 em
which preoduses & Tire secdbed. ALl Lhe cwvgarnic ma-
terial fraz the previocus orop and The weeds is mixed
in 1%is Thip Lawer.

]

(B

In tRis axperimental field crans can oe grows the
whole year =2und [alngsT copstant davlength and terpera-
ture, raTher evesly diffribut¢d_rainfall and encugh
woirkabls <ays far :_.]aap »ap preocictjion and carves-
Ting) =@ 1ra» Ipmodiately afte. a erap had besn nar-
vested the siubbles 2f The provipus crop were slashed

H

is 1Epgaagr} and 1ililage wanp careried gur. The sare
—illage sysickm was used for all ¢reps.

Tte crops weoe roTated! &fTer 4 gereal a legume Crop
followad and aftepr 5 lezume a cereal. The whole fiels,
2% Erea = 1.36 na, wus s3wn o vas :Eﬁp &t ane time.
Thee Flrst Twa Crops were oWwn With a DReUTATIc 30A2ing
driill immediately =zter tTillage, Dut To geT a cLance

3508



2 destroy seedweeds (2
TnEe previous grop) 4 i
aerrow was iscroduced aiout 14 davs sfier the

Lago aperatise and scwiag cele;ed senordingly.

Iz tiis weéy meny sesdwesds were destroved. TF
WESTDEer wWas rataer deov weaeding was denn by Taz
or boeizg by a <razcrTor d-awn Dpoelin maztine,

nclusive germizated seeds
llege operaticn wizh the

fdhore il

iy

1

weather cenditions were wetT ohamically weeding wilh
ZrzooMone, sSnrtayel undar 2 o2an, WES move suslessiil.

If meceszary pests 2nd disszsea were conTral_ed by
oraexjica’e, GWwing v~ The RIgh vainfall ard —ha paetl
adszsrption zcapecity of the =5g3] Fewvilizinpg WEn iznae
tga or three fimes. The guantitics of fewvwiilzaer
Appriec are “isvesi inm Table 1.
AarvesztiIng the g¢reps proved To be mather SL8Fisul:s
Seeavse RanihapveaTIing fonx loe runi Tinme whep =te
cwaon iz ripe, it shaould ke havwesztef withic a few
Zays, espeEclidal’y wien *he weather goaditions ave
we:,beca:se of rapldi infesvation oy f-ngi. Ton omae-
zzanizal Tarvest The croap VErioTles ware morse ov less
unsuited, Hut pxcent for maize a solution was fournd.
Earvest l&SEES were feTtesrminsed and taken Intc afesunT
Tor yvield dezavrmination.
Table 1. Juzmtitlaes =oF fertilizer zoolied Sour tha Sif-
fevant sraze. (kalhs)
IAno 4 PEDE E?D cz Pericd =f growth
Zowned & BE s REFL - zegs ST
maize T2 ol 1z1 T Af4 = FS2 7L
FEanT 21 L T R - AT ST
sotznum a7 L2 au QS LE. QLIS ST
ST AnD 23 &2 EL —biE e ST SN
—aize 1co 53 2z 1100 A% - IasL FTs
Tre s0il of the sxparimentzsl Zleld was 4 sandy
learm. TZe swedscil was neavier toen The Toapasoil{Teb.we 21
Trig sgil héd = good zhvsical zesditien. WEter in dev
pericds was generally sufficiests dus To The clagy canTent,
Az the ciay Mizeral weg xazelonite the wdseppTion caza-
city of placr nurpitive minevals was wmizioa!.
Takle 3. Clanular compesioion
PR
depth {cr} < 2 1-33 . SAmgoIe B - T N
5-i0 i¢.5 2.7 LA .7
F0-:% 2.5 2.4 £5.3 H.E
BI-&h 2.4 5.3 Lh.3 3.z

35:3



YaasoremalTs

OFf gvery crfep The vield per plot was deoterzized.
Moresver $0Mg Jgasurcnents on &éros develoaprment wore
maie 25 plant density efter emengance and at La-wvest
timz, a=d Soaclimes plactheight at havvest Tiuac.

Laricg ¢rop Zrowth and at Zarwvwas* time ps<izutions
wisr made of H&¢d5r¢wt .

On three pizcas bn the expearizmental Zield scil sea-
Ties were Tdxen freom two Septha 1.z, The laver of 10-13
smoand ef 20-23 cm. These sail gimplexr were used Faor the
deteraingtiz> ofy 1. pore spsce, 2. alrcceatent ax Fiell
zapactity, 2. watewcanteni 2t Field capaclity and 4. orga-
i mattern Sbhotent.,

Rez:1t=

< geperal the crap vields ware goof. T atacared
that +the average yielfs of plnugﬂlns were always kighest
znd o minimum =iilage lewsszt, whila veTavating had a
a7sitign in ketween (Table u) Yiglds as & parsontage of
the average were o7 wlevghing: 118, retavating: 102 and
Finimuee tillage: 589,
TokLe 5. Trop yicidikglha; E seisture w.k.) and wil-
lage systens.
crop rotavating plouvghing minimum Tillage averafe 5.5,
SOVEED T2B 53¢ 298 122 5
nalze 7214 T9VE 241k 2707 1a4
peanay 14C1 1a4% ~aTa SHL] z2z
ST ERUT £73% 3037 2513 27T 326
soybeans l4E% aeki” 115% 1373 zLA
naizs 2237 2ECD 2Lah 223 £33

The diffcrenzes 1n ylelis ¥ the cifferent *illage
Sy&T0Ts fannwt e sxplained by differences In Fore soDace,
aix contant or water content pry Flaeld capacity. The
differecces in the ovganisz maitzer ¢Gﬂt¢nL‘ which wzs moa-
surzsd zceprdipg to the Walkley ¥ Slack asthed, are z2ln0
fnsuifisient o joeaunt for the »ield differsncea.(Table 4)

rotavating plnugnln; nlnlﬂuﬂ tillage

Lezzh {cm} la-1%  2L-E% 1e-I% Z29-2% 0 Lh-1E 0 EG-RG
Fore Apzcei VSV U3. 3 ~2.6 3 #E.C o4.] b3
Liv cant.at pl ]
Bowiy id. 2 2.8 23,7 Zu4.7 E+.E L.z
FETEEr ZopT. At -
afF % oufw 1=.z2 17, 17.4 17.2 1.7 PR
YrE- matt- oonp.
T owiw Z.53 2,32 Z.47 .51 2.LG 2.38




Heedgrowth way also asZfegst wield., I+t scemcd that L3 <o
Feginrning toe weedgrawth on The plouglei vplots wWas poo-
re3t and oo the minizem tiiled plots sctronEest. Zocta-
vabing Fenera ly oad AT irntermediizce mositon. The =fFfec
af one application af gracoxone is shown In Tatle 5,
Althouph sfler weeding thare was a3 diffsrores In weed-
grewih, 4% harwvent time, Sewever, @mcsTtly en clfferanzcs
were notliced.

Taxle 5, Average area covered v wedsds LAY Lz heforo
weeding apd 2 = 12 dawves after weoding.

rotavating pilo-ghizg manigas [lLla3ge

.
o]
[
[o%]
[
ra

7L 1H &3 1 V&

-
i

The hig prabler of permansnt culture = §rv cross
is the maintainarcs of sail fertililty. As the adsorp-
tisn cupieity L8 mainly fetarmined by the osrgacic matter
content [(Aye znd Sresnland) chatges with this refpent
durin% the porisd wnder ievestigaticn had ts be regeriad.,
© W Alsy changes in s0lil properTies should ke conmzidered.
Iv seerms that organic matrer content remains zconshant.,
The zére can be said of scazuesd 3ci) physicel praper-
Tics beo it that Thore &rc Chivar flustwataions.rig. i-d.

'_'
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The Ttk Conference af ihe International Seil TiIllage
Eegparch Orgurization. Sweden, i97%

TILLAGE FROGEAMMES FOE CZHZALSZ IX S0UTH ATSTRALTIA

J.E. Schultz, H.J. Frernch 2ed I.T. Srierson
department of Agriculture and Fisheries.
B':l:‘:. .!E"T-I, GF?il:ll

Adelaide,

south AustTalis. 2001,

ABSTRACT

In Sonih Ansiralia,. cereals are sown in late
antumn {M&y—June} woile the =cil iz s5t1ill weItling up,
and matere in garly svomeTr([November—-December),. Water
5 gften limiting Suring grain filiing 3¢ =n important
regnirecent of tillage prograczes 1z To cohserve rxtra
wiater ir the =sqil. Otker lizitatieoms in the enviren-
ment and other requirements of Tillage procrasmes are
dizecussed, The fipndings of rescarch ianve tillage
practices &re Jiscuzsed in ske cchtext of the
limitation=s anrd Tequirements.

Irtroductinn

Tillage is an essential part of the mixed orop
apd livesteocx systen of apriculture Ip South Austzelia,
Farmers are centinwally looking fer wvays of reducing
tillage cosis and arc iniercested in the effect an
vield of 2lterpetive techriowes suwch &s kerbicide spravs
ard rinizue tillagc. They are zlsc inferested io wsiag
bigmer mackines to mive mores outpat per man, beceuse
the cost of ewploying fxrm labour is high,

In copsidering tillage progracaes Tor a region
it is oeoessary to first vonsldor the special featurcs
ard limitations of the environdeni and o defiope ftae
requirements of the tillapge srogramces.

Linitations in owr Eovironoert

in South Ausirzalia, the main influcncees on
willage Irogrammes aTe:

1¢ CeTeals [wheat or barley) are seve in large fields
[from 30 te 100 ha) asd these efzen contain
different so0il ivpes = sands, loams oT ¢lays.

B

. The =cils are generally shallew wizh 2 fapseil of
less than 15eo; subseil stope i3 piten presentl.

3. Boil fertility is only moderale, with the tap
Todem of tke best s0ils haviar a toval nitrogen
coptent of Ua14 o Cutd perocnta

%a  SBome of the seils, perticularly ss=nds and sandy
loars, are liable to eitier wind eor water erocsion.



R

. Letezls are sown in Jate avtumn {May=June} aftber
suf'ficient vain has been roceived to allaw camplel=
tan of seedbed preparatichn. The onset of early
dutunonb rains following a five moath aummer dromght
iz unrcliable apf consequently there is oncertainty
%5 towWeéa sowing cam begin.,

&, DRaipfall in the groving seases is below optimum
fusually less than 400co) acd there is a high
sropability of drecpght.

Ta 3rils coatinue To wet wp from sowing to the end of
the wioter razics {August}. In spring, raiofall
diminishes and air temperature Tises =s=o that wafer
BLress if coccon from antheéesis onwards, Craps
BAture 1M eazrly Sumoer (IDvEmher—December],

= Coreals are grown inm a4 rotation in whicn years of
cren alternate with ooe or more yvesars of annnal
legume pasture {(commonly Medicaga sop.)- Shecp
and cattle graze the pastures and the atubble for
3 to 4 months after harvest. Hernce, tillage
Proegrammes beed to be ccasidered ik relation to
the whole rotatien.

o, Farm labkour svpply iz dioinithing acd js costly whon
arvailahbhle,

fequirements of Tillare Proprammes

Ji iz within this patterr of ialeracting variables
that our tillage profrasmes must prove effective.
Fillege =hould aim to favour those factors that promote
wield and di=courasge tho=se that depress rield. The
mazin gpes in pramoting y¥ield are a better water suponly,
& bhotter nitreogen supply apd early sowving. Those that
depress wvield are poor structure, erosian damage and the
presence of weeds, disease azd pests, The 1illage
progrimre must culminizte in the production of a seedbed
suitkble for cereal grains,

hesearch Investigations

REeswarch bas e¢lucidated scme of the facters that
nely in oaking decisidns oo tillape progTamiles.

1. Length of falleow

The term "fellew" apoiiez whea the so0il is first
broken wp it early s=pring [Septemherj andt Kedtl weed-Tree
oFel sumier by cultivation, in preparation far sowing
in l=te autumo, carly sxperiments showed that thiz
vrectice bermefited wheat ¢rops and yield Zndreases
were attribtnted to & better asedbed, weed control and
e iperecases ip go0il water steTage and sc1il nitrate
niiregen, These findings encourzged the use of fallaow
an all =0ils, Howewer Tallev, Together with parrow
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rotatiens without preductive pasture, led To widespresd
ervszion aod Dy 1940 yaelds were decliniap in sapy of
~he cersal dissricts (Cernisk 1949),

After 1943 the increased nse of leggume paziures
improeved seil fertility end many farmeys doubted that
Pallgw waz needed to qive high vizlds, Te test this,
Franch {(19466] gompared fallow and "short fallow™ (ir
which the soil 3% first broxen up after rain ar fthe end
of gummer] at five sites in Souik Australia over five
seasans (1937=1961).

Fallow increazed wheat yield by 335 Ro ha“1, a7
34%, aver that from shert fullow, This inczease was
abtained at the cost of two additional coltivaticons ard
seven monihe loss of grazing. The irdividual responses,
which varied frem —200 %o 875 kg he~1, were related to
varizsions in the additional water apd nitrate nivregen
accemulated ia 1he Fallew.

Creerall, 5%% of the yicld rezponse ta failow coald
e ascribed f4o variacion in additioral water at =sowinf.
The additional aittrate prosent In fallow did nnt rrrerease
yields ip Ary wyears but in years vith faruarahl&Jgrawing
suasens, the afdditional miirate zcocounted for 33% of ke
rield response.

From his wark, Frenck {1966) prepaxed o f£zllow
guide tc indisate arcas in South Ausirzlia wvhere fzlloew
shenld be adepted for vheat. Thig 15 shovn in table °.
Later siadies {Schultz 1971, Schuliz 1972, Gricrsan 1973)
have confirmed thiz fallew pgoide.

Table 1

Fallow Guida

Previopns legume Toplicetion Action reguired
higtors
Pogr grovth Likely stortage 1, Fallow*
of mitreogen ar
2. Adéd pitrogen

fortilizer

Good growih Lik=21y shertane Fallow*onlv if:
of moistare ie Sp0il is fine

testured wilih moxo
thar 207 elav In
subzoil §15-_30cml.

2a July-August rzins
in previous
wirter excend
150mm,

¥ Aooual rainfasl
i2 1rs3 thap AG00wE::.
#Bogin fallewving hefore pastuzes Flower.




The til}age regquirements of berley are less demand-
iag  Lhan those of whea?. Javley cTops are usuelly
grown on shart fallew, often fellowing a wheat crop ine
previous vear, beczuse the additicral nitragen ic fallow
hax a4 deleterious effect on greic maltinr quality,

2, Fvpe of implcement

A variaety of implements are used in tillage
PIOpraAsIes., From 1957 ta 1960 Ffrepch {unpublished
daza) vorpared the yields of wheai from seedbeds
prepared with wariocs: tilloge implements And programmes.
The impleocents used were: [(a) mouldboard plough, (b}
chisel plough, [¢) rigid tvne cultivator, (d) duckfoot
eultiwator, (o) 4Rndem disc harrows. There was very
little effect of impleoent on yield in ao anoual
tillage programme.

3. S0il surfarce treatments

In experiments in 1966,/67 apd 1967/68, Schulte
[1272) applied 2 range of surfare treatwents io a
tvpical wheat growing seil, The treatoenots, which
were hegun in early spring of ihe year befuore ¢ropping,
were fallow, short faliow, chemical falloew and fallow
separately modified by the addition of gypsum, straw
or aexacecanol,

The water storage efficiency under each treatment
vas calculated by expreszing the incroase in scil watexr
between fallowing (September) and sowing {June) as a
pereenlage of the rainfall dering that tioe. These
results, tegether with the pitrate nitrogen &t sowing
for each treaimeat acd the sebseguent grain yields, are
given in tabie 2,

The water storage efficiencies were higher in
the wetter =zeason (1967/52) than in the drier seasan
[1966/4T} ard in eacl instacce, falleow +strew was the
most efficient and skort fallew the least efficient.
Within each year, graic vields inereased wito watoer
storaoe efficicncy, emphasizing the need for tillage
programies in our epvironrent to copserve s8il water.
The nitrate nittogen contents iodicate that mineralizca-
tion of ecrgarie mather was more effective under those
treatrents which retained most mpisture,

d, Minipus tillape

A pinimum tillage teckoigue known az "spravsced”
bas heer. used i3 seuthern Ausiralia ic recent wears.
The arca to be sown is prazed heavily and bipyridyl
herbicides are uzed io kill »lant growth 2 few days
before seed iz sowh directly inte wuncultrvated soil.
Benefits claized frow using this technigque are additienal
grazing at a time when pasiure availability is norzally
Iav, reduced cost of seedbed preparation and maintenance
of better soil structure,

LR



SR

Tebie 2

Walbor sborage ol Ticivney, pidwalesd ad aowiog &l greadn yiceld of vheat Tor six surfoace
Leendacnts in 1960/67 and 1967 /68,

1S/ 6T 1967 /G4
T oL b L Wl Bitrabe-N farnin War L Hilrabo-N Genin
pon ek shorape at mowiog ywieLd 5 barape at ."smffinf_': wiohil
ol in- o =t I Sl e o= hig i~ g he
inncy Gk denesy NN
b
b i
Fallaw - 212 38T 20 i 2340
Shovd frntlow -13 1523 17359 | A7 2000
Cleemivnd Culd Low {2 108 21% Ry av 2374
Fallmes & s 10 2N i 3# 31 B 4750
Mol low + stbopoor 11 134 Tl 3 ] LAy
Fallwe + hoxadeennnl o iy 134 il f21 2474
LS (P - ,05] - P 1% 147 - biatia 20
Annmedd rainfull e} [40T — 2TH 198 — GHY nan




Friersor (1976} cenpared the technique with fallew
anf skoert fallow prepared and sown with tvned (T) and
vatary (R} Implenents. The treziments were arrlied oo
the same site i 1974 and 1975 2z well as on a new
adjacept site in 1975, The wheat prein wields obtained
it these cxperiments arc stown in fakle 3,

Ian 1974, fallow and skeort fallow [T] gave similar
rields because of the wvery wet gzowing seesan, Short
fallow [(R) vielded pocrly because of weeds and the
spravseed treadtments suffered from havdie (Faeumanncemyces

reminic=}. Ion 1575, on the 1974 site, zeveral trrgTrents
were affected by navdie zod on the new site, the soray-
sgeed treatments were affected Dy cereal curculia
{Desiantha candztal, Io all zhree exporipents, Jallow
did ooi suffer from weeds or dizcase and 1t yielded
mgre than anvy pther freatoent. Tiis cenafirms namerolls
other obscrvations that = psriod of fallow in a rotatioa
redpees toe incidence of weeds #nd disease.

Table 3

fGrain vields ebtaiced from five different trllage pro-
srampes fer wheat in 1974 and 1975,

- - - =1
Train yicld + ha

Treatmerct 1974 1975 1975
{1974 =ite} [mew zite}
Fallow 3.09, 3,244 3,80
Shert fallew (R)* 1,72 z,13¢@ 3.52
Short fallow (T)* . 3,05 }.325
Sprayseed [®) 1.53% 2,587 9..313
Sprayseed [T) 1,95" 2.z270 2.29
#[R] = rotary icplement for +illage and sowing
- " " " r

1] tvned "

= Short fallow {(T] on previous fallow nlots
* Affected by weeds

P AfZected by havdie

B Afrectoed bw cereal sureulic

. Erosion demage

Excessive cultivation can lead ic wind erpszinn
on sandy scils and water erasion ob leamy Scils. This
risk ha# been lessened by reduweing the nucber of tillage
operations (in many instances Trom mere Than elight io
four or fivel}l and by the construction af coctour hanks.
The erpsico risk on some Bard-Retting seils can he
further redoced by the addition eof gypsum to i1xmaTove
the sailts physical preperties. There is ¥ittle iaterest
in stubble molehing as a means of redocing eTorlion risk.

hrl
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Stubbles are nermally grazed by silcep oVer sufiner:
in #uTLrl, DRETUrE Tefenersles or the romining
s5tubble 15 burned or worksed in, in prepazrailon for &
sacond ¢rope

G Time of sowving

Highest vhest wields arc normally ebrained b
sgwing before tae second wesk in cune. Tielés decronse
oy 20-40 kg he~! for cach cav®s delay in sowing alter
mid-June. becanse anthesis ococurs later 1o smring as
vater strese develops, Henco, farmers &re viien
preperad Lo sow on biTe, even wien venther conditiuvns
have net allovwed preparation ol @ norzal seedbed.

Te Depth of 1illane

Experience has ghown thet tThere is na advantage
in tilling the zeil deepor Thaa T-3om. Behaltz (14T
faund that the docpn vlacoment of superpbosphae
Li3e2 death) was ao more effective than ikhe norTmal
practice of placing suvperphazshate with the szed al
>or depth. In many zitaations in Souib Australia,
decper tillage weuld bring stoncs or olmy to the serfece,

Conclustans

The condition of the szcdbed has psuzlly been
regarded as very Lrpertant for ebizining higk yields.
Howvever, sxcept For greoss defectz in the zeedbod (2.3
surface crusticg or crezionl] gaod rozults ¢an be
obtained in Sowth Auasztralis frorn secdbods producod Ly
s variety of tillage programmes. Ticids &ro woaT
spificiently sensitive to secdbrd condition to warrvant
mca modificaticon of The sethodz wsed. The mair
factor encouraging cer Lormers te change theiy practicces
is cost, Dwo aprpreaches are Delng tzlen:

1. The use of bipger machines o urepare and sov lgrd
[#2]l1low or short fallow) withkout the necd for
adiitional labour. Farmers aian 40 covexr bipgp arces
and aro net interested in special Techalcucs o
obtain mewimum vields en small areas.

2. Reduced—tillage Technioues, pzovided that any los:
in yvield due ifo weeds, Lisenses, posis, loex of
5011 wvater or laclk of scil nitregen Ggrs not
anzors the zaving in cost.

Lot
-
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The Tch Sonference of che Ipcetneciosal Soil Tillege Ressascs
drganization, Sweden, 1976,

Seed Fope Sgil) wates Comdicloens with Refuced Tillage in the Seaiszris
Cemrral Sreat Plains 1Y

0. k. S=aika, 50il Scientist
TEDA-APRE — Akron, Celeorado SO07I0, T.5.A.

ABSTRACT

Soii water chanaes wmeasured by 1-om increments be the 15—
depch in all-tillage, raduced-tillage, and me-tillage fallew treat-—
=ents 1, 12, 19, and 34 davz after a 1.33=em tain are Sresent:
and dispuseed. 5eil in the all-tillage treatmoent dried faster acd
Lo a deeper depth than the sther tve treatments. The pe=tillage
treaccent dried the slowest and to the shallewest depth- Sufficicn:
water To serminate and soprort imicdal aroweh was feound ac che 14—,
12—, and J7—em depth fer the all-, reduced-, and nc=tillase toeak-
Conts, Iespectivelsy.

e

Wincer wheat (Triricu= @estivum o.) iz a well-adapted acd
excansively planced crap an drrland Eo the semiarid Cectral Great
P alns, Stable econcmics]l wheao producricon in cthis area danesds oo
sored sail water, hecigge precizitacion apoeacs and fregoencies
vary widelw. A winCet wheap-fallow vorcacicre is commealy avacciced
co ensure suffficigat water scorase (5, &1. Quriag che li-moach
Ezl ow period, all wegervapive growch i3 geserally cobcrolled Ty
tillage.

The developzent af now and =ore resiable herbiceides since che
oid-19606"s has Zenevated cepsidecable interest iz Teplacins szome or
ail of the fallow tillace cperdtivns necessary For weed conkrel
with herbicides (redoced- and mo-tillage Fallew, respectively).
Reduced- and no-tillage faZlow systems have sisnificantly iucreased
coral fzllow periad soi) saver acorage (4, 7, 81, Ixtended Ao
reriods just before seeding the wiorer wheat cras are eorron in the
Fomiat¥icd Centtal Creat Plainps. Thuorefore, of 2ajor inesrIcance is
tne influenece af faliee cultural systen oo soil WaLRT fognfént A0 The
planting depth ta insure soed gevmipaticn acd icdcizl seadlioas
omraplisheent,

FETHLDS AN RATHRTALS

Thizs soudy was coaducced o The OO0 50 Dentral Graa:- Tlajins
Resgarch Szacion near Axren, Colervade, D5A.  The semlarvid «limaez of
cthe arga has & Medn apcud)] tedbetarcte ofF 270 and reecejves S0% of ol
averzgn annual 33 g2 of vainfall from apwil chreugh Qorohes.  The
soll of thre experimgnral area ds Weld sils lear which is ag Aridie
Paleustoll., Ac fileld capactcry the scil helds 0.23 ep of wafec 2ar
o af amgl.

1/ Commributico from Ageiculrural Mesepcch Service, T5DA.



Weed ceutrel treatments were Teplicacred 3 times ip fallew plots
11 w wide by 30 @ loas 848 were (A3 subsurface =echanical rillage as
needed threughout the lé-mogeh [sllow peviod {2ll-t3iilage treatment),
(b) residusl plus cenract herbicides applied anly ar che svars of
failow with subsequent mechanical tillage as needed {2 gpuerations) when
the residunl herbicide ne lopger szcisfactorily concyol led weoods
(heginntnz wbout the aiddle of the I12th moath zfoer initial herbicide
applicaricen) (reduced-tillage treatment), and {2} residaal plus comtact
herhicides appliad ab start of fallow wich subsecuent Contact horbia
cido applicaticn= as neaded (2 applications) whew the residusl herbi=-
cide ne longer satizfacterily concrolled wagds {no-rtillage treatment).
Ihe resideai herbicide wsed was 2, Chloro-d—echylamino-b-isaproprlacine-
s-rriagine [Atrazine) ac 1.12 xgfkz acrcive fagrediens {a.i.). The coo-
tact herbicide used was 1,1'-Dimethyl-4,4"-bipyeidyliwm ion as dich-
laride falt {Paragnat {i) at 0.28 kglha a.i.

Spil water was deratrmiced gravimeryigally in l-om increcents to
a 15-cm depth o enconpdss the wovmal 7- o 13-em sepding depth.  Four
sires were randomly selecred in ezch L¥esrmea: in each replication at
each zacpling. Samples weto camet che [irsr day afrer a rainfall of
[.25 oz ar grearer, chen ap 3- or 4-Jday imcervals until the next raio-
f2Il. The data Teportod here were eollegced duriag o 34-dar peried
following & rainfall of 1.35-mw. Gwo raip Eell during these 34 days,
ang data collegtian was stoppod by whear seeding. Tae seil in the z2ll-
and reduced-riliage treatments had been tilled to the l0=cm deptlh 8
davs before Che vain aod rooaiped weed Lree doring the 34 davas wichouwr
adgitional tillage., 5Sodl water disttibutien in the 15=cm =oil depth
19 days af<er the rain wac compatrable to the warer discribasion ang
day befare the rain.

RESULTE AWD DISCUSSTON

Dews 1, 12, 19, and 36 after the rain were selecred ce zkew the
inicial & major soll wacer changes between samplings. Dmitted samp=
lings Fic wallormly Lenween choce showm.  Eertween 1 and 12 days after
che ¥aic, s0il warer decreased drastieally dio che cop 3 cm of zel]
fFig. LA, ¥, €. The derrrage waz grearast for che all=tillage creac—
canc. Sooe of the warer losrs frox the ten 3 em of soil wedeskiadly was
radiarripured becaunse 5021 helow the ¥=cm deprth showed ar ircreasze [or
2]l crearweacs. Howewver the larpect loss was due bto surfaee evamorarcion
duvioy L[irst-scage deving. Epviroomental eraporacien poteatial was
high duripg this time and water in this depth was available for Elow to
the s0il subfase. S0il water Iogs botween 3 and 9 em was graacer thaa
the incresase betwesn ¢ and 15 co far ezch of treatment- Evidently
gome watar mwoved imko the soil Belaw the 13-cm zazpling depth-

Aemweer the 12&h and I9th dars, the sedll dried to & depth of 4 om
iz che all-rtillage +reatment, but t& emlr 3 o= ie the Teduied- and na-
tillare creatmeckts (Fig. 14, E, ©). The all~ and reducced-cillage tweas-—
mants lest S00e waiory TAvayshaut the li—-e3 gampling depth, whereas cha
oe-tillage freatgens had oo change in water contect below che G-
dapth. Water loss Helow the 4—co deptlh i the all- and reduced-tillage
treztmenta less deczeascd bBocause =ore of the watoer had to move Coo coe
eril surface as vapor.

3y che 34th day afrer the raino, the rop 2 ot of zodl of &1L treac-
mexcs Bad vne same soil water comfent {Fig. 14, B, C}.  Below chis
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depcy, Sowever, the Treatsents differed sirikingly. The all-=tiliage
craat=eEnt was dry co & depth of 11 o=, ohiich was the d=nth af the
deepest tillage operation perfctsed dering tne fallow saricd.  The te-
duced-tillaze creatmen: was dor to 7 cm and the ne=tillags Treatsenc
wis dry a onky 4 cm.

The length af tize after the rain thac the =zoil water content
witg 0.1ld cnfem ar #reater {the warer cestent needed for seed gercino-
tion and Initial growth) in the 13-em goil depth is oreseated din Fig.
0n ¢he 9th dar zfver the rain the warter content ef the tocp centimueler
af soil in the allk- and reduced=tillage :Yeodatments dried Lo o watuer
eemsent of 0.14 pefen. With che nmo-tilZage sreatzent 12 dave were
requited fo dey the top centimeter of zoil 0 o water content of J.14
eofem. Tae rate of dewing in the ali~tillage treatmect wus wlmos.
linear from the surface to a dasthr of 13 ¢m betweoen the 9th and 2Eth
days. with reduced- and ne-tillage treat®ents the Increase in depth
af dvving was sloaw until the 26th aod I0+h davs, respeciively, whoen
a tread toward rapid doring to deeper depihs was noted.

| B

The data in Figure 1 clearly show that with the all-tillage freatl-
=ant, <heat would hawe had to be 3zaded at the Y=cm depth during the
first 22 daye after the rain. INowever with the no=tillage treatoent,
it courd have been seeded at the Tecm depsh during 36 dawvs aiter the
rzin- Ar the time 3% seeding oo the Jach daw after the rain, the 23—,
l2-, and V-ca soil depths conzained sufficient water t0 Ferminate wheat
and suppert initial growveh for the alle, reduced-, and ae-tiliage troas-
Tanls, rospectiwely.  all treatments were in third-stage deving ot this
time and axl water =oved te the s0il surface as wapor. The depth af
vapor =avenent would have been 11, ¥, and § o for the ali-, reduced-.
and mDo-tiliage treatmenzs, respestivesy. Obvipusly, $illing the sols
created condi<ions thaz favored dryvineg deeper than where na=tillage
was perforzmed.

Curing the 34 days following thoe rain, =easured water Zosg {roo
cne Z53-¢k gazpling depvh was D070, 2034, aod 2085 o= for the all-,
redeced-, and ne—tillajge srecarzents, respectively.  Warter loss Zuring
che 34 davs was 348 loss fraz the mo-tillage trpavzent chan Lraxz che
all-tillage trearmoecy. Water evapocation from a 0. 5. Weather 3ureau
Clags "A" pan during chis 34 dar perdad was 6. 99-gmx.

3rall aoaunts af residus on the $0I1 surlace will effpevively
deoregase ovaparation during the fivst-stage deving {1, 2, 37 buy large
quantities af cesidue are teguived o save signiiicant amounts of scoil
water {ar any extended time. At the time this Ia-dar deying cyole
ooooryed surface residee had been rteducad to appresizazely L2060 kp'ha
on the zll-tillaga treatoenc, 2200 kofha on the redoced-tillaze treoai-
ment while 3700 kgfha waz present on <he ne=tillage treatment. whure
cillage had been performed the residue was ail £lat on the sl surfdce:
on the me~tillage treatment, 50% waz still stending. Thus, with co-
tillage, sufficicrt residus 2dy have beern prosent, boch flar and scand-
ing an the soil surlace to effecrively decrease durbolecr cransfer of
watoD wanpor to the armesphetrs, thoereby cEfeccively doergasiog dopoh of
s0il drying Ter a looger Lime.
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CORCLTSI0ONS

Following exteuded periods withoor rainfall dutiag Lallow, Che

eliminacion or reduction of *3llage will reselc in & higher so0il waters
coanens nearey the 301l surface thon <here ¢nly tillage is used. Wiek
whe nigher s9il waler content nearer the seil surface, the depth at
which seadiaog oust be poriormed 1o dnsure podd ferminaticn and initial
grewtn San bo reduced.

I

Literature Cired

Sead, J. J. and ®. Q. Willis., 1949. Soil warer evaporasian:
Surface residus rate asd plzcemeat effeccs. Soil) S¢i. Sag.
Am. Proc., 33:445=44%5.

Goond, J. J. aod w. ©. willisz. 1970. Soil water avaporation: Firskt
stage drying as influenced by surface residue apnd avipetacion
potential, Soil Sci. Soc. Am. Proc. 34:9X4-02E,

Eond, J. J. aod W, 3. Willis. 1971. 3odil water evascrarion: Leog-
term drying as influenced by surface razidue and cvaperatiom
pocencial, Spil ESci. Soc. Am. Proe. 35:034-0387.

Gzek, B. W. I974, Yield respomnse ta Tall weed contrel in oew wheat
acubsle in a Tallow—whear rotation. Prog. 1974 Cole. Crap
Proc. Imsc. Qolo. Zoage Unlv. p. 33-45.

areh, B. W., 3. E. Sedka, H. F. Weedruif, and C. J. Whitfield.
1974, Summer Esllew iy the Censyal Gecat Plains. <hapt. 4,
p- 51=85. Yao: Summer fallow in the Western Unlted Stazes.
JSDA Cons. Res. Rept. do. 17,

S=ika, D. Z. 1270, Sompey Falloaw for drrlznd winter wheat fn the
semiaxid Stedt Plains.  Agrom. J. &8F:15-=17,

Sedka, 3. 2, and G, 4. wicks. 1968, Soil walter storage durisg
faligw in the Central Great Flains as iaflusrced by rillage
and herbicide tr¥edtments. 5Seil Sci. Soc. Am. Proe. 32:591-
FO5.

Wicks, G- A- and I- E. Sgika, 1973, Chemical fallow iz & wipcer
wheat-Taller rotation., J. of Waeed Sci. of Am. 21:97-102.



SOIL WATER - om.2em
2 0,1 [ % 0.
g r T— T

w -'I II
i ' "_ Cupll Coy =
v - -
& Co ™
LA -

~ !

SML WATLER —cm-ch
a1 oz o3
1 - T
N NT dna 1 -\.Ii
- T 1

-_H_H

g

L=l

' -

' e 7 = =

OEPTH =cm
Fo B
aligi:?lrﬂummnwun
—

- .- . 1
w. B . .

i

SQ WATER —gmicm
-] nl _ 0.5

T v
1 1 )

L e z 1\\_

t
[ - - R [zr I‘“‘“.I

Loz TA e p
.. CapiG o,

FIGURE 1. Sail watar content in top LS
cm of soil on days 1, L2193,
and 34 after a 1. 35-¢m rain
fer all-tillage A}, reduced-till-
agelB), and no-tillage |C}
fallow treatments.



DAYS AFTER RAIN
1 5 912 19 26 34

0 Y
doA
2| > O\ No-tillage
3 \x N
4t '
E S
L: 6 Reduced:m
= 7t tillage‘fﬂﬁ\l
E 8- All-tillage -
W et \
a 9 ‘
10 ' \
11F Y
12} -
13} .
14}
15+

FIGURE 2. Days after rain when
soil water content of

0.14 cm/cm available
for seed germination
and initiat growth in
the 15-cm soil depth
for all-, reduced-, and
no-tillage fallow
treatment.

176



The 7:h Comfereace of the Intemationa
drganizatian, Mweden, 1976,

EFFECT DF VARIQUS IRPLEMERTS FOE
FROGPERTIES OF VHE S2IL AKp FLELD

Ly Soc.dr Boriis SpasojeEvic,Frof

I 5zt Tilla

LANL

JF COER::

Ce Ui

GAS

o Fiwgisn

gt Research

e O FEYSICAC
nu =1 = -

EH:Inu:LH

CETROV L,

Praf.dr Petar Lrezgid, Ucc.dr Yojin Gobrendy

Faculty of dericuiiure, universic

ACSTRECT

¥ oFf Loyl

Sad,Pugesiavil

T IEGF=E70 om gRepnepes 20florive & Tleli opore-

FlbEnd WJEDA TATIS G085 SHPrIOY GuHe UTIE Dus D Louge

Aivz ceptas (I3=:0 oro S0=830 and oarna O omoihonlr o f

prﬁ—plﬁ%?ﬁﬂg pre;¢ra5§5n fdisafng, E?emraiiiny,

tos PHliimgs, Fdua—Q6RLy SAa FRIDT-mulgass),

-~ Lz o R Y Ty - -~ x T =

wh e SOGFLE PR e EQQ; huUbh:rgavhﬂﬂb LrmE L A

Iowtng TOonciudToRng SoidF LOdw Peafadus o8 SoEitouy

mAXELOOl SCIL DTONSPITES SWG bRz DESE Sonat ITend

For molze sbouing cGuic D SLiaTHeL i kDinh Saob

TrE=nIANTIAS IMTLEMERT Tor THe mro-slantivgs rreno-

racien wEiod rrsdicfs FACAF [mobters, Sow—oominoard

Fufl LWad Frd TRSLETENT SRIsd TReriofd Fen nifedd s

runfepr ©f AGrFasie. Flancs ang noe Aatgaent sigas

&f medne gpradn £ar oan e gLr o azisiuncTiens,

I 1V 52001 00

The phnvsicel prDrErt1E5 cf trme soil, priparily iis
fompaction expressed tircucn it wolupe weignt, Lbeaw greaat
1 . - ; 1 P - 1 T . - -
inflaenge o7 THE sCil frcd t1a1kﬂ Lnevdt, V¥, orownin,

. e ' T g .z - - [N -1 = .
cevelosment ane m.ent svyeld. PTougeang deokis, gifforary
iaslenents of peeplanting rvtparatict, Ting ang mothoozs of
whpse Taplenents stey affect dafferently on s5o0il ohrsical
procerls iBE. peRCE, Those Fru-;]entfﬁg JoaplEilEn 18 aaxve Lo
e chotern for ore-placzing whfon socamp iiag T 2730280
semibzr o EiElLents for o ton o yLsaitiy pro-planticg prvooavee
LiGh.

Juozesic of tng feivithoof Ezrauea{1ﬂib,' FARA I |
froi FedSl ch eFiluats 3 restiivs ressticn oF corfzic fo-
Fued s was Fou<e S 0 ZIrSnter SC1: Zo3227i00 capeciali_
LR TERTIRD TEger wipstaing oo 5107 DXie.

The @il ©F Quy InWEETagaLi0rs Lis Df Ewiaoon Lold
ETFect of Twd ploccuing ey lis Ele ETIGLE [PE-RIANLY NG
Taplerents e tie 3001 conzatiicrn and meize Fioii anlier

Figlw cancitignsg,



CLIMATIC CORGITIONG

1967 was vre of the best year for maize growing
with respect to the temperature amd meisture. Juring the
yezetation period, from EV to IX manth, 9t was 463 mm ra-
infail with plenty of winter maisture sepply (90 mm) and
gharaant rainfall in June (140 mm} and July {169 mm).

V9E8 was oné of the poorest year for maize growing.
wuring the vegetation pertod it was aonly 250 mm rainfall
which together with winter noisture supply 64 mm z2mgunted
tn 357 mm, and the potemtial evapotranspiratian ko 48% mm,
Consequently the moisture dificiency was 142 am,

1969 wag niddiding for maize productior. Juring t he
vedefation period there wasg 33E mm rainfall which amounted
toc 335 with the wirnter poisture supply of 53 mm. Potential
evapotranspiratian was £7% mm, Hence the moisture defficti-
ency was %0 mm. Hawever, thii defficiency appearsed mostly
in time when the meisture maize need was reduced hence the
reduce of naize yield was not greatiy affected,

in 1970 the soil was supplied with sufficiant moig-
tore during the whale wvegetation peripd, Hence the so0il la-
ver of 0-80 cm depth mhad over 20 maisture weight percentage
during intensive growing and tasteling until the middle of
Juily. .

The maize yields in expérimental peériod depended on
climatic conditions, agqrotecanical measures and number of
prodactive plants por area unit,

M ET HOQ DX

The ¥field experiment was carried Qut an the cherna-
zemh 5411 type of good phRysical, c¢heéemical and bLiclogical pro-
perties in wheat-maize rotation.

The following variants were examined: 1 - Floughing
deptns: a) 15%-20 cm and b)Y 30-32 Em; 1I - Pre-planting pre-
paration: a) discing + harrawing; b} discing + one roliing
with 1000 kg weight; €] discing + two rollings with 2000 kg
weigity d) Rau-comby: e) Pulvi-mulicher [Kongsktide), Compac-
tiar af planting layer was performed before planting. Ferti-
lfeirng was carriege cul witin 102 kg/ka W, B4 kg P205 and &%
khita KED in standard syster.
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The planting was perfermed with sewing machine
TU-SKEPI-4 (&.¥.1967, 24.1V.1968, Z23.IV.1969 and 7%, 1970).,

During pre-planting preparation the soil moisture
of planking layer was near the field water capacity as fcol-
lTows: 1967, Z6¥, 1962, 18%, 1R6&, 23%, and tGT0, Z5% weiqkt

percentage. Tae soil samples were taken with 100 ¢m3 metal
tylinders per sach 10 ¢m depth in & replicants,
The size of experiméental-plot was 3ZE mE, Singie

cross hybrid AS30-70 seed was used for planting.
RESEARCH RESULTS ANOD DISCUSSIOS

Data of volume weight per soil layers and maize
gqrafn yield per year examined are presented on table 1,The
data indicate that the volume weight was igcrcased by Lthe
incredse depth 0f plaugning and 1t was wery different with
diffarent pre-planting implements.

The aptimum 50fl volume weight on the carbgnate
spil for maize amounted to 1,2-1,3 gr.-"trr-3 (Atamanjuk 1671,
fevljagim, 1963, Grinke 1968). The sameé authores found that
the yield was incereased by the compaction increase of ,96-
1,2-1,3 gvfcmE, however the values below and under these
factors had a negative affect on the water- air requirement
of the %01l and the height of yield obtaired,

According to our investigations the compaction va-
riant {(Rau-rombi) by which the nhighest yield was obtained,
was in limits 1,14-1,34 grfcmg; however, the other pre-plan-
ting implements: kad Tower or Righer compaciion and a: a
resylt in both cases: the yield resylts were lower,

B ospecial Taw yield was noticed with "twa rollings"
at there ﬁas a high volume weight [from 1,.3t=1,47F), in the
layer 0=10 cm which hindered germination and the numbaer af
seectings.

Bicc-narrow used as a preplanting impiement has
not proved adeguate as in layer 0-10 cm it left the so0il
very loose (1,06-1,14 gr!cmaj, which nad a bad effect aon
the yield in 15E9.

The data indicate that there were no such regula-
rity under fiela canditions as in modei experiments obhta-
ingd by Kayacew = 1972, Treljakovy - 1974, Vasilgey - 1SES
ana Revut - 1052,
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gt

{g9/ha)

Tah., 1 Wolueen weight of soil [gﬁcmaj and V1eld of Corn grain gfha [elth 14% modsture)
(Floughind depth - 20 cm}

Depth Biseing 1 rolling 2 rqjlini ) hHU‘CUmbﬂ' Pulvi rulcher

(em) WP B, e, CFO. 'eZ. 'GE. YBA. PR UG7, CBE, 69, 'Ph. 6B,  '63, ‘7D, ‘BB, '6d, ‘7O
Deidem 100 - 1,00 1,04 1,27 - 1,28 1.2 1,47 - 1,32 1,38 - 1,29 25 - 1,21 1,2
10-20 em 1,23 - 1.9 1,28 11 - 1,32 1,40 1,47 - 1,36 1,47 - 1,36 1,36 - 1,33 1,40
Vield 31 - B3 114 88 - o0 4D 89 - 74w - i 114 - 03 11e
{g/ha} — e _— —.

(Ploughing depth - 30 cn)

0-30 cm 1,43 1,06 1,07 1,02 1,31 1,25 1,30 1,35 1.38 1,31 1,32 1,38 1. 1.26 1.25 1.46 1,30 1,28
10-20 e 1,23 1,29 1,20 4,23 0,37 1,35 1,37 1,36 1,40 1,37 1,38 1,40 1,32 1,36 1,3 1,40 1,34 4,348
20-30 ¢n 1,28 1,34 i,é% 31 1,45 1,37 1,38 1,39 1.4% §,39 1,40 1,471 1,3 1,40 1,40 1,44 1.42 1,40
Peld ey G s 1z 83 e 86 M 7e 69 77 07 ¥s @ 1z 72 77




Table 2, shows the data of grain yield and nuncer
of marvested Maize cob depending on ploughing cdepth and
pre-planting implements.

The data indicate that very diftferent yields were
obtained per year depending eon the ¢limatic canditions ang
numaer of well developed pilants and last o0 the 5015 cor-
pacticn.

In 1967, 1968 and 1970 there were nd significant
differentes in yields obtained between ploughing degtas.
However, there were Significant differences between pre-
planting implements each year, Taus in 1967 the highest
yield with disc-harrow was obtained with 29% prodability,
In 1268 the highest yield was phtainmed with Rau-combi
Whereas discing and one rolling praved significantly
pqufer performence.

In 156% the highest yield was obtained with Rau-
corbi {91 gfha) and the greatest number of Faize cob har-
vested [3% BGD plants/had, The lowest yield (7% gfha) and
cmallest number of Maize cob harvested (25 3G0Sha) was
obtained with two roellimgs. That is fully understandable
as Wwith that variant in all layers and both depths the
5011 compacticn was the Righest ranging from 1,32-1,42
gv;cmS, Consequently a great number of seeds was left on
the 2o41 syurface, but aven for the seeds planted there
were nog favgrable candditions for germimation because of
less pare velume and air, wunfavgrable conditions for ger-
mination, shooting, growth and yield delay.

In 1970 the highest yields were obtained bacaute
of cptimum moisture throughout the whele vegetativa period
and the greaztest number of Rarvested plants. in this year
ten the highest yields were obtained (119.7 gq/ha} and the
qreatest number of Maize cob harvested [45,600) by using
tke pre-pltanting implement Rau-combi. whereas the iawest
yield [1402,2 qfha) and the smallesi number cf plants
(36,500 were obtained with twe rollirgs, The differences
ware proved by sver 993 probability.

COKCLUSTON

fin the baczis of the four yaar examination 4n Coerng-
zem 511 thne following canelosicn has heen reached:
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reznaration on Yizld of Corn craie {gfne) and

eTaer of Corn cobfna FR30-F0

Tz 2. pfferct of pleugning denta, wetsed gf pre-rlamting

Flouz- Pre- rTear:s
A1 ola-
depti  ting 1567 1480, 1563, 1373,
E‘Tf Y P 5 ) Y () B R ) R PR
[~ _ &m .. Plar- = , Plan- 5 .. FPlan- = Plan~
?gTb B OAD ts/ha X AR tsfha L AE t5/na XAz b5,/
o a4 - - - o @ 114 42 -
R 5 - - - o0 34 195 4
13-22 2 v 81 - - - 73 77 &7 34
ac - - - - Lo 37 118 L1
53 - - - - &1 e Mg 43
YA 85 - - - 2 13 M 41
Tt 19 - & 37 84 35 113 43
1 v &1 - 4 35 Be 37 104 73
Ja=3c F W 75 - &g 37 77 240 137 kT
AC - - 75 38 g7 1 121 45
55 - - T2 35 77 3 113 43
XA 83 » B4 37 83 32 12 3
T* i - - - 23 33 113 42
v £d - - - G 33 W &
%3 2 75 - - - 75 22 102 a7
ac - - - - 51 36 120 4%
35 - - - - £4 2 113 43
63 1% &2 1% A4 1% £ 1%
LS o A2 B - - 7 b 5 5
3= 7 E 3 11 1e 7 &
an 3 i - - 13 17 10 t1
T" = Mac-narrow
1w =1 ralling
2% = Zralling
A0 = Rau~combi
25 = Pylwt rmulzher
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fFor pre=-planting so0il preparation for maize those
pre-planting implements should be used which pravide the
optima physical soil praperties and offer conditicns for
gpfioma planting depth, sheoting and growth of the greatest
nunber of cerminative $eeds planted. Hauw-combi krinpler
was the implement used in our examiraticns which proviced

all those elements.
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Evalnaiicn of physical properties of eyltivated layers for
the comparison of ¢ifferent tillage trcatments

. Spoer, B.J. Godwin and I, C, Tavlar
Mational College of Agricultural Engineerieg, Silsoe,
EBedfard, Eneland

Abstract

The paper outlines a technigue, ased on the use
of lazge {350 v diameter) undisturhed oil samrples,
for determining the Impoxrtaot s07) physical properties
which imiluence the mioisture status and strensch of different
swil tilths, A photographic method {or tilth definifion and
the determination of clod size distributior within a profile
is distussed.

Introduction

In the Tnited Kingdom, siznificant yield increases
may be gained from the tmely sowing of mmost crops,
Due, however, to the nnfavourable ‘ngistore staims and
strength of the 0!y, spring sowing fregquently takes place
after the optimwn date.  lnvestigations are progesding
a2t the Maticnal College o deterrnine the affect of differcaot
autumn tillape rveabtments on the workabilite and
trafficability of the scil in the following spriag; a wide
ranpge of tilths are being congiderad,

The sooneTr 4 cultivated soll approaches a moistere
content close to the plasiie limit after rain, tne eatlier sewd-
bed prepararions can bepin, The fitce reouired for such a
change ro pocur will depend upon the overall drainage
status of the profile, the drajzage rate in the cultivaied
layer, the Eeld capacity moisture content and tne Tate of
meisture depletign recsuiting from evaporatiorn, Tn many
agile, field capacity 15 nsualiy alowve the plastic limil
and therefore, the smanaperrent objectives skould be aimed
at roinercising field capacity and maximisiog the
evaporation rate.  These aims will also wereaze 3oil
strength in & piven prolfile.  The mair phyzical patdmetar s
raguired tv evalyate differences betweesa tillages [regbments
iti this context are soil density, volurmetric maistere
content, moisture content/suction relatioaship, profile
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drying rate, and the s0il strength/suction 'density relationship,
This paper describes a Yechnique which 15 bejag used to determine
tmese paxameters and it inclydes ooth field and laboratory
reaxuYerrments.

Molsture status and soil stremgth evaluation

The size of sample required @ ansure represfentative
sempling is lazge when very ¢parse tiltha {eled size up to
150 pu diameter] are considered, 'In situ' medasuring
techniques for moisture content, suction agd denszity showuld
pffer advantapes, but there are significant calibration
pravenrs apd difficuliies in accurately monitering the
confitions close o the gurface. The resules obtained {from
field piots are dependent upen the wenther patternsg in that
particular season. The weather, gnforbtinately, does not
always provide the range of conditions required. Toowver-
come many of theae problémes and to make optimyene: uie of the
available labour, & technilque haz heapn devaloped wherse
350 ram diarneter, 250 oun deep undisturbed samples are
tolected from the ficld plats,

Fampling technique

The sampling tube (PVC Class B pipe) fitted with a
cutting ring is jacked into the sample area, The reaction
being taken by 2 ¢ross Tear held by twoe ground anchers,
fig. 1.  The sample 15 carefully excavated, inverted to remove
the cutting ring and a base plate inperted. During inversion
the irregular aoil surface of the sample is suppartdd and
peotected with soft packing cloth,  Sampling ig relatively
girmple on cultivated plots, but problems can arisc in bhazd,
dry compact conditions. ©On hard plers:, & eorrbined
katrprmering and jacking action, together with =o0il excavation
arpund the cutting ring assists penctration without creating
sipnificant soil disturbance, The samples weigh up to 40 kg
and & I roan beamn car taxe 15 samplez in & 4 - 5 hour petiod.

Yolumeiric moisture content and density

The volumetric mroisture content and densibr ave
determined for increments of soil depth by cutéing the 501l off
in layers and using a therro-gravivmetric technigue, By
f1eld sarspling At the appropriate time interval after rain,
the field capacity imoisbure content and density can be
detaermined, Surface elevation and rowghnees measuremrsnts
are made in the field neing 2 reliel roeter {Huipers 1957},
allowing overall density ¢hangss with trre b he reonitoved
daW el & larger &Ecad,
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Fia. 1

Sampling
Iouiponent

Fig, 2
Large samole
at sard e

SucdonfmaistuTe Content relxtionsbap

A measnre ol the soil roaisafure content/suotion
relationship can be abtained by placing the larpe sarrgples
on a sand table capable of operating up toe suctions of
lm, Lig. 2. Using thiz technigue, the sample cin be
Brought to any equilibrium suction belweer saterat:gn
ard 1 m» [Haarst aad Swekrman 1965, This sirrailztes the
effvet of different phreatic water levels in the 56
profile, and the total volurnme of water releised over the
differert suction ranges cen be mmeasured,  The volume
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released providesz a vseful measure of the volume of large
readily drained structural porss at different depths in the profile
and can be compared with estimates [rom the density and

iield capagity data. In addition, the wvolurne extracted gives

an Imrrediate asgessmen of the change in field capacity maoisture
tontent which would result from a change in the field water

tabile position. .‘Table 1. illustrates for a sikty clay =oil.

Moisture suction Wolurretrie Moisture Content
medsurcd from of twop . 20 e o
eurfiace Yery coarse Very fine Ondigturbed
m tilth tilth plat
&, 25 . 42 2 41.1
. 45 it 4 e . g4
d. a5 339 35,7 35,4
a, 3% L 4.1 AT, 2

Table 1. Egailibriurn moisture conienl of
differant tiiths at differenl suctions

Pocor contact berween the garple and the side of the
sampling abe has nol proved o be a problem on the cultivated
profiles, Care, however, is needed with the high denaity
wdisturbed samples to ensore there are no large volums gaps
at the sides.

Moistuee fatrangth ralationshin

Soil strength is assessed indirecty in the {ield using
tractor wheel sinkage tests,  The strength of the uncultivated
and [iner tilthe can ba azgessed af a range of moisture
sutlions using the large sarmples on khe sand table, Froblems
arise with the coarse tilths, where the size of the clad either
approaches or ig greater than the size of the measuring device,
&, fi. shedT vane, penetrometer or bevameter,  Althouagh o
plate fsaakape best will give forme estinate with & ¢coarse tilth
sample, field measurements are preferred,

Frofile drying characteriatic

Weork is proceeding on the measurement of water
diffuzivity of the profiles at differvent volumetric maisture
contents, to estirrate drying rates after field capacity kas
been reached, The sand tables are used to bring the large
sarmples to the reguired eguilibriure moistgre suchion belore
tne test,
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Thermral properties

The thermal properties of the tilths are measured at
the diffarent equilibrium moistire suction values during the
drawdown procesa on the eand wmbles, Three ssta of five
thermocouples are inserted through the sides of the well
lagged sarrple (ube at the appropriate depthe and the
thermal diffusivity catimated uaing the method of
wan Wijk, [Wijk 1963).

Tilth definttion

Com af the mogt ucaful ways of defizing & tilth for
gEcitntific purposes ix to define it in terms of its porosity
and pore size distribution and it physical properties.
However, this definition iz of 1litde value ko the farmer
whe hag to produce & specific tilthk in the field. Tilths
are frequently defined in terng of clod size distribulion,
the distribution being determined vaing =ieving
techrigues.  Sieving f{ends to be time consuming and
difficult, particularly wnder wet conditicns and the reaults
aTe sometirmes very variable. To overcome zoarme of thege
problems & photgraphic fechnique is being usxd where a
grid of standard dirneneiona ia laid on o the 3a01] gaurface and
a phatopraph takep from 2 standard heipght, with the line af
gight perpendicular to the surface and the prid, fig. 3.

The phatograph can be anilveed to determine the clod size
distribution [(Mellist 1961}, or compared with a series of
standard photegraphs of ¥nown ¢lod s1z¢ distribution and
ranked according to the coarzeness of the filth. The use
of steven pairs of phetographs has helped in the zmalysis

of clod size distribublisns and in micro-reliel studies on the
soil aurface, [Spruijt I9T74h,

This photographic technigque is directly applicahle
b the zgal guriace, but can alio be used for the assessrrnent
of the vertical diatribution of clods (Spruijt 192¥4). For the
vertical distribution, & sloping profile, approximately 25°
bo the horizonial, 13 carefully prepared by hand with
mimiteun: disturbance of the clada, o abow 2 Teprasentative
distribution of clods with depth. The sloping profile is then
photographed with the line of sight perpendiculas to the
surface.

Table & allows the compariegn of the photopraphic
method with a sieving method for assessing changes in clod
size distribution with depth, The photopraphis technique
for clod aize deterirination is most satisfactory for tilths
tontalning digcrete clods, such &3 those freshly coltivated,
The rmethod becomes increacingly dilficult o use as the
clads weather and sottle.
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Clod Sicwving Photo Analysis
fractiorn 1 z averape% |1 2 avarage T
»le in 20,1 24, 3 233 22.1 20.5% ZL. 3
X - % dn 19,9 13,7 19, 3 0 T - R N |
A 3¢ 15,8 18.&  17.3 14.1 152 14.7

<%y in 44.F 33,0 411 46,7 49.3 47,9

Table 2 Clod #1ge distribution io vertical
profile
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SLEBSURTACE DRATNAGE, TILLASE LAYER JOMPACTARILLITY AMD SOTTON RESPONGE
T} SEZDEEZD COMPACTLN TN CLAY SQLL

Baulen rteinitardi
Insg. of Soils and sacter, Apriguliural keszepren Qrgasniracion,
Bet Dgpan, Losrae!; lonreibution wo 135-E, 1374 sevies.

ABSTRACT

Bubsuriace draicage of che cocton szedbed in 4 semi=hwwicd clinate
is assured £o ¥veduce che vesartliag of (he cilled scil durieg wianter,
and ies pompastion dawing seadbad mrapawacion in ssring.  Thne Zatter
assuxpria? was cented 19 a0 irrigaced=corttonr experiment carried eyt
mder "wer sarlap' pomdiriens, io ) drgdised and 1o oas endraioed block.,
0il cempacticon was {pend ceo be a fencfioe of subsurface dralpage and
of surface dryicg coxdiriets; the rhecrey ef its depeadeace om =il
Vater sucktion was recoalicmed, DJepth of tie dry surface lavere was
found to be an ¢asy measuratleé parazpetoer Wnich mady Serwe 6 charac-—
terize soi) draimape z=d compactahility corditiohys. QCetton respeonded
te compaction bopcarh wneel traces by a change 20 rave and Sharacter
el growth, similar te its respeonse t9 plant stand, Subsurface drain-
age resulted therefere in garlietr ripéning of The cotfan and a some-
what aigher liot sercentage.

I3 RODCCTION

In the northern wailevy of Israel the clizate [5 semi-hnzid, with
GI0-650 mwon winter rainfall, The tain crap 2s gatian, poznied during
the fivst half of Azvil in a saadbed whizh had been prepered in autnmn.
Farmers claim Zncredsed cotion wields due to sub-surface drainage of
thn I.‘I,E:a_'-,-_r'.' g'l:l.'.ml.,:ﬁn:.h_'l_ sp'.il:.', bt ana.]':ls‘is of rainfall=draioflow da<ta 1_'-:,.'
Seeinhards et gl.(19%2) haz chown thai there exists aalv a 995, £35,
a2k and Li% chance of ecbialning a signiiizanc drainflow during che
TONLOS Jaodary To Aaxril, resgectively. This situation almose excludes
direct effects 2f subsurface drainage en cation rields.

Tee quantitative analvsis of rhe pessible mechanis=s ¥ whizh so2e
surface dralvage may affect, directly or ipdirectly, cofzon yiell is
tne basic prarles of qur resesren; los solurion =ighe lead cowetd 4
rattenal desiygn cof dratnage and ti.lige aperations.

Hitherta, the "trafFicability approsch,’' ascunlag crascor baog-dowa
in unérained scil, -ras Sugpested as @ basis for gocrcow fleld drainage
design (Wadei,Z349) . 7This appreoach mav be welid In hamid segions
[(Hakansson,l28d; Reewe & Fausew, 2973}, buf i che arep colcarned tralf-
icaaility problews ware Solwed vogently:s mizly By surfagce levelling.
Concatning oursel+wes =i+t szil sfructure rather Chan L3e Lraclkor, W
devclopad the "compactarilitr appraach' fo fae pragbles (Sreinbtzrdt et
al. 1973 Stvinhardt & Trafford,lP¥e; Sreinhazd=,l¥74).  Applving this
Spproach co tetbton, it i assumed that graizage gedirions doricg rhe
pericd becween tillage in auturn and plant e-mefgacze lo sovipg, may
“Ting abous appreciabie chaoges in s9Ll strusture, Io ls assemped chat
g%l waeer suctiicns affuse soil strengsh, wiich ip cwee sountrels ke
tesettling of the tillage Laver and its cocpastebilicy duelnp onloive-
vipn oand vlanting. These structueral changes pay gffect zotten prowt:
and vields direcely znd also indirectly, %y ieiciacicy sabsequest bBic-
tic and phvsical processes within the spil (Bereilssen,lell!. Leong-
tvrm changes in soll structurg =s¥ 2 rne Zimal fulcome, a8 cav Jc
inferced from () drainage expesizZente in humid regions (fee review By
Steinmherdt & Trafford,l974%; Handal et al.,1973); ané (b)) seil zompac-
clon experlzencs (Vomogll pad Flocker 1943},



This "cozsactabilicy apcrcach" may seem abwious to those goncerped
with rcillsage and compacticn in rvelatiom to s50il water ecomsent, hur,
astoaizhiegly, Larsen & Allwmaras (1971), reviewing managezent factors
relatad o Seil comgacrion, did oot evep wentian subsurface drafnage
24 1 manageméet Factor. Steinhards & Trafferd (1974) found that a IC
CTar rise in %eoil water Swetiem, in the 2-20 mhar gange, affected
tillage laver compaction as a reduction ZInm Tractaz wheel pressure of 1
bar faverage relative ¢ffect beneath and beside the fraces). Steio-
bavdt ¢t al. ,(1973) found that subsurface drainags airmast eliminared
cre resettiing 2f a tilled grumusol, duc to 3 roduced duration of
wacetr table rise ints the +illed iaver, from %8% o 275 of B 2.5 =onth
rainy pericd.

The "ecowmpactability approach”™ =was tested In an Errigstes cotiom
drainage expetiment [Steoimhardt et al.,l375), the ¢sseoneial aspectc
and results 2f which are given below. The caifon réfponse o drainapge
and cougaction is described in cssence only, e-vhasizing points of
inTetasT to tillage rescarch In general.  4ith réfpect o £he coboon
croc, it should e noted that fa) corten is rather Lageasiti-e ko soil
aeratizn and ray withstand a few Savs of flogding (Lettey oC al.  1962).
(b) deficient acration oay affect roat growtn witaeat affecticg sacob
growth (Leonard & FPinckard,.946): and (o) irfigaced=cotoedy viclds in
fine-texcured soils are penerally not aifected by tillage and compac-—
rizn (Carter e+ al.,l983).

METHORS

The ewperimenc was conducted in =z commeroial Eisld om S5% claw
grosuccl, in *wo adjoining blocks: ome block dediced by means of 24-m
aparrt .= Jrep plastic, gravel cowvercd, drains (03} ; and oce endraiacd
blaek {UE)., Hime 1E % 30 = plocs weve escablicheéd im each bleck. The
preceding crop was chicrk-pess. The 501l was plowed to a deépth of 33
ow and Jicked ia Aupgusc. Radafall we o the begicning of March was
00 mm, well 2ist=zibured and porc cavsing any appreciacle draicflow.
The sakl was cultivated Suging Mareh, cracks teing marked ewvery decond
plant rovw gpace. The saripg was ynusaally odry and hot. J1Zfererntial
wgt spring conditions wexe escablisied artificially, by sprinklicg che
experimental ploss itk 80 px "raia' 17, 11 and 7 davs befowe olaccing,
Each ireatment was replizated chree ciass per "leck, in 2 Latia zquare
desipgn. +<ocrton (var.dcala 531-11 was placted on 1474773, 11 zeads ser
=, 5 ez d¢ep, in rows 1 o apart, wtilixiep auxiliary tracks on the
tractorE rear Wieels aad o plancer wica Vcompactior whecls exercing
an escimated pressuse of J.5-0.% sac, Tie cros received a sre-gevwina-
tion irrigetion, and £he Sugtemary LW ikterros cultivations and four
lecigacions. Two strips of three plots each, adjacent to the expatri-
sgnzal blocks, served as 2 "dov spring' conrrel.

Onpe day before plaafing, =0il water cenditicns were characterized
Wy =easuTe=ents of (2) soil water svetien AT 13 em dench, wich a quigk-
response portable Lacsiopeter: (B} sei)] wmolsture poretntage in the 3-
lirem  layer; a=d (o) the depch of dev seeface scil {dry mulch)}. About
11 dars afrer vlancing, cillage laver bulk-density, =ater tensicn and
sontent, and alr cencesc wera dacersined velew the seeds and bhoneath
the Tracxs, with the aid of a "Gamma double prebe™ {(cf . Steinhacdr,
1975 Soane #t al.,19%7l}. Ewmergeace, height Zpcrement ,nutrizoon and
vield ¢orponents of the cotfon were notiitorsd, FElants from a 1-m
lengen of Tow weure sanpled ap che end of the experiment. These samples
were oo srall to represent che plegs but, analyzed simultanecusle,
tney were cencidered to =eprasesr the respective blecks. Various re-
gressions pesween plant asd 2ell variables were calewlated for all 12
piers, cispeparding their sepazation ianto blecks. This analysiz could
We migleadiag as differences betwess blocks say ewxist. Stilld, ig ds
cansidared Lo e wntissed, Sfor twe peasens: fal identical wvislds of

G1: 2



catetcn and wheat wore obtained in these blasks Juring Chiree sepsens;
and (b)] identical clay contents and »ulk dencsicies were zagsavred i the
r21lage Javer in the uneompacted corton roe Space af Lhe wo bloots.

ATSLLTS A0 DISCUSSESS

A. Sodl warer conditions at poanting Timc. Weter sugficus (%) of
=120 wbars 8223 in drafned contrall, ang dry Laver depcas [5,r of
C.7=5.3 cm were chtained in accordance with resceeacs apppliad - zee
fig.&. The _imear rogression beiwesn thehe porazecevys was 4R SdEp=
Guhx 072 emfrhar: 3=.66%" ) bue resring ehis gelacionshis seracacely e
the UB aod CE, vespective B walues were BERT and LABR-S. . ihose ge-
sults supgest the £2llowing causal relatieasbips: evaporalion + Hy -+ 3
in che T3 wersus evaporation -~ H; - & + subsucisce dedicage, ie che 2§,
Tne 3-If-co laver molsture percentages was gleont ldenrical ion al)
treat=encs, the svocrege for 20 and U2 beieg 41,8 2% acd 4232 0%, res-
pectivelvy, This soall effoci, also as cemopgred wien 22,73 in cha
deained control, may be explainsd by the mip: clay concear of che seil,
causing a low "Ziffcruncial water capacity .

E. S0il conditiaons ad Lire ai (rerfenca. Eule demsity srofiles in
the rowe are snm In fig.l- Eulx fdengities Taurnd in coe contesl scedps
wore petwoen hase of ehe 1¥- and ll-dav drainad bveacments, suggesciag
chat coil compaction in L3¢ cobtan roW was practically =limicared hy
Tnecse treat—ents. This was nab bBhe czea wirh che 7-daw drained cr wich
rhe undrained froatments, with rhe ewxseptied of che £10-cor deypek ic che
17-daw wadrained treatzenc. In che U2 at a depth =10 om, cemiactica of
the 7—day Tyeal=enT wWas _€55 Than in eicher drier breatments {See alsc
filp.23, A sisflar revergal af che drainege ofiech was chhaiged under
unplawed goaditians oy Sceinbardt & Traffosd (1%74), It may bo assumed
geooTdingly that che '"S-zin' walue wadey chesze ciTowmstances is about
a0 Thar, compared co L1 shay faand {n che wicken elay {of . Stedinhard:,
1974; a highey 5—=in means zn lacreased dznger of Soil puddling under
wer cendltians],

Zesulce benearh eracks were sismilar bto theSe obtainad in rhe v,
but demsity Jifferenpas bapwesn yrazreescs were negligible compared
wish the Jiffevence besween tlogks of 7.4=1,2x10"<alcc.  $oil water
fucrians helow seepde, barn walue: avd Ehely varianoe werse sipgrificantly
higher in the D3 (B3~133 —bar) as compared to ktage U2 (31-43% rhar]. The
rage af alyr comcencs (cefee) was (12=_ ZF in kb D3, anmd 24-.12 in khe
LE .

f. Tillagze jayer campascuniliczy, The rezrzssioes for cach bleocx be-
tween Tillape laver bulk dengizy and § and By were oot sigaificant,
gaoeps in cha row af che DB whare dBIIde=aE.3x10'3 gicc; E=.8%%. These
I#5ulty arc <isgppalacing, buk rach2s expected woend taking inte account
tne variabilisy of the dpainage cendigions applied. The game regressicn
calculated far Sath blacks sloulrasesusly are preseataed in £ig.2. These
TESULES may be cozpared wirh chose abncainmed oy Steialardét & Traflerd
[L374) im & plowed elsy soll, 5y weflizing toe Telationslips Debdeen
guctisn and oearing capaclrty fevelosed by Sreintmards (1574}, e esti-
wate wa waluer: {1} *he relative value of tig Seacicg capacity—scetipn
Facrar Mgy fro= che difference in the plascicity index (23 in che
grumugas, 8 In the wigken clar) is 545, it &ejmp izplied cnar mede of
fai uve, shaoe, depth and fesaturation fectoTs, wore fimilarc: aed (L)
the 2E7d4% waiue far the wicwen clay from £2& experipental cesclts of
AnSdS and JES4D is 3.33x10-3 (Deaoy ﬂEﬂEi:g}, and sCrive 2t Eae pre-
dicted dESSE for the gru—usal gf =1L .653xl07-2. This walue is closc to
the ranpe =f 1.3-1.6xi0-7 zcrualiy obtelned.

D. Loop-term Structural chamges. 1 preliminary measurenents, wilos
hawve 5ti1]l %o oo werZificd, the plasticiiy ingex of che s50ll decersnired
after tine erxperimént, was found to bée zppreciabily lower ia che U3 as in
the DB, Cotton plants in the V8 withdrew —ore warter iro= tie soll due
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Flg. 3 = Effecr of crack density (8 3 Tig, 3 - Swerage valuos per

and drained {3} and uedpgipad (B3 cample af (a) oode no. of first

¢ondicions: §a} planc hedight oo Jthe Clos-et Beanch, f5) gir-drv stem

25 =znd July 24; (b} welarive yield ar weight, and (¢} air-2rv Sranch

garlr silcXing. {Fical wield=30lexg/ne + leaf weight, 28 functions of

=l0%; C.V . =g, 4% ,) the coitgn planc Sezmd znd of
drainage comditione.
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bulk decsicy beacath tracks-E.nlce gatIon Alalts per l-no fow

ta differences In roating and 4 lexgar growing pericd - see aext para.
Thevefsre, the dtcressed plosticloy =ighr e an indirect effect 2f the
drainage (cf. Warkentin § Rozazux 2561,

E. Cotitzn growth and +feld IES0ONEes Io =il condibiods . Conbgl Tos-—
ponse was analyvzed by regrescicn te soil varlables az slancicg rimae,
The reculisz for twe plam: pareseTers are %hown in f2g.3. The gereala-
tioas betwesn relaiive caviy yield and other varigbles were (240 .73
with §, .79 with 4., (B8 woth W_, BB with ¥z, and .65 wizh 3_. The
iguer correlation with &, of .87, as well as othwet results (ses Salowd,
suggesr thac planc respeonse was mainly a function of trace cozpaoiion.
AL excesrion was & retardation in rate of emergenmze which could Be Te-
lareg “z air cpotent im che raow fcf, Steiohasdy, 197V3). Firal wielss

ic cae bleeks acd the contvoi strips wi-e aleest Idencical. Sut, dus
to tne differearial time of ricending the welghred TinZ percentage in
tme D% was 33.4%, ws. 37.38% in the U3, a small boc signifiganc Jifles-
ecece, Wirer content in cne tillage layerc ca the uncampacted side of
the cows (Euj was found to be lower, toe Digner the cozpaciicn on o=

Ly:g



cLABT side; dﬁude==-_52; =66 Alchough thls 2esulr has nor beern
verified direstly, it sugpescs gresrer voor peclifecarion as a ecnmaen-
sation for the unfsvorable roor gyoweh coedicions g0 the other side of
the plance.  An equivaleni rogR growrd resporSe was chtained by Tarlasr
& Burmetkt {1964).

An interescing lagighc ioig the pessible causal relaciznshizs is
23in=d v che analvsds af plant samples, mesules ar which are showm
in Iig.4. Tae ideotignl branch=leaf weight vespanse to plant stang
{a rardem variable) sogpesce that therve was ng Jlfference in shoor
competirion Eor 1ighe berween che VB and TR, ag alRa Eupgected by Chne
uniforn fiszai wields, In gaotrast, the differences in roccpomse of the
main sgen devalcopment pAramEteTs ta PLanl stand Suggess quire glessly
that cozpeticion between ooy of adiaceant planes ig similar in effect
o 532l gampaetion, UO=é¢ has only te f0ifc gRe regressicn lines Eor
the UE oy B to & plancs per = 1o che sight, oo 3ea the sipilaricy wich
the height respOmAe £o B, shoem in Yig-3a. The eegelts of Greacan
et al (190085, demonscraring ehe difficuley eccovsrarad by rosts Cering
ta enter gompact 50il8 af Infidence asglesn greacer than 43%, and the
assuzmprior ol 4 georrephic effect oo roclk geewth, explain the rather
hiph Reasiriviey teo eraci compactien imolied.

Alehougn fimal cefren yields weore aimest Sdemtfcal it should he
poasible Lo assefy rnose civcumstanses in o which yiplds will JdFfeyr
aporeciably; chag Qs the civoumStancos in which cotton plants will noc
e anle o cbarge chadw rvate and nede of dewnlapwent vichouwrs vield re-
ductipn. Cefrloigneims 20 tulrient oT wiber fapply, and AR iasafficient
growth perlied, are obvicus éxemples of Widespread occurrvesnce. Tha
coaim of farmers that coston »ields respond to sudgurface deéaiaaze aas
this b#en warranted. rFollowiop some addiciomal wésearen it sieuald aot
be Toe difficuit to predict this responss guanbitacivelw,
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2t Iwen £20ut Trhe mariine walst Rog todn fowe oDl witkin
0T reggsavok wordg and willd uas poen festeq last wvear for

ToR Jiss vhome, Uhe aain reassn for develoTiDE S2i3 Ia-
grime was the seearcan for an opTicun aethod to imsert Straw
=z The seil, Tecauss this is = topical sunject in Ger-
mEnT 3% Tr2senv. Coes zan s53F tDaT STraw is TrXOTer.y Is—
serTed invo the soll woen ozlyF very small cusntities of
ztraw remain oa the s2cil surface. Under conditions of well
irsarted straw inTo vae =o0il, probleds Erisiang from =oed
A-i” 1 azp whadich would follew Tthis Sliouzinlesz cuplvivation
are unLikely to cocur. Ales The sTraw iz expected To de-
cay fast to aveid a deecrease in crop rFiclAd.

Little inforsstion is avali_able on Tas desth of straw in-
serfidn iaTe the soal and on the caxidum ztraw concensra-
tlon izm the 50il as fhey arve affedted BF varlous paTape-
t2rs such 25 s01l z=nd alimatic condiitions. Some experiments
have Bwen carrisd ocut oo stTaw desay. The results of these
ENGEerimnents Nave Deen ussd =2 the bisis for the develop-
nent oFf The macaine. The results which sre important in
tThis ganagestion BRTE given ip Ficuce 7. Tals figure shows
TndT tThe greztest anoant of scraw Secays when vthe straw is
und foraly Irserybed lnto tha 50511 we To isothas a0rrasinne
di=s mo 2C ex. Tregxelcrne the deve_opel xachins Tfor ESTTEW
irzendion Aad te T 712l taz followire coxnditien: it must
=ix T4ae EBTraw wizthk The aopil ur te depths of 20 = 25 cn =0
LnaT tohe EToaw sontsaccratior might oe evenly discrivuted

all owegr The dencn of Insezoiorn,
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For cereial production in prizary cultivation which »ro-
= o taiz mackins snpould Te

[
L¥

zres & 5cl1l bresk of 20
2tle To subetitute the wpleugh. I Thoge o@ses, 10 whicz
Grilling Tawes plang ingediateZy sfrver the ipzertipn of
stmaw =2nd after deep break {wirter mo7ain follewinz corrn,
lucerna or glover following graie) the fackine skou’d =150
e aoles to proepare the seeched in bne sEne pass.

Tigule = shows Yhe senemaiic dAaErism of Yhe YesP machins.
The pasziae consists of 8 basic fraoe £1 k

gd %o the thres-peipi-lirsszs ¢f ©he STecotov. ZTiToly cooe-

ivzvor Tizes (2 =nd & Totery cultivat

i
fi
it
L
[
o
%
L]
=
k=

m2ction so thab depth of tillage can he changed rzlativ
T2 the dspth of thas aszewy gultivetor dines. fue kPeavy $ul-

Tiveter tirez z= well ms the rotary cultivator czn he adiosted

ar—

|.J.-
H

Independeat of gasb other am heozizents]l darsevTaicrn,
der te reagh an apbitus mizing and Tillage =8feut. Zopor-
tant for the work aof the heavy gultivator and rosany cul-
tiveter cophination zre The arranmeTent ihn lozgisudinzl
direcvion and tie shape of “he Deswy sulwivater shares,
DECEUER Tho heavy cultiwvator ig To 2R 4 s0il sUrsam
af coarss clods, which [lgws 19To the robary cu_Tivatore
a2d is5 soaved Thera, 42 the Rsayy GAlTiveETor wranscoris
tre s0il ocut of deoths up o 2% ga, the rotary cuitiveETom
cuts xo*e spil nerticles Tran it woald rormelly do. AT The

—
ey
[ Lo g st b

Fizure 2: Schexaticel disgrezmm of the test Tachine
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frogrnt part of the frame a £1ail cyoe forage harvester 740
iz fzstened by Jedntz. The flzil ftype forese nsrvester oca-
Zovs vertlceally inderperient of tre vasic frame &nd is akle
ars Ztself eptirally o the grownd by means of whesls,
Iz2e Zlail ©teels 2hop ftos strew end the sturble and shrow
tre ahenged straw benind. Thereby the straw iz transvoried
9% gwide plates (5) inte & kind of aiwing roow (&) waere it
san predix with tac =soll periticlies that have beern threown ur

-

oF SIos Seavy cultivator tines and e the rotary cuitivator.
Fart oi the straw falls inso %he oareateéed hollow space zad
thts g2ts to the werking depth of the tines. In the upper

layer of shoubt &-on tie roverT cultivassr sause:s furtoer

intense mirng and ieaves a well crumbled and even surfacs.
The distrituticn of straw in tre workiag depth 2aa bhe resun-
~zted to some extent: firstly by The gnidfe plate which carn
direct thsz flow of gtraw dgpending o its regulation either
EorTe T the Zeavy Sultivartor tinmea or to the rotary culiva-
Tor. SecOndly The distriwution of straw is influenced by the
workipg depih of The rovary cultivator.

& result TegarTiing the gquality of straw Inserticn ol fhe
west mackirze Is piven in figure 5. The sum of we_ght parts
of straw iz plotted zgairst the desth of insertion. Tae
orolken 1ine reoresents Toe Thgzoretigal aouwse when wn depth

-

ITrom Souaws

1--

11 2% fr Crg sCraw was ingerted gquite wnoforoxly,
that iz when Lhe same strew coonoentration exdsts &t every
Elace oI the working depth. Ths s0lid line shows the couree

L0 —=
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Sererw =oLbe
VERCnSho

ah
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Tigure 5: Jurwe of the cumulaive welght parts of straw,
whnlts was inssrbted by tos new aschine, as sffec-
ted oy The deptn of inzerticn
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for the oew ssraw ilnssrtion mackire gt 50 St/ ha. The —e-
sults saoWw that The new machine irserts toe strew iota the
2011 very well up to cepth of 20 ca,. Fawtheroors cme con
see that wary listle ztraw remainsg or the surfage [death

= O oo,

At present zothing csn be zaid abont tile reswlts reEsriing
srimery sulvivaticn, teceuse ths o8w dméchineg 225 been used
o our experimental fislds lsst yeer for toe first time.
vn these fislds the new method wiil he compared with seve-
ral cotaer zevheds ‘o long-Yterz exgperidects, o tae bhesis
of the ftotal amouzt of =traw inserted iznto the 3olii. The
srorp retavicr in These experinents 1s ¢orn - winter waieat

- 3prizg barley. The scale for compariscn is the crew
Tield.

In the experimects of fhe preoevices Fear the rachire
achisved 2 well crurbhled ard ever surface which immediate-
Iy cocld we usged z=2 gepdbed, Thus last gear wintor wredat
counld e 4-illed after tko corn Etraw bPad beexn insorved.

Tnha zpecific provleos of this combinetion msy certzinlw
nat vechnclogizal ecnes. Throusgh optimization of the desi
ol tae mechine it mery be possivle to 1morowe the Tesults
of the firet experiments: »esultzs thet apyhow are rather
sartisfactory. The Daix probles ceoprtres arcuad ¥eening trhe
required oower as low a5 poasible, The wonking wigek T
our pachine iz 9,8 3, This pastine wses fiva eultivator
tines. For a cultivazor tips: depth of 20 o2 and for a woo-—
Ziag spesd o B - & xp/n, the powsr regulred may Te 2s
auch as 120 tractor-He. '

It ras o#en Iound 9% that the gnerg¥ recuireoents of the
zombined Syssem 1£ lower Than the spergy recuiremsnt of
Expavate SPEGESElve passes. Sowesver the power recuirement
cf the coabived system is rather high “ecause its wornkins
Width ngg To cover ftae totsl widbdwvh of & A0S mm-traczk
tractar with 15 inch-tires. TrRerefore the mpatoins Jarss
musE ¢ optidizsd im order to minimize power rajuiramart.

42:5



Taere are 2 IVEDET of Dos3iole ways to do thic: The str-aw
SHoTDer pesf Dot revolve at the uzual bigh oumber of re-
volitions, oecause The Striaw nead nob Be spread S0 fan
froz tae macnipe, The distscce between the heavy culti-
varor tines £an e made grester thaz that of a2 norral
aeavy sultivatrosr, it saculd also B2 pessibls to laprove
zrim the lesigm 0fF vas k-mives of the rotary cultivatoer
LeT2 bo ZeT lawer poweslr Tegulrsment. -0 ospove of all these
spriclizinE m=ssvres, 3 bractor Dower of more than 00 =

Bt & worZLing speed of S X0/FE wilil 2= Ne8cesS3ETT.
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Ine 7ch Confereace 2 the Internaclonel Soil Tillape Beszeareh
Organizaticon, Swedern, 1974,

Td= EFFECT OF SQIL COMPACTEDX 02 RDOTING PATTERNG AL WATER UFTAXE
0T CATToN

Eeward M. Tarlor

EDA-Agricultural Regearch HService
2153 Apronory Building

Toven State Laiveraity

Ames, Tenra  S0011 USA

AAETEALT

Compacted layere in zoil reduce water and z2ir movément through the
layer and increase the chences that planc roocs will e slowed

dJown or completely stopped by the s0il pao. The compacted lawers will
cause greater ouantities of roots to Be present above the layer and
will reduce the density of rooting below the layer, Becausze water
upfake rate Ffrom a soil Isver is proportions) te rocting Jensicy,
wATter wptake fron all laycrs oelow tne pan wsually will Be slonead,
This redured water =upply wsizlly redwucss wiszlgé., Hewaver, it soawe dey
climates, the reduced rate of warcar use samacimas 2ill agscere
gufficient water Efor gome yield, bob bthe anccet of yield will be
araytly redocod.

The rodicle of o ¢obtton plach can elongace ag waces oo o 3 =mfke
vader 4¢al conditicas (Pearson, Basliff, and Tavler, 157C). This
ctongation rate can be maintained until lateral vcots are izitlated

ee the primary root (persanal obsorvaticn}. Tav rect elongation rates
can still be ropid sfcer lateral initistiza.

Cotton To2is gTeWw to a 120 cx dopth 42 daws after planfing (Tavler,
Huck, aod Klepper, 1972). Ceozxsidering ene time lag for radicle
initiazion, this root eleagation rate was greater than 4 cmfday.
Thws, cutkton plants hewve the geaetic potoatlal for rapid roas
alangatinn rates if cheir rozt eavizaomenst Is idegl and che
photesvathate supply froo the %ops 25 satisfacioey.

Howewer, cotton roat gystoems seldom enceounter an Zdeal £2il envirnen-
menc far long pericds aad ofeen =ust cvercoste a dizeinctly adversze
envivenment gang afrer the padicle esmerpges froam the sazd. The=saz
zdverse ¢oadicigas are frequently due To 53l compatctficn.  Eoil
corpactica haz decreased oros vwield on ao extiseted C.8 millics ha
of lgad ie Califorsia glene (Gill, 1971y, foil compacticn affects
¥*ask growin of coffon at many locartiocuns Se the szuthero and zaoch-
wegrera Iaited Srates (wetsonal obgerwation). Most of these goil
coSpaction prodless oo orodd growtk are found i Lasan or saady soils.

Coopacted soils have grearer s2il sirengrhs thac wreoeogacted spils

at ghy gazwe witer eoaténns (Tavlor aad Gardper, 15683). feil screspcoks
#en increased siilil mote as the cozpaceed sail deics from field
capacity €4 the wilting peint- Thiszs usuaily explains the rffects of
£2il cozmpaction an grawth of cotezn roats in szzdy =2ils (Tarler,
Meathevsa, and Letsaeich, 18540,



Tae miph-cstrengch {compact) lavers causad the greatest decreasgz ih
yizld wnan they weve locaced ne=zrest to the 2011 sarfaze Zn thesz
ca-dy gails {Lowey, Taviler, and Huck, 1970%.

Some af chess shallaw, cowpacced lawers dasmege cotigo rozts Oy SCracs
galacion. The radiele exer:s ansugh Fovce Io penetrafe the moSst
compast layer. Howewey, when Eiis layew drieg, che primery roac
carma: éxert engugh farce fo expznd radially. If this condizicn
continees for 3 ot & wasks, cyanspiratisnal demaeds of che sheocss
exgesl Che zapacity af the foonstricted parcias of che =ain rocof co
CATry @xoagh wxber upwacd,  Trug, the plear wilcs 27 dies.  This
condition Ras been described 19 deksil by Tawboohaus, Zzokiecl, and
Faa (19311 and by Taylor &% al. {1934,

Arother machanisz tarough which Ehese high-sicecagth, coepacted lavers
dacrease yields is by Secreasing tokbal tosking Jdepth and, thus, by
decreasing total water zapply. In an experiment at auburn, Alabama,
Lowey ec oal. (19700 ipvestigated the effects of tie depth and bolk
demsicy aF fhe 3211 pal on & loasy zand on cobton growbd rate and
vield, They fouad that vield incressed {at 3 particular bulk deazity)
s che depzh ro pan decreasad. AT aay particular deptk Eo pan, yield
dec-ezsed az bulk density increasad. They found thet plant meigat on
Faly 3 fa cime of rapid eotton boll Formation) linearly iccrepsed
=ith the perceataze >0 availakle water that agd beenr axtrasted fror
the s3tl art a depte 19 em Selow eaxe $2il san suriace.

Cotton roake exbtract waker Eremga soil layer im dirvelt proportion to
the roaobing denszity (o toosfeo” s2il) and ta fhe watey poteatial
difference becxeen bulk 35tl and rooct xylea. Water exCradbiosy rates
are ltversely propsreicnal o the vesistalce esnecuntered by The @acer
i moving fram Sulk sail to rast wylea (Tavler and Elepper, 1%75).

A& compasced lzwver can change roariong deasity substantially is all
lavers in which tests w2uld e found io the ac2mal circumetaices,

Tne corpasced, high=zerensth lawvers asaally eaunze rooting density o
incrrzzr in 511 lageTs asove Tod campacl oze and to reduarce witiin the
compacC Leyer gnd all Layers below iy {Tavlor ef al., 13¥2). Thtis
Causss Che gotton planis o excract watey fas-ter thao norcmal froo
avove Ehe compsct leyer and slower chan wpeal £rox Selow the ccoopact
laver, when compares with plants grawn aoder The sz3e climazic
exvitanaaat but in 3 sai. =ich oo po2pzec layer.

A5 ghirea By ehe cwporimens of Loery er al. (1970}, the plant's
ghilicy Eo kwiract wauer Fros welow rhe soil-conpacied layer wsuwally
will increans w9ster zupply, growth rate, awd vigld. Soetizes, how-
evar, & Jdecregssd warer exiraciion vate from desd within the profile
5 advantagoes:cs: for exzusle, wiew the cobton plants masc cature oo
srered water, itk wvery lictle peababiiiry of precipitation doring
thelyr Boall Formalion and wacuratian periosd. Tnder thesc candisioas,
a dezreaszad rooiing dewsicy belos chne sall pan would cEuse &
decreaxsd zrosth rate a2f che plant shaocs. This decreazed shoad
greelit will decreas: trangpivacional dexsnd enaugh to alicw the
stoced warer to be we:d longew.  This lengrhened time will allew che
slant eoxgh pipe ta produce Soma yield, even chough the wield lewel
will be gubsra-qtially decveaszed from that expected had the warer
susply been pleguatc.

Cocton vields usually are ictegsed whed compicted s3il layers arte
disrupted by asay tillage metnhad (Buarleson, EBlaodwarth, and Biggar,
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1%57; Carcer an< Tevernecti, 1955, Heodrick and Deoas, 1953).

Iae magnicude of the vield incveasze caused by billgpe will wary wich
tie inmbenslcy and depch co che s3L) pen wnder any parcicualar ¢limgric
eaviroraecr. Tigld incresse oaused Ly cillaze also will vory WichH
clizatic canditions. Tf towe tillage opteraticon déss act cause more
watér to b available to tac cotten plant for its growik, the tillage
groratior sseally will pob increass yield.

Hany acid sails in twe zaatneastern United States zontain toxic
gquantities of aluninud in the s2il soletblor, espzeoiwlly the wmore azid
subsoids. Thesze toxic aluainur lawvels will prevenc or slew roeal
devalopmant into the zebsail, even thoazh Lheve are o coapact layers
Therefora, dizsrupting compacced lavers will moc insrease yieod 2n
theze sxils, unleszs &hls exeess scidley is coveeczed by 2dding lime
to all 201l wolumes where root Frowth iz aeedad.

Persistesce af che vield increases gpuped by dicrspeing corpagoed
layers will vary with oie gorl cyp2 and with ifs Macagemeat.
Beyearck wirrkers ia the spepheascers United Scoces have developsd 3
geatrolled cralfic rechpigue, whete Lo frTactey bive paths ave zog-
fined o perpanest strips withis the field. Tois allows management
pf Loee pregsaTe ChaC wachine Lites oxert 97 bhe s0il, 5o tRat ooe
traffic icterferes as little as possible with plant growth. 1o ane
vrEperimant abt toe Jatiopal Tillage Hachinery Labotatory ztbt svbuercn,
Alabama, the s2il was tilled 3v chizelicg to 55 ca. Cotteo vields
wOTE Ltcreascd abous 320 kgfha. Eovaver, cacc ttatfic was allowed am
the A5-ce-deep Toot bed, tfhe diffeTence in soibed yields decTegsed
tapidly., Tn later tests inm wiich all wariables zxcept traffic were
kept comsztant, plots with ceoatrolled tratfic produced about 3800
kgfha of geed cotteon, stiile plots with uarestricted traffic produced
aniy 3000 kxfha-walwest 20% difference 4n faver of pemtrolled
trazffic (Trousz, Dw=Rs,. Ssith, Fumner, and SEll, 19733,

In suwmwnary., coxcpgcted layver:s in s0il decrease cotton yvields zach
vear on large areac in southern ant soeblwestern United Staves,
Lseally becguse thev reduce Ehe totzl quatmtity of water suppliied ko
the planc copz. Cotcon vields sve Ilnetessed when Lhess compached
lavers ave &istvupbted li chis £isvupbion «ill inerecas= Ehe cobtal waker
gunnly available o che toats. O farfoiz g0ils, adwarse soil
chemicals, sueh a8 alumisem, mesc B2 chacged Sefors che water sipply
and yield will ¢ icgreassd. Dices, toe somsacced lowers will
recccey rapidly vuless tracter-tire trafiic is restricted To specifis
patis.-
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Tae rtii Conference @f the Intermational Soil Tallsge Research
Ovzanizakblion, Swedewn, 1976 '

FLANT RESPONWSE TO WEEEL-TRAFFIC-INIVCED SO0TL COMPACTION IN THE
LOSTHEER Qo3 fELY OF THE UWITEDR SCATES.

Hard 3. Vooriess, So0ll Scieptizsr, Koreh Cearral feil Comsevrvation
Resgaren Center, Aagricelturel Resesren Seywice, 1. 5. [eparkmenk ot
sgricelture, Morris, Miooesota 5GEEF, U 5 A.  In cooperation wich ghe
Migregoty Apriculturdl Experitent Statien, Ualversity of Minpesoes,
St. Paul, Mipnmeswtz, Scientific Jeournal Series Xo. F43E,

ARSTEACT

?lant greawth respomse to soll compacted v wheel traffle doering aormal
field gperaticns depends oo the ieteraetion of soil cype, plant
species, acd climate. In the Navthern Cornm Belt of the Cdited 3takes,
{abeut 45* ¥ latitude), garcimation and early growth of corn and
sovbeans are cften liwmited by suboptimmm s¢il temperatures. Later,
zrowth is eoften lizited by water deficiency. Field studies in
Minnesota show that soil tewperatures and water use afficiercy Teth
dacrasse and increase in respensa to wheal traffic, Thig nmarskalic
plant respaose suggests ways of confeallipg seil eccopperion and reof
grouch teo icerease fertilizer use efiiciency and Zaximize crep ¥Yiclds-

TRTRODCT I

Mozt of the researc: on plant rasponse €0 wWhea)l traffic 4o che

Coited States has been condacged i the seutheve and coascal aveas,
Theze zails ace Froquently low in orgamic mathelr and ickereoctly

lack cthe stTuctwural stability to resist deferration by intensive
rainskterce ane owecssive tillape or wheel traffic. Consequently,
traffic pans develop at tillage depth to restrict wertieal root
growth, and whesl traffiec compacts the scil to rastriet lateral root
growth (Irouse, 1971). This restricted rooticg wolmme often cauges
planks teo he water streossad. Similar reswlts have boop reporced yndet
ather tecperabe climabes such a8 2n fpdia (Chawdhars and Fribkar, 1%74)

Hawewey, pleant response to soil conpacbico depends on a cozbination
of ilnteractions between =oil type, climate, and plant species
(Fasenberg, 1964y, Thus, planc and goll responses in the cooler,
drier clizate of the Jarthern United States z=ar be gualitatiwvelyr aad
quantitatively Afifferepnc from thoze ia warwer, humid ecli=atez. The
"Comm Belt' af the Uniged States lies principally hapwees J5° &nd
45% ¥ lLativede, acd [5 Sooaded oo the east and wesr by 39 and 100° W
Yapgicwde., Host of the =o0ils are inherently prodevetive, mediaz
gexbutad, and well stfucturced. having been devilaped f[roT pralirie or
cranslicional prairie—forest vegetation (Molliisols and Alfisass).
Wien few exceptions, root growth mor—ally Is nat restricted as much
4% in tze Dltisol =0ils further soutn. Thuz, thete has not heen
sancentrated research an plant respoage {9 20il compastion I ke
fivrkhern Carn Belt. This i3 also due fp part ta lack of cechniques
and knowladpe o deliseate plant responzes to varlous aszpeces of
s0ii and ciimacic envivonments. This lack of Interest has been
further accentuated by the prosumed azelioracive effeces of

angual freering and thawing, which ooy excend 120 ¢= deep In the
aorthern partion of the Corm Bele. Howewver, in ome =tudy in «hich
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the =oil in the bortom of the pléow furrow w<as artificially compacted,
g vears of oroppipg awd subsequent winter freezing did nok destrey the
rompacted layey 1.

The current krend in the Dnited States towatd Jarper and heavier Tarm
mIacALoeTy, With 4-wheel drive tractors welghipg mare than 13,509 kg
{Toorneess, IG75EY, fas vapened yveseareh interests op <hirel-induced
=oll ¢ompacrion in the Cava Belt. The fallewing dlscuwgsion will Te-
view oh-goikog tesearch of soil compaction and fex odserved asnd poten—
Ela)l sffects o plast growzh in the zovthern Com Eelt of the Tonited
States,. All referecce to wheel trafiic is froo stapdard far—rsized
trdstors performicg an average of five separate aperatiops per growing
s5el%on, With eack wheel pess exertipg & prezzute oc Ehe =oill zurface
af akout & k¢ per mmd.

301L TEMFERATURE

Heat cgpacity and thetmal conductivity expressed on a volume Lagsig
increase gs compaction incresses (wvag Tuim, 1996). Bae che z0il tem-
pErature at 4 glwven fiee ig alse a functico of the soil water cootent,
which is oediated by compaction effects po fofiltration, redistyri-
bucion, and evaporation af water. Thus, =oil (edperaturs oAy aither
decTease or increase as a resulk of wheel Eraffic. Io 1975, the S—mx
gepth soil temperzture of a wheel=tvacked Forman olay loam (Udic
argiboroll) at Mawris, Mionesota chat was [zll plowed acd planted to
eotn {Zea mavst was as mwch as 3°C cocler than the momtracked soil
throughout the growing seison. At Lambertom, dinoescts, the mexlmtm
gcil tomperatures in wheel-tracked and nontracked goils wwrs essop-
tialix the same im a Wieollet silty cley loam {Aquic Hapledolll.
Howtwer, cootiowous 24—Hisur tesperatucre mepsSybe=cnts at Lamberton re—
vealed diafferences inm duratian of a given soil temperature; the wheel-
tracked 521l accumlated % to 193 wmore degrer howrs favorabla for
gerzipation and earlyr seedling growth than did the nontracked zoil.
While this may ceem incgignificant, a swall change in sail tecperature
in tne Northern United Ststes where goi] tewperatures at planting time
avergge Bbout 18°C cean grestly chenge early corm growth (Allmaras et
ai., 1964} =nd rook zrawth patseras (Allmaras and deleon, 1973). This
illustrates a pokentiel effect of wheel fraffic In coocler cli=mates
that Is zeaetrally nat consldered agranoxically ¥epartant in the
Soukhern Oniced Scatas.

SO0TL WaTZR E3E

Aleng with lew garly-season tempeTatotes, w2ter deficiency in the
lacter half of the growing seazsesz often limits corm ard sovbean
(GClwcine max) vields ie the Horthero Corm Belt of the Uniged Stekes.
Puring this gperiod, evapotranspiratior frem cora and sovbeaps commoaly
exceads rainfall by 13 apd & em, respectively (Holt amd Vaw Daren,
1961, znd Timmens et al., 1967}. Thus 2 small change in water starage
or water use caused by vheel traffie rcan be importart. Water—uge
efficiency, defined as crop vield per unit of water less, rcan be ecal-
culated {romw data shewn io Tablc 1. Wheel traffiec increased the water-
use efficiency 16% for corn, decreased it 258 for wheat, (Triticum
yulgare,; and had essentially mo effect for soybeans. These examples

1 Blaye, G. R, W. W, Melyon, and B. B. Allmaras. Persiztence of sub—
30il campaciion ip a Hollisel in southwestorn H¥innesota. TUnpublieh-
G Danuscript.
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®EY ©T DAY not represcat lonp-~term avetages, but they <o show rhar
Plaont respense to wheel traffic ¢an differ for warious cochisations
of crop species, climatic conditicns, aond scdl Evpe,

Tabjie 1. Crop ¥ield and water losz for waAriooes cgops as
affected by wheel traffic.

%o wheel traffic Wheet traffic
Lrop Yield, Water l4ass,*  Tield, Water loss,®
*e'ba £ keifha [
Corm, Lamberton, L3745 5.0y 6.3 S.ohl 6.9
feybeansz, Morvis, 1975  ,0l& 36T 2,279 38.9
Fheat, Morriz, L4975 3.T740 0.0 2,090 33-1

*Total of evaperation and transpiratien, asauming o runaff,

Ancther comglicasing effect of vhoel traffiz din degeroicing water

use by plants i% that wheel-traffic-induced spil ecompacticn mar zlso
tayse lateral soviment of water (Figures 1 amd 2). The teneicmetric
soll warer suciicm valats are the measuyed luteral differences at
varigus deptns between o adjacednc sodl proafiles 76 cx apart, cne
wheel tracked, and the ofher haviag oo wheel trafiic. A Ttow of corn
wag centerdd between the wo prafiles af ¥Fipure 1, and a row of
so¥heans was terwaes the two prafiles of Figure #. & positive suetion
gradient indicates a sovential gradiest for Zateral warter =menent

'
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Fipure 2, lacerz) soil water pocential gradients between wheel-
ceackted and contracked profiles of a Nicollet clay leoak under
SOVDE ARG .

from the wheerl-tracked zide ef the raw o the oontracked side of rhe
Tos; megative values indicake a gradient feowards the vhesl-tracked
side. For corn (Figure 1), there wer¢ oo lateral gradients in cither
directicn at any of the chserved depths hefore e 3. After Jume
3, there was o small gradient toward the nentracked side ¢f the row
at the li-em depth, and 3 larpe gradient in the Sace Sirectign at the
g3-cm depth. A lateral gradieat In Lhe fate direction began at the
G0-cm depth about July 15, fellewed br a si=ilar oradient at the
150=cm depth abeut 19 davs later. This depth progressicn of a later-
al gradient with time prebably ceincides wien the advascecent of the
rogt sysreg apd sugpests a faster dench-wise tpok growth eate an the
nengracioed side 9f the cow, @Y & ovgre active roob aysces ic tevys af
water usrake. The soil bulk densicy at the 1i-¢T depth was 1.27
gfcm3 an? 1.62 gfem® for ehe nsocrocked and wheel-tracked sides,
respeckively. AL deeper depths, bulk density was esszentially the
tare for the two sides and increased from 1.54 2fcm® a& the &5-op
depth to 1.83 gft:3 at the 150=cm depth.

The sequencs of lateral gradients witn depth and tice was sizilar Io
the sovyhean Tow [(Figurte 27, except the gradieots wese spalier and
cven Teversed direckion st the F0=cm dexth. This rewversal in dirag-
tion =ay have ooturred at other depths alse {agd alse fop core i
Figure I}, ot meassurements =eérs limited Sy the air entry values of
the tensiocmerers, akont BOO pillibars {cb). Dalikae oowe, ERe mes=
cirements for sovieans $id oot iodicate aoy differential water uptare
ar —ovement ar Ehe 150-mm Jdeptk Cecause of the shallower roob svatex
all savoaars,
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These cxamples of plant resporsc are oot casily cxplaioed, and
illustrate the complexity of the interaction betweon plant spocies
and enviroament in determiaing the effects of wheel traffic on plant
regpopgse. This agrees in PEEt with Hakanscon's observations in a
S2imilar climate ix Syeden [Hakanston, L964).

ROOT GROWTH

The inérease in s0il bulk density at the LS=cm depth as a result of
wheel traffic {ecressed the coil strength charactoristics cooupk te
greafly reduce gotn ook growkh to a2 depth af 25 e uwader tRe wheel
ttack. About S0E of ehiz murface Z5-cm s0is layer contdained ne raals.
With zo wheel craffie, thisz came coi) volume had a roceot length
density of abogt 1.9 cmf:m3‘ While ebis Toob growth restriction may
oot notmally subject the piank to sewere wateT S[IERE 4F OCCUTE witn
similar voot growth: vescriccions in che Zouthern Conited Zzates, It
does mave sippificance. In the Xortnern Corn Belt, fortslizer is
commosly broadeact oz Ehe 501t surface and then Incerporated throughe
owvt the aurface I0- to X5-cm laver of soil by tillage-  EBut «iED
immanile foae like phaozonoprss and patascium, wheel trafliie -ay
nreveat SUFficiegt roar geawth Eo coopleccly atilize the applicd
fertilizer, and yields Toy be reduced. If the portief of the oot
system upaffecred by wheel traffic can swpply the plants' total P and
K requirements, ther &0%F of the fertilizer applised is pat peedad.

Tine depzity aof ipdividwal 3-co-diazeter cicds from the surface 5=
laver of a Sipoller sflty clay loam that had been wheel tracked during
three sgecessive growing seasons was 1.70 gfe~d pompared to a density
af .63 2/em® in an adiacest unmtracked area. Within this range of
deasity, roor growenr and prhosphorus wpfarce fro= individeal aggregales
chn be algnificantly affecced {Voorkees et al., 1%71).

Loil compacced by oxeessive ehecl traffie can reserict supgarbeet
(Eera vulgaris) vooting depth aome cause defermed storagc CoOts
{(Taorhees, 1975ay. Fotato (Solanun tuzerosus} vields were decreased
from 25,5%0 kg 15,800 kg per hectare by the wheel traffic ow a coay
loac &€ Morris, Miaaesoka 2/,

SEMHARE

Filaac Trespangse go soil}l tcompaction frow wheel traffic upder mormal
field cupditions depends oo a nuaboer of interacting faciors. In the
relacively ool spring, dyy growing seascon clieate of the Northern
Cotn Belt of the Tnifed Scates, plaat response may be pargbolig, such
as was reported by Haksosseo (1966). Coxpaction can incrosse or
decTease the solil teoperature, #n izpertank factar in early corn
growth. Compaccion can both increase and decrease waler-ysg effio
ciency. BRoof growth wmay cften be restricted, resulting Zo ineffi-
cient usc of I=meobile fertilizer ivos. Centtalled traffic, wheweby
all wheel traffic is restrictod To cortain aress of 4 field, mav be a
praceleal way of managing 2ail] gocpaction to the plant’s benefit under
relacively cool dry growing conditipns. Research is continuing to
fully assess the effecers of Sheel eraffic oo plant vespoase in the
nxrtnea lacitudes,

L r———

2fvporhess, w. B, Iffeces of wheel traffic on sofl compacticnp and
plant growth feor Foerman clay lear. Copublished 19735 Lopcation
Annual Beport, WCSTRC, Morris, Minncsota.
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The Pto Yonference of the Internzeional 2oid Tillage

Fegeaprer Orgajizavion,Zweder,lSFs,
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3w rProf.dr Hovisa Tudis

sasaley of agricuituare,lRniversity ol Hovl ogd , Lupeslavia

aBE EnGT
The spegificity ol second orop groviag 2zd Sheir
glacs in crop rotations under supoledestal irri-
gation comditions permits succesfull uwtilirzation
of exterded effect of dees tidllage carpies oufg
under winter wheat,
desige o *he soeils of faveurasle phrysical sro-
perties tae tillaze for gecond orops Bes hesn
redjuces to 2 grest &xtent thus reduciag it To
only seed bed nreperstion by discing.dero tilla-
ge resulted iz sozewhat lower Fields even oo
chernozen of excellent phyzicel properties with
irrigatic: applied.
I 3T GCGL T oTIGCXN
ooll is more Iatensively utilized by sccond
eras growing under irrigsciecn comditioas whies pe .ui-
res more freguent tillaze cotpered to production witho-
av Arrigation.under conditioans like taat the Sillage
S¥stex khas been sodewhaT cianssd depending on the ir-
igaticn methed and prizsrely the $illage in secoad
eroas.The spesifieit; of the sscund orops is that chey
have heEed grows ii one 7ezr ob She sadse field after
winter wneat ¢r bariy¥ as @ain ¢rop.Fresucabhly the se-
coad ergp will ast resuire tae saue wer of seil Tre-
paraticn zz the =ais crop.dowever,it oricepely de-
peads on the abwysiezl properties of the soil and iryi-
Zavion method of tae —ala erow.The Bether tas physi-
cal eonditions of The soil after ths 2=in crmoep zre aad
the eompacTicn less the greater chanzes oonld he ex-
vected 13 tillege and soil oressration for secoaod
crop.
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IRVZe IIGATIO IS AND HENAIDG

Inveztigations were perfisrmed un carbonate
cherncies of loagss terrece i.e.on s0il of coaveaisat me-
sanziegl composition (loam) of ersaby stracture,stisbile
strietvaral zggregates Aaad of Tery sultable wuter-air re-
gooe defiaed s "repime of 2 selferegolatins charzcter"
LU, TOeN]).

Having Za view sSuch very favourable ahiy-
siczl wroglertles ¢f chernezenm 2nd oaly =lip=t changes
dutTing the zrowinog pericd under waeat {Vnsid,Usbreacw,
132%) we sappozed that the second erop - zilapge maize -
could be guccesfully grown under irrigatiosr with shzllo-
war tillage.as the “asis in experiments a tillage $o 25
¢ 22 besn taken and it 1s suggested for maize on cher-
nogen Lz regular plsating (Zrezgil,Markovid,l%E4) with
targe variantz of shallower Tillege:ts 18,15 and 0 cx.

The results obtained in the [irst expe-
rimental F2srs iadicated to tiae possibilits of further
tillage r»edoee henge beside ainjmyer tillage - with diss
£ing, the experiment had been extended by sowing without

tillage ("zero tillage™).
EESIARLE RZSULITo a0 DIGIUS3IOH

- bigh wniforaitr was fonnd in three-year
7ield averzge ¢f fresh matter of the Tirst experiment
in all wariaats {Teble 1),hence startizc froa the coo-

-ab.l=5ile meizne Field of secood crop depending
of the depth of plecughing (tires years average)

Lepth of ploughizng,em resh metter,ze/ha
11 HEF 4
15 =T
26 45% 9
25 453,50
L3l 0,0% = 45,1 as/ha

ditigos under wiaich malize 25 EBeconi CTor HAS Desd ETowd



something similar had to be expected from the second
exXperiment too -~ with reduced tillage to the direct
sowlnp on stabble field.Thls assuestion was somfirged
to a certain exteat {Fable 2} and no sigaificent diffe-
reacaes were found in taoe fresh metter yield tetween the

Tab.2- 5ile maize Field with "minizun" and "zarc”
%illage mehal

Deoth of ploughing l.Fear  Z.FesT i,7ear AVerage
i)
NZerp™ tillage 428,65 4775 ,B 85,8 Ela,7
Hiseing B-10 o= 495, 3 4o, 3 35,4 $31,2
15 494, 8 48,1 1,5 444,11

I[2D o,o0h = 60,5 ma/ha

variants oo oan aversge,thoush there were scme differan—
sus Detwesd Fears.

The paige a2 seodnd crop comes afver wiater
wheat which as a crop of deazzty staznd orobects 2oLl
from corpactien af plougziog lagyer (Tuciéd,Josid, 19670
end protects the soll structure.Besidez That Si1llapge
of 3o0=35 cm has been used for whest,after sprinkline,
onae or twice during vegetation,only slight inorease
of soil wolume weight was fowad (fer 0,597 and coly in
top -5 co.Therefore the pavsisal condition ef the =pil
wES ¥er¥ suitsble in 11 wariants (Table 3.

Tat.3- Yolurwe weight {=,,total porosity (o and
. @eration neresitw (o) of scil after sowing of
secochd oroo

Deater of wlovehisg , o

Leoth aof

G s L 1% 20 =5
so0il,em al ¥TefatbJelalz el alofe & [ble
c-1c {1,275t [19|1,1] 55| 2811|5527 |1,1]57 24 1.1 5ps
10-2¢ 11,3 (a9 |1511,3{48| 2812 (5113 |1,2| 57 28 1,2E2F0
20-EC |1,2 52 2o 1,254 21 1,39515
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desldes voad the rEdze as mecnnd ogp h45 heen ghawn onlw
#1Th irrigesicn coasesueatly the sgil larver from =o-30
e iz zoist throughout the wvegetesion 2nd There wes oo
iiberfoereace in oot 378tz developmezt in =212

-

Vhe rasulTte in woe ole 7 Tefer to tac

FI'

arodiueticos wivh cultbtivetas cros zence tae cueshize is

-

whasgher palvivetion oould we T

)
b

wloced by nerbicices ox

laft out conpletels navisn-g icn wisw tho cooditionz wader

e farthes invee:iéa:i&ns gnowel Lot
whe apalicatisn of bkerbieides soulc peoisce gultivesien,
gver,uite Iow sields were chitzined without weed
trel [dlable = .The aegative effect of weeds oo tlae

VITLVEYIen and herhinide

Q
use oz the silo maizz sield (kel.zatios

weoTn ol ~ . . . .
il culsliveTad Woz cul bivekes

without herbicide{with azxrbic.

o tillare =i S 2
Ligeing H5. B F7 0

“
s
LA
40

I

L9

1% G 8.2

DAifs TLAAT growling i1s in ouesTion,platTti Were wWedr wib-
wolt nervicice g fnd for atour S0 1i-hAter in weligr.

enrvica 2us be xads £xzt the: arnper of
weao sloats ser =% was weT in accordance with tre abave
shatement {Tazle =),

LI585, i = wumper of wass 1=Ju5jﬁ 2t Rapwest time

2oty of ploe !
e e sultivzTedd Wor cuitivaeted
B i R ) . . . e
wiToout aerbiciie|witz hertic.
o s:lioge TR | 27, E 2.5
. - . | - - e

sl g 5,0 : o, G S,

T = oy A 1 T, - . -

= £, | .8 5




dowever,ia soviag withouwt cultiveticen the
soil surface ts elready voder weed stoad apnd thelr elfuct
an the @aize shoots L: greater combpilded wita tillage =zna
disginx whers weed plaots prow later and sre szzller in
Erowtin comsiderably.

£t the end 2t sheould he added thZat the che-
mic:l coopositien of the plants was siwmiler in ell ex-
perinentst combinaticos,however, the combhination witzout
cultivetion and DaTtlr with discing,kzs avocut 1. dry ma
thter less whick reflected on the tots. nutritive wvslue
of second cron silo Zsize.

ag cane ta the eemelusios that it is defi-
Aitely necegssary to preparec the seed bed by shal lowest
tillage cr aiscing for growing Sile maize 23 & Eecond
eros oo the shermgogern gnder the climavice sonditions of
Vagvocina (Yugoslawia),The profvetion cas be made chea-
per znd sippler BF herbicide ufe 23l without cultivesion.

The nroduction withoot Filliege offers lo-
wer Tiglds of fresn matter and autrivive (oat faed:
miits,ont it is prooeble thas the 2conony ©F production
could malle sime currecticns.

[
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RETF
Drezgis P.i z.Mazuovid:Uzicaj dubine I osfina izvetenja
0300vAae ohrade na DTIN0S KUWAWCIES D2 S2TO0EeTU
cuine Sefxs.@exljiste 1 Bilime,voi.lR,lo.&, L5044
Yuiid H.:Yeodne 2sobine Seraczems i livadsee ormice i
Ea nmaroefaiaTemie —a irigacionos
mofdwad i 3afze. jovi o3l 136N
chranay: Ppoteie fEpTrerincke teline Yerbo-
poatnez Geracgena leche ferzse w Tokw vezetecije
1 ajikor utical =z osbrafie sadriajs vode 1 Zetl-
17igt:, Letorpis gaudsis radovz Poljoorivrednog
fatulteta Jevi Szd,ow,)1l,1287
Fucld 5.1 Z.ocififeiloey proudevania dutine corade o
Jostrau Setwl fa mevsusianzaor Zernorenu.ferliia
Efe 1 biljza,vel.ls,i.l-3,19%7.
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The Tth Canborence of the Interngtional Soil Millage Regearch

Organisatian, Sweden, L5TE

THE DEVELOPMERT OF A DOUSLE LIGHTNG MACEHINE

[ B Warkaoys, J.5. Wilkes, PUT. Gooderham
angd 3%, ¥Kilxins

Wre Collcpe (Lniversity af Laondan] Eopland

ADSCracT

The need far dnpraved cultivation of the svbscil hay aroxes
cecause af ooppaption assgciatoed witk incceased iraffic om souls
and becauses cxsting subsoilers achieve only a limited soil
logsening effsct, Fiwcd tinc Subgodilars bhave a high power
requirement and shart operating season. Lesizn comid 8 vl
tfar caxprehensive loosening of the profile and retainisg the top
soil and sobsail in separate layers arse considored. The Wre
Adouble diprer 93es 8 ouldboard to expose the schecil ard 8 power
Ariven rotary tilter in the furrow bottom. Fower regquiremeni i
approximatecly L8O EWh ha cooparsd itk the 156-4929 kKWhoha feor
fixed tine subsoiling,

l-I-l!:'.'u:'l



ITntradunion

The z=dveorsoe ciffcats af oadoon sechianised crop peadustian Bave hesn
higniightveod am the Unitod Kingdod by the Agricultural Advisory Coubneil
CA9750 and Spane (19700, In the Natherlands, Oawerlkerk (L9691 nas
Zaund larrer pore Spaage valoes an saiis nat cultivated ol tracfocs
campared sith similar soils on ceshaniscd laems,  Deloteriocs effocts
a4l cozpastion have bovn reparied o8 ragl graeth: o crops Seckh as de-
croiscd Tatos of clonpation and dncoeases i roat diameter, [Ea1ris and
PEFRE, -1EY X Cozderhas and B shaer, 14975) and tix Sams SxLenl oo vicld
C¥isher et al L8973, On he other hard ¥ickd dincrepses attrinctable
Ta subsciline have oeen wugriabla, Both Jusscll (X531 and Hull and
Wwebl: (Ii9€Y} have shown small bBut consistent inceeascs in yocld from
subaciling. improvements in the guality of roots sush as sugarbeet
have feen =are casily demonstrated (Czeratzii, 12630, These small
responses wmar in payrt be due to the limatations of existing subsotling
Tachines whire Fissuriag and skattocicg of the SUbhssfl will edly he
passible if the sadssil is JAey. It seems probable that these dey
sylbsail eanditions seldom obeuy in the CRtted REnodon and then Sor obly
A Deew Adavs in Lhe vwiar,

Argther disadvantage of existding tired Subgeilecd: are the high
Lractiive POwWer Fogui oenenT sedesditatioy a4 crawloes or four sherd drice
typs tractier ang alse proefecably o dry pperatang Surfaze, This further
restricts the tims when the eporaticon ¢on e successiully carriod out.
To reduce power roguiroments. aticmpis have bosn rade to osclllate the
suosoaling zine which, although i: Day reduce draught requiresent kY
A53% vHendrick and Buchele, 1953} requlres owrtra energy ©o produce the
cscdllations +ith Yhe nes result <of o higher cverall power Daguireeent,
Othey ideas te reduce draufht rveguirerent include The S1ant scisaldler
?Ede 2874}, where fissuring is inproved by bending the pass af sail as
it rlows aver the bisde rather than & shcaring acTtion of ke 5ulsoilor
Blady, ar =& plaugh, Alsa Spoar (189737 has Jdeseribed the advantage
al placing wides an The baTione ol ke aabsoiling fine, or shallow
culktivatian anszd of the subsoiler to idcrease Lhg potal disturbed arca
and pive better rearrasgorment and cotatich. This will hewever depend
o ey Subsedl conditions and ob the condition @f the surface laver.
Lespite these developments :i1 is considercd tha*t the wechanigal compre-
hepsive iooscning of s0Dscil has scldces oeer achieved. Hgapver, the
effecis of Thosough suDscil loosenions by hand digeing has been investi-
pated {Goodechar, i%75) and the wye double diggping caching has beon
developed o reprodice the sa=e effsacts,

deai oh

Fram this pxpérimental, work cdnducted at Wye College, it was ocon-—
cluded that the %o main machine reguicements were {31 to break cp the
SubmaT very thargeienly and (437 retain the topseil and sudsoil in
Agparais lavers, T webiévd this, various desiin combarnAtions wore
congidered . (Fig 10, Thesier wer o2

£1) rfouchle desth mouldyeard plough: Double depth Pouldbsard
plowzhy have bees: cxned e Australiz and Russia.  Zabashtoanskii 16433}
referd g docp pleougbing Cherrozes s0ids in RBussia using plouzhs
capuizle of 2 wrnd 3 layer ploughing sizmultanecusly dawn to 40 and GQem
depth respectively. Homever, the draught reqguircsont is pdgs and
traczion & prﬁblen AT Cow Specds. Coabt also oSt eemain as to the
amaunt of scil bByeskdown with & Boist subsaell,

fii) mouldboayd plus tines; This wype of solscedlisg is practaised
G The Deabvy clavs in e Fagstern Countics of Tngland to alloviate
Plodyvi: pand bal Das o high dracght regul rement. e extent ol the
lodgdrdty LIHeel Wacld hBe cxpected to e criiically dependern: on soil
cordd bions,  Alibkgap: 4t 1a pozsible that a slan? tine subsciler could
incroayns the amount pf fissurirg, the power requztrenent Pauld =still b
hiozh,

LT -E,



(iii}) rotary cultivator plas tiopes: Thiz form of sSubsoiling is
comuersially developed A5 an under—-hbuster” for a rotary culfivator.
Altkhovsh rotary tillage of the topscil rveducex the draoght reqoize=
ment, the loogseming offect of the tines woald again depend on suDscil
moistars cofcl Tions,

{1v]) +twin rotor tiller: Dy odonting ons reter for the topsoil
and one for the subsoil it would he passihle to produce a copirellog
comprohensive loosening theough the profile. In crder to exposs the
sebsril, The iop rotor may need to b driven im rewvcersc which wculd
ingrease the draugshit requirement. Despite the high overall power
requfresment, coltlvatfep, sebsoxling and planting would be possidle in
Qe PN Furthermore, ualike the veriical rotating tillage *ools
sech, g Coe Fowler gyrotiller, soil maxaop would be kepd o a mici@oam.

71 mowldboard plun rpiors; Thit cpombiaatich u=es the =puld-
hoard's displacensnt capability 2% a mehns of Zepararibg the topssdl
and cxposing lhe =ubsol]l to enalhle Separatse cultivatiohn af LT i darn.
Br applying retary 23llage to the selbxedl only, a redictich o Lhe
draught redquiresent will be pessible and el Toral power redglldPe~ent
af the =aching w11l *hen ke withir the rapabilities of & coedius haorse=
power 37-26 kW wheoled tractor. Purthermore, rotars tillage =ould
enable lcosening of the subscil te e carried osut under m3dist pon-
ditions.

W Jounle CHppEer

The first werfioo of the deouble dipping machine i% basced on a
single furrew deop digger aleugh whers the Deam was lenglhéned to
azoonnodate the sSubSeiling rofor, This runms in the furred botiom
expasied on tho provious pass wdth the plaugh bady turning the topsoil
cnto ratary illed Ssubsail I:F']..:itr_r 1%, e sukbksoiling &otor is driven
from a Bevel reduction gearbox siung wnderncatn the plavgh frame. This
mearbox whon fitted wdith interchangrable spur geers pives & choice of
rator opeeds froz 120-240 » . p.o=. at 340 r_p.z. engine power teke—off
speed. The rotor haa three flanges, supparts three pick Tines per
flange, and is voller chain driven &t one end. The lincar depth is
Fizgesd at 22 oo, bBelaw plouph deprh although it 15 possible wa wvavs thisg
deptl o sIackening of f the supporting Lrese and ratating the gpearbox
g bensian tubks 0 5 {rosh posi ko, Fick tinea heve bean uwsed Bochuose
cf their felofively small cotting sucface to Epil moved sihich mymamizes
pawer catsSumptian and risk af blackape under moiet conditions.

Powsr Tequircment

Freliminary pcrformance tests have boon cneoacraging, A 34 OEW
tractor eguipped »ith instrumentation for contingcas menitoring of
cnripe speod and torgue (Wilkes, L15YE) was used to colleoot data when

cultivating a =silt loam, 54 that powsr recuirement sould be do-—
teemined the effect gf Forward speed was sxamioed at rotor speeds of
128, 181, 284 r_ p.n. A xummary ol the pegulteg are shown zo Table 1

Ipr two Zorward spesdn only,

Tathle 1. Effecy of '_.[nrwalc‘. Speedsd Aand reTor dpesd o pOWEYr requl oenedtE

Forward Speed koch Tracstar eapite load BEW{Ap)
{w, ¢, k) Eotor speeds
148 151 Zad
1.85 {1.313} 17,5022, 53 19.9(26.5) 22.1022,1)
2.34 148} 19 2128 43 2z, 2029.3) 2F_1(30.8)

LE: 3



T* 2as oot possible with The trac:ioer available fo cperate a¥ higher
forward speeds at pither the lowest (12870 o highest (229) rotor apeed.
In the fipst casc pite Jength cacded che pachice To rlde cut o work
and at the hichest rotor speed thse tractorc had iraurliciernt pewer,

o ]

Tt is clear from Tables 1 that snproximately 32 kY are requjired for
woprkines 45 cn desp and 45 em wrde at 2.3 kmcsh with the dewvble digeging
machiree, This gives a spot workiGE rate of ©.11 hash or 183 k¥h - ha.
I~ contrast, Jepepdipg oh so0el Ivpe and nmolsture content & single subo-
soilnag tinde can Rave a draught ranging from 1816 o ZT249 Ki. on this
DasiEs, operaiing a tice Subzeiler at 3 kuosh requices beTweel 26 and BC
E for worsing 2t the samd dépth, To pive a comdarapie proXile dfisturb-
ance to double digging, tines would oeedd oo e gpaced at oo ocore thar
43 o Thizs mrves o s of work of 0014 hash, and a power requiogs
menT oF hetweesn 1EG-423 xX1Vh.ha. Dee reagson for the higher power res=
cuirement 15 becawse arly about 807 of enpire wower i3a available fopr
drauzht. In Zuturs deyslopment work with the doudle digeer, The power
required for drawgnt and fec the roios or 8 wider ratge of 5011 Types
will be Rtemised.

Znil culcivaiion and crop vield

The effoct of double dizging on mechanies] resistance of 5ilt loatn,
neasured wirh a cone §diameter 2.0 cn} penetromcicr is secon in Fig, 4.
Mechantcal =esistatce was halvyed, and cthere wore ornly» s7all differcnoes
Setwean Lhe varioud rotor specdsforsard speed combinstions.

The effect oo suparoeed wleld of three contrasiing subsoil looson-
irg Techniques have been Levestipated on a 511t loam (Takle 21, In
bocth 2974 and 1975, Fresh weight vicld was increased by akout 13% when
comparing double diggping with vibrating and fiwed tined subsoiling
trEstoEnis. The =ired subsailing Treatments reduced frosh =eiphts by
abhous 3% when coopared ®ETh Che SOnTidL.

Tabic 2. Zfiget of Subsail raasening on sugarbest vields 1974-73

Plough paabklc  Vibrating  Fixéd tino Lsad
foantrol) digger subsediler  scbsailer  (P=1,08)

— —_—

Depth af sarking 1974 32 1 45 1. _
Cen 1975) &2 35 y 9 ; 43

Spacing =1 tines - - 27,45 7.5 -
[ zm])

VYigld gf frosa)l 1974 283 41._3 276 S6_6 3.5

roots [t aal 1975 g, 2 24,2 A5.1 Zb. 5 q .

—amr

Although data i5 et preseniaed écs, Zhoereases ih water holdlng
CAPACL IV, Air poresity acd rodeotions ic sechanical reafstabes of sub-
so0il associated with mochamised douhls: diggicg waes Tourd, Thi=s con-
frpms resulis previcusly obtainad by hand-dippicg { Gecderham, Op.citl,
zimilar effecis associaten wlih the tired subsoiling trontmendy woers
amaller.

Effects oa supsoil physical condivigns ol lopscning Sy hand-digping
have bDeen dezectiad wh S0 Zour vesrs after application of troasnont
{Zoodesham and Wilkins, uvnpuslished dagal, It spers prebale thorpfigrs
Cha: sub-soiling does not peed w0 e garricd put anrnually, Souble
dipgriar offers a technique for lecsening ooereet skbieil prior o the
irfrsdicticn o dirvect drilliep arnd wmay even oxTond the racge ar
SuiTabdle 50l15. A Turther possibility, requiring investigation, is
the addlticn and mixing ol Zeriilizers =oed s9il genditioners to SubSodld.

-
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The Tih Copferease of the International Soil Tillage Hesearch
{Orgeni 73 tiod, Sweden, 19T,

SOIL TANK ARD FIZLD SIUDIES OF CPACTICH TIMER WhoEsLS

3.D. Soane, G. Eerwortby snd J.D. Pldgeon
Geottioh Imgtiftute of Agricnd tural Enpineepdagr,
Zush Eztate, Penicuilk, Hidlothian, Teotlard.

AZSTRACE

The meagurement of bulk Jdensity, cobe regipterce, vare phear
gtrength, air eniry rate and plate pinkege i3 depcTibed in melation to
studies on the dipfribution of compaciion wwler tracior wheels with ani
without the additiza of cage whevla, Tha advantagee of using a nurhers
af goil physical propertieg for this purngee, partienlarly with the aid
of 5 goil teat traller are Aiscuseed. Care in needed in selecting &
reference datum level for subsurface meppurements. A Iimited nusher
of testa were made on the effect of adding z cage wheal to a ntandard
rre and of neing 2 cage wheel lnatexd of a toxe an 30 oo af laocse
gandy loam cverlying compacted 20il of the same texture to aipwlate a
cuttivated goedbed. Add:ng 5 capw wheel reduced the Dawizem internsity
of compaction but 4354 wot reduce tke totel compactive reepones. Teege
effects oay be pedified by chengwe iv depipn whick tranefer g Freater
oroportion of the arle lcad to the cage wheal.
IRTRODTRCTION

cur gtudisz are comesrned with the incidewce, importences el re—
dustion of aeil sopmaction rder whesls in Soemmrcial e¢rop production.
Oof immediate interest are the selection omd eesmrrepant of relevant
goil properties and the technigues for cotparing the resulte obtpined
wader difTerant types of wheels, Later the studies will be extended
to izelede the inter-relptionshipe between soil type, machinery
Maragenent syptema and elimatie egonditisne. An integrated pregreroe
neing fall ecale vehicles in o f0il tank (1S c x 22 z 0.5 @) and in
the field is onierwny amd tds veper considers some praliminary remiltis
uping gonantitative techmdigues for commasing compaction under different
wheal eyetems,
SELECTLOR 0OF S0TL FROFERTIES

Apart Prom an increage in tmlk density, compaction resulia in
changes in many pther phygical properties which may be of more pras—
tiesl importance. Seil properiies selacted for measuremesnt showld
rreferably ghow high senaftivity i.e. a largs change in valus in
relgtion o the errora of measurersnt and be capable of rapid and
comranlent messurement with s high dagres of spatial mwsoluotion. The
regzlts ahculd e of relevanca in intervoeting aoil responges with
rezpect to plant growth and foT rachinery operation, A boobarty
related to root grovth (e.g. in some =oile cone resistance] mey be
ungui %l for the assosement of a0il strength nese the smrfaes which
ig of pariticulsr importonce in asseppiog divect drill performaoee in
zero=tilleage erperimente amd for which vane shear streagth would be
gore appropriate, ur aprroach is thorefore to Doastire z Saoy roloe
vant s0il ohysicel rreverties as circumstances permit. The tests
reteiving ooel attention here are as followe:
oy ol density, total corooity, air-filled mornsity. The gabma=-
ray tramgmiggion method with squipment aimflar to that dassribed by
Soane et gl, {1971} is uged but with 2 oo spacing between probes.
deadingg are ohtained a2t 3 oo ineramantz $o 39 om depth with the prates
ingerted by hand or hydraualically. The mathod, theugh mush ouiskar
“han the ugse of core oampling, iz £till slower than the metheds used
for geil atrength. Tdatuxbed sampler evw taken by & screw ar tobe
avger for wolter covtont mramoetent b oven drring,

LE. 1.



Sona resistance. 3 12,9 oo dia. ¥° cope iz inserted at 30 mofa
either by hand or by slectricel drive, HReadings tskeo at 3 cm incre-
=ente to B oz dapthk weling ¢ positions 10 com apert across wheel trzck,
Cagnetic taps oecoTine io wsed om the goil tast trailer, The method
ig rapid, coovenient and ebows a2 Rigzs degree of ppatial resolution and
eenEifivity.

Tgne shear strengvh. 4 19 mm dia., 26 mo high, fowr bladed wane is
itgeried erd rotated by kamd, fexizam sbass sirengtl 19 indicated By
a captive meedle against & calibraied dial. In these feste, Meaddngs
were takan at 18, 27 and 3¢ cm depth. The aothed is wery gquick and
gicple tg gperate and kez & high degres of epatial weeolution azad
zenritivity,

Alr entry rate, A manoally or Fydrenlicelly=Iinserted sarseanster
160 m= dia, } iz uzed to measure the flew of air at a pressure of 20 oo
wvater zt the surfzee cr mib=zurfzce respectimaly. Deadings axe taken
in the widline of tha wieel trasi. The Sesults will bW welated pri-
marily to the ommber aof large porws Drezant.

Plate ainksge. A Tif mr dia. plate ia lowersd electrically at

30 mm!s wntil the mesiztacee yeachaz 00 X/ whish esrrespands
approzimately to ine inflation pressuve of many tractor Dear tyras.
Toad and zivksge are recorded oo Saguetic tape ard the recults
srpreeaed in teres of zitage (mm) or fhe slope of the load/sinkage
relationship (K% mn). While the methed gives no iaformation on the
digtrituticn of sub-purface xeil reepoaeer it iadicatesn the ralxtiva
pearing capacity of 4ifferent meile teforw arnd after the peeeoge of
vheely, readinge peing taken ir the pidlirme of tha whesl track.

In the soil tank md in eoe 2irTvudetances in the field, thess
meaguTenents ara undertaken frem a eoil test trailaer havinge 8 woeel
track of 2.8 x {Soane, 1975)., This hea the advantapge of aveiding
any foot traffi¢ over the teet wBoil arws, of dtilising elettrical amd
nydrgolie power gupplies from the towing wehiele to pid the ingerticn
I the test equipment and oay increpge the output of tept regulto wer
oar-day .

TRAMFLES COF SOIL RESPONSES

An exsmple of the change in bulk denndlty with the peamage of a
trastor wheel ovor sultivated oaedy loam in the fleld 1s abown in Pig.
. The coppactive change wap marked throughout the cultivated lawes,
Witk toe gamme-rAy transmisaisn method it in essy to take Teadings at
emall iseremerts of depth pormitiing detailed informmtion to ba guined
on the onaages of bPulk density in the mrefile which would be difffeul+
to ackieme by otber methods. :

For a sasdy loem eoil in the gsoil foex (30 cx depth lovose woil
prerivine compacted goil) the changes in core resiefance, vane shear
atrength, air entry rate and plate aiakage before znd alter the
rassage of a medivm power fractor with o cage wheel Citted are ohown
in vable 1. The inorease it vane shear etoength was =ipgniflicant
(P = 0.08) for both cage wheel and 4yre at 211 three denths wkersas
for cons rMeeiptance the Znercases were hot gignificamt at 10 ex depth
but significant st 27 ¢z depth. At 36 om Aepth tha increase in come
reaiatance was significart below the tyoe bat not beliow S cage
wheel., FPlate zizkage decivaasd signlfliaanily talow the cale wheel and
tyre, the graater difference belng below the tyze. The decremass IR
air eptry rate wan aigaificant uwnder the cagze wheel at =1} depths but
only at 19 cm below the tyre. Th e relative ckanges in theee
propertiee 4o not £91low a gimilar pattern in all ceses and forther
wars will be required o cornfirm the validy of the &iffererces and
aggesa their ircoriencea.

Statistical <0 gond. Where the test reenlt car De expressed ag

4 £ € I1QuUTE, &uf. ate zimk comparigcns ar< atraightiorward,
Tavever, mnpliéatignaPariae in gg;ﬁﬂing renulte of pmpaﬁiﬂa which
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TABLE T

THNTFIES OF CEARCES I S0IL FROFERTIES AS A RESTLT OF TFE PASEAGE OF
A MEOTEI POWER THEASTOR WEEEL FITTED WITE A TACE WESEL

Talue after Felative walue
Talae Passage o af'ter poesoas
Property  UUPW Yefore  (midlime) S.E. 2
LABAALE ! Cage Tyre
Cage Tyre Initial = 1730
mear of 10 positicns
Tane ghezr 12 29 29 2.h 3 240 2L0
=t b 2T 27 LT 3 L.h EY 170 220
{ a3/} 35 L 73 Ei T AR - B L 160
Ar emiry 138 13.% 7.5 9.1 0.8 25 55 &7
rate 27 a7 3.5 L2 D6 1% &1 ™
(1/min} 36 3.3 1.7 34 9.3 3% gt i
Plate
ginkzge 0 100 L3 2y A8 38 k3 2k
(mm}
Coms . 18 Lo T0 o 16 [T i+ 130
regigtanee 2T O 250 200 24 20 RO [ [a)
{EN/m="} 36 250 330 g1y 32 e T30 200
vary both hetizentally and verticgdlly
within the aoil below the wheel Ter bak Dery guc’
track, The aimplest approach ie ta g = H 1 .
confine attention t0 the eodl below - \hne Lrka .on
the midline of the wheel (Fig.1 end L.
Table I} and to compare geparately : e friam o
the resulte gbhtpined at different e[ ™ ™
depths, This appraach mpy be 7wk P

extemnded to regults ohtpined on &
two—dimeppional grid,. The uge of
statiptical techidiguen Tox
individual scmparisen of a
sonsiderzble pumber of grid pointas
mAY, Dowever, DeXely regcmerate o
complex pattern whieh is itzelf
difficvlit to inteTpret. 4

Moty briaa o ! awe e Iea
. i
T T
- .

the walue obtained st each point of .
oeggurenent before and after the

pragage ol the wheel and then .} Example of use of imditi
cbtaiping the sum (® x}, mean (I} ﬁfm level ag datum in amd?rl
and standard deviation {cr) of thosel of compaotion wmder trastor Teaw
differepces which reached a slected Juneel (MF 135, 1830 kg, 35 dW) ew
level of pignificgnce, in our cazse | nagsing aver oualtivsted =oil

simplifioation csn be made by e At T R Sy
aalraing the statiztical T {:;
significance of the dilference in ToeTen T 5 J

P=0.1, These paTadxeters Bay thenm be used to compere the effects
resal ting frowm different wheel syatems {azee Iater).

Iepth tranzformatione, Coaparisons of Tesults of tests made go acil
at different stotee ¢f compaction ave complicated by the protlem of
zelevting & commem datum lewel [vom which to meamare depihs

,__
oo
Lal



withio whe =amil pmofile. Iw meieral, wee of thé andil surface as 2
datult i mot satiofactery whaok the changers in tullk deasity ate extreme,
or where soils shriak or swell with changing soisture comditicms, but
it ie posaible ih soome cages To uge the surface in eitker the denee or
the logve atate apd the latter fechiigque iz illuetreted in Fig.d. The
patchinge b bulx density velues within the gukbgeil agree within 1 om in
deptn, in spite of a 9 o cpange in lemel at the oarface ag the reault
of the paszage of a tracter wkeel., Another techatiowe is to apply to
the dépth scale a progressive correction, the magnitode of whaichk iz
bazed en the differences betwoen the initial znd the [Gmal bulk demaity
valnea for sqecessive depto incrementa [Fidgesn and Seane, 1976}, This
correction kaz besn empleyed ior meafaremenie of bulk deéeneity made ower
a period of eight yaare in a zero=tillage experizent, the Linal bulk
denegity p=ofiie beiag uaed ae the reference state. At the sitart of
the weriod Bn WpweD: dizpiacement of data pointe by 3 €3 wad Teouired
for readingz aT 33 cm depth (Fig.?). Chenesc nesrer the sarface or
later in tke zegwence of measvremenis wers alipht.

Jata toassforoaticon. Hesudts of bulk densiiy oF pOoTesily mEamoamen s
say hawve li4tls interpredive Talue unless they are expresssd ag a
dimengionless Toatio,nuch as 'degree of coopactuess' {Efkanssan 1973) or
trelative compactien' {British Standard Fastiiution 1975), by vhich the
Talue 13 Telated to that in p reference pecking state obiaiped in a
stavdard laboratery compaction test, Bullk denspity rmesulte obiaiped
ztlter differeat periode of zero=tillage for coatinuons tarley bpave beep
cepvezted to the relatiwe compactimn besis (Fig.2)} and these show that
in this ewperiment the cumulative compaction from wheel traffic resulis
im a progoespive incrpase in relative compaction umtil a walue of about
0.9 is Teached (Fidgeon apd Scame, 19T},

SOME FEACTICAL ASFECTE QF COMPACTICRN SESELRTCH

It ie of interest to odplore tecbnigues wvhich could achieve a
reduction or a redirtribotion of eoil cobpaction wmder wheels within the
confgtraints of commercial operaticns.

Tadustion in whegl traffic. From pmierons tests in the field we know
ihat a cooeidetable amoumi of coopaction oocurs during wheal traffic
over ceedords [Fig.1) and at cereal harvest (Fig. ), and the changee in
ooil praperties soturring during thess opermtiona appear to have a
dooinent effect on eoil corditions throwghout the year [Soane and
Pidgeon, 1975). Cereal faroers now have the gptica of reducing tre
amyunt of wheel treffic during the preperation of a sesdbed by the
adoption of teckriques for reduced or zero—tillage or by limbeg
traditional implewments together {Fattersom, 7973).

Dedigtribntion of compgcticn, The Dospible gptione for abtaiping o
redigtribution of compaciioe include spreading the a0il CPEFPOREEd BEoTE
widely snd mmiforoly gr, aliermatively, concsgtrating the effect into
narrower bands, The pogeibility alsc exisie of mwving the zone of
maxizngs cazpaction io greater or leseer depiths, Thus the effectz of
variation in the digenaicone, mumbers, tFpe and arrangeneat of whesls
and the inflation preszvrre of tyres oo the nature of the compgetion
patterno need to be examinad. A more draxatic effect is likely to
cesult {roa the partint or total restriction of wheel traffic to pre-
detexmived locations.

We nave inveatigeted im the soil tanlk the chawges in diateibotion
<0 voil compacticn wder the wherls of medivs pice, lipghtiy ballasted
tractors (MF 165, 2730 g, L6 X¥: BB 990, 2640 ke, L3 W) whem cage
wheels and normal wheels have been uwoed in various ways wmder Tero-alip
canditiemg. T™he gendy losm soil, estimated to be at S=10 tar woter
tengicn, Wwas looge to 30 cm depth and cempastad to a core resiztanca of
atort *2 bar below, Fig.h (a-r) illustrates the resuite obieined for
cole mesistgnce mezsurementa, The addition ol a commareial cage wheel
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Fig-2 Chawyes in relative compaction Tig.1l The variation of bulx
due to wheel traffic. during an eight dempity in and qut of the
yoor meried of gero-tillage lor barley, wheel track of a combine
The dashed line showe data for 1967 harvester in relation ta the
plotted at corrected depths eguivalent tillage methed meed for
to theae af the 19T0-TL dzata Erowing continuons bBarley

far six yeara

{134 cm dia,, 35 em width} %o the rear vheel (11=3¢ tyre)of the NF 165
+ractor resalted in o mavkedly wider distrabution of cospaction and a
reduction in marimm intensity (compare Fig. L{b) with {a))., The smmz
of the compactive elfects withla the arez iz whish the differemcen wers
gignificant (7 x) were aimilar for both tcoata. The mean incTeadse in
cone regiatance (I) wes L.7 bar fer the tyre alome but ooly 2.7 har for
the +¥re¢ pluz cage wheel. The distribation of ¢cmpastion wmder the
‘yre plue cage wheel wap Murther Eha.ngeﬁ b redusing the inflation
preszure of the tyre from 50 kK/®* to L0 ii/ef, Fig.d{d) shows the
increasd in the come resictanse wider the age wheel resuliins from ithe
redaetion in tyre inflatiom pressure, a &Fs increase in the sum of the
compaction effect (£ x) being chtained al:ihough theTe was no change in
*he gean level of compaetion. It seems probable that the redistribmion
cf compaction achieved by Fitting cage stecls, i thousht desirable,
would be obtained more effectively by usins latger diameter cage wheels
than are comaonly employved though transfe--ing a @xeater propoartion of
the axls load to the cpge wheel might requive a stkemgthending of the
cages wheel, ite fitting mwechani=zm and pozsaile the tractoxr back axle,

An erperimental cage wheel (10 cm fisdeter, 39 om width) was used
az B subztitote for the tractor rear wheel |coupare Fig.LiL) aod (e)).
The smm of compaction effect wae inerescsed Dy 7% thomgh o deoTeaded
from 1.7 to 1,0 bar, tke response being sprezd out ever 2 much wider
bamd, There wape little difference in the average valuee (x 2.7 bar,
%, = 2,% bar), €

I

¥hen a tyre with pommal inflaticrn pressure WMas nm over the wWheol
track foar n Becond time the additicmal ceoxrpactiem, Fig.bhfic), wam
confined to a band somewhat gbowve the zone of marimmm ¢cmpaction walsh
soearred during the first pase, &o inoresse of ¥7% 4o = x being
~econded, This temdency for the zone of Saxinum comwaction ito
approach the surface with Tepetitive pasease of wheels bez aleo been
Teund in the field. e conpaction effecis of the passage of A
combine Bzyrester wheel alea depended an tke ocourrence of previows
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wheel traffic (Fig,3}. Soil which has beem deep ploughed followed by
100% coverange of wheels duripg eeelbed operptions was atill in a
readily compactable state at harvest wvhersas poil which had rémained
wnesitivated for eix yesrs with Parler growk by direct drilling had
sulficient atrength to resiat further compacticm gt harwest,
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Fig.L The distritution of inereases in cone recistance (bar = 10¢ x
¥ /m% ) resulting from the passage of a8 tyre (8 aod e), = tyre plus
cege wheel {0}, and a cage wheel alone (#).  Diegram (o) showe the
additicnal =ffect from 8 second pass of the tyre while 5&} indicatia
the additional affect rTesulting fraa the uxe of WO kN/p® inflation
pressure instead of 00 k¥/e? for the tyre wies used with & cage vheel
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