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SUMMARÏ

Two field experiments were und'ertaken at tbe Waite

Agricultural Research Institute' near Adelaide' to study the

influence of intensity and frequency of treadi¡g by sheep on

pasture density and' tillerj¡rgr pasture growth' seed prod'uctiont

pasture regeneratíon, and on the soil' The technique described

by tsdmond at Palmerston North' New Zealand' was used to study

the effects of treading per se on plant and soil' The studies

were of short duration (two to three months of treading) to fit

into the rainfall pattern of the envi-ronment'

stu<lies were made cluring three main phases - the treading

phase, the recovery phase and the pasture regeneration phase'

During the treading phase the direct effects of treading on the

plant-soi-l interface were studied' while the residuaf effects of

treading vJere assessed during the recovery phase and the

regeneration Phase.

In E>cPeriment '1 , the effect of intensity and frequency of

treading was studj-ed using bhree densíties of a mixed pasture of

subterranean clover and annual ryegrass' The low density pasture

suffered most treading damage' The infl-uence of treading on the

pasture $ta.s shown by decreased pasture density and tiller numbert

depressed pasture yield and poorer pasture regeneration the

following year. Treading intensity had a greater effect than
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treading freqrrency on a1.J. these variables' Greater treading

intensity and more frequent treading caused the greatest damage

to the Pasture.

In Experiment 2, the effect of intensity and frequency of

treadilg was studied with five pasture swards (subterranean

clover, annual ryegrassr a mjxture of these two species' cluster

cloverandperennialryegrass)withandwithoutdefoliation.An
j¡rcreasedtread.ingíntensityhad.the6reatestinfluenceonthe

swards¡ there was a decrease in plant density' pasture yield

andintheplantnumberatpastureregeneration.oftheswards

perennialryegrasssholvedthegreatesttolerancetotreading.In

generalthegrassSpeciesu'eremoretolerantoftreadingthanthe

legumes.Clustercloverwasmoreto}erantoftreadingthan

subterranean clover. Defoliated pasture ulas more sensitive to

treading damage than the undefoliated trodden sward'

Inbothexperimentstheresidualinfluenceoftreading

persisted during the recovery phase, and during the pasture

regeneration phase j:r the fotlowing season' The effects on the

pasture \ffere more pronounced' than the effects on the soil'

Investigationinlotheeffectsoftreadingonthesoilwere

concentrated on the estimation of soír compaction. soíl- bulk

density,tota]-porosity,penetrabilityandsoilmoistr:repercentage

were determined to assess the degree of soil cornpaction. There
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was evidonce of soil compaction as shoÌvn by the lncrease in the

penetrability valuest which appeared to be n more sensitive j¡rdex

of soil compaction in this study than the bulk density' total

porosity or the soil moisture values'

Despitethetimelimitsoftheseexperimentsa¡rdthe

limitationsetbytheclirnatlcconditions,itisconcludedthat

theeffectsoftreadingonthepastrrrearefargreaterthanthe

effects on the soil. Finally, the overall influences of treading

on the an¡r:al pastures in this Mediteffa¡ean envirorunent appear to

be simil,ar to those observed on pereru:ial pastures ín temperate

climatic zotlêg¡
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1.O.0 INTRODÜCTION

In grazed pasture ecos='stems the grazing animal hae a¡t

importalt influence on the pasture through defoliationt

distribution of nutrients and seeds, and by treadi-r:g (Carter

1969). The term rgrazingr includes all these activities, which

are either complementary, destructive or both' While a good deal

is known of the effects of defoliation by the grazing animals,

probablyleastisknownofthegeneralandspecificeffectsof

treading.

Treading is the effect of hooves on the soil-pIant

interface. Depending on the treading i:rtensity and the physical

condition of the soil, the effect of hooves has differing

termínology. Trampling, treading, Pu88i-::8 and puddling, qualify

the effects of hooves on plant and soil in their ascendì$g order

of magnitude, under different physical conditions of the soil'

i{oof cultivation has a long history; the padd.y tracüs of most of

the Asian countries employ the animat hoof for puddling the paddy

soils and for destruction of weeds. In southern England sheep

folding was long practised for the consolidation of light soils

(Frame 19?1). In New Ze'^Iand Packard (195?) observed improved'

moisture relations for plant growth when coarse pumice soils were

consolidated by sheep treadi¡g. The combined effects of

defol-iation, treading and excretion have been particularly valuable
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in reclamation work by surface-sov¡ing tech'iques such as the

fMuirfadr system (Harkess 196Ð. Here, gtazlng helped to depress

competition from existing pasture; treading broke off bog myrtl-et

brackenandbraeberryshootsrcurtivatedtheseedbedrburíedthe

seed and firmed the seedl-ì¡gs so simurating the action of curtivatort

harrow, drill and rollero

Although the general effects of treading have been

appreciated i.n the past, generally these have been neglc'cted in

pasture mana6ement studies' However' with the shift in emphasis

fromper-animaltoper-acre(orper-hectare)asabasisforassessing

anirnalproductionrtireimportanceoftreadingdamageislikelyto

i-ncrease. McMeekan (g>O reported that high efficiency of

pastr.rre utlirízatron was dt'-termined by the greater number of mouths

harvesting the pasture' Freer (g>g) noted tkrat higher stocking

rates were accompanied by gre'ater grazíng times' Thus higber

stocking rates, i:rvolving greater grazi:rg times' lead- to the

increasedimportanceoftreadingasafactorinpastureproduction

and utili zatlon. This implies that increased tread'ing effects are

thecertainconsequenceofincreasedinsitupastureutilizatior,..

Mitchell (lg6o) and Edmorc (1960) contended that, wittr the tendency

to increase stocking rate, treading datnage to the pasture could be

a dominant factor in p1aci.:ag a ceiling on herbage yield' and a¡ima]

production.
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Treading studies so far have been rnainly confi¡red to

perennial pastures (e.g. Krecka 193?¡ Edmond 1)JBa' 1967' 19641

1g66t 1g?oi Pieters p61i Brown 1968' 1g?1)' and little attempt

has been made to examine the influence of treading on annual

pasturespecies.Abetterrxrderstandingoftheeffectsoftreadi:rg

onvegetationandsoi},andthemechanismoftreadi¡'g,willfu¡ther

assrst our understanding of rnanagement of both perennial and annual

pastures.

The Proi ect

The studies reported il this thesis were undertaken to

evaluate the effects of treading on the pasture-soir interface

underseveralpasturesattheWaiteAgricultura]-Researchlnstítute.

Two field experiments were undertaken in 1971 as follows:

Experiurentl-Astudyontheeffectofdifferentintensity

and frequency of treading by sheep on a mixed pasture of

subterranean clover and anmrar ryeg'ass, established with three

sowing densities.

Ercperiment2-Astudyontheeffectofdifferentintensity

and frequency of treadi-ng by sheep on five pasture swards with and

without mowing.
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Plate 1

General view of the treading procedtrre involving a smalf

flock of t5 lvlerino wethers.
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2.0.0

follows:

1.

2.

7

4.

REVIEìÌí OF

The revieu, of literature is divided i:rto four parts'

The treading animal.

The effects of treading on vegetation'

The effects of treading on soilt

Some beneficial effects of treacling'

as

?_.1.O The Tr Animal

lÁrhire the effects of treading on pasture and soil have

beennotedforalongtimeitisonlyrecent}y,withthewidespread

use of high stocking rates, that the impact of treading on animal

production is being appreciated'' With the goal of greater animal-

productionr pastures carry more animals per rrnit area than before'

pastures provide feed as werl as the basic physical support for

bodyweightofthegrazinganimals.Pasturesofgreatercarrying

capacity imply greater production of herbage and involve heavier

animal;loadsperrrnitarea.Thefacttinalgrazirrganimalsdonot

remainstationaryforlongperiods,theirmovementsbeingconditioned

bymanyenvj-ronmentalfactors'j-ncreasesthecomplexityandmagnitude

of treading damage.

Theactivitíesofgrazinganimalsonpasturefnaybegroupecl

into three maj:r categories, viz. grazing, idling and resting' The
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bodyweightoftheanimalwhilegrazingandid.]-ingiSEupported

on three or four legs and the pressure is exerted on the ground

throughthej¡hooves.Thetj-mei.rrvolved.intreadingisthetotal

time sPent in grazing and idlirrg'

2.1,1 4Irimal locomotion

Locomotion i-s described as the act or po\À/er of moving from

plaeetoplace-continuousprogressionfromastateofrest.When

an animal is carrying itself forward by any system of regular motion'

its limbs j¡r relation to the body have al-ternatively a progressive

andaretrogressiveaction(ottawEly19,5).Quadrupedsernployall

four feet for the purpose of support and propursion. The duration

ofcontactofthefootwiththegroundvarieswithdifferentani.mals

underdifferentsystemsofrnovements.Muybridge(t899¡byphoto-

graphicanalysisdemonstratedthatquadrrrpedsemployeightdifferent

regular systems of progressive motion as follows:

(r)

(2)

G)

(4)

(5)

(6)

Q)

(8)

The wa1k.

The amble.

The trot.

The rack (or Pace).

The canter.

The transverse-galloP'

The rotatorY-galloP'

The ricochet.

During normal stride, quadrupeds use all four linrbs as support and

their movements consist of four steps' These steps may occur

singly' and at approximately regular periods of tirne' a's in the

walk; singly and at irregular periods' as in tlie amble' the canter
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or in pairs' as in the trot or i¡r the rackor the gal1oP;

(Brown 1957).

2,1.2 The hoof load

The body weight of the anima] is taken on the hooves dr':ring

Environmental fãctors condition

LulI ( 19rÐ caÌculated the static
standing and during locomotion'

the effect of hooves on Pasture'

ground pressure exerted by cattle and sheep and reported' that sheep

with an average weight of 120 por:nds (54'5 kg) exerted a grou:rd

pressure of 9-2 pounds per square inch (o'65 ug/ct?) and cattle

with the average weight of '1rJ5O pound.s (612.9 t<g) exerted a gror'urd

pressure of 23.9 pounds per square i¡rch (t.68 U6/cnZ). Therefore,

it is not surprisilg that cattle cause more severe poaching of

pasture than do sheeP"

2.1.7 The hoof manoeuvreability

The hoof exerts a vertical compression and a distinct

horizontalrotatorytwistwhenitleavesthegrorrnd(Davies1938).

Considerlng these actions, the treading force of a hoof can be of

four conPonents:

( t ) ComPression

(Z) Shear

3) Twist

(4) Kick

Theintensityofthesecomponentsvarieswiththeconditionofthe
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pasture and the animal activity; when the anirnal is runnilg or

galloping, the kickilg component is greater than when the animal is

walking.Rrrnningonfirmsorlresultsinlíttlesoildisturbance

but Plant damage maY be high'

2.1.4 ement of the hoof

Pfacement of the hoof on pastures becomes an important

consi,deration in pasture variability' Under i¡tensive grazíng

management systems such as strip grazin6' the placement of the hoof

cou}dbemorerrniformonthepastrrrethaninthecaseofsetstocking.

Ïntensivehooftrafficwasobservedneardesiredobjectivesljlfe

waterpoints,saltlicksandshadeundernormalconditiorrs(Bates

1950; Lange 1969)' Other aspects such as steepness of the slopet

roughness of the terrainn are all important in determining the

intensity and distribution of animal traffic' Mueggler (geS)

observed that on a 1Ú/o slope the cattle were within 810 yarcs of

the foot of the slope and on a 6ÚÁ slope' 75% of use was withi¡t

onLy 75 yards of the foot of the slope' Skerman 3956) stated

thatthewinddirecEionalsodeterminodthegrazingpressureinthe

grass tussock country of Queensland'

2,1.5 AnimaI behaviour

The behaviour of the grazi'g aniurals may Í:rfruence the

treadi-ngpatternonthepastrrre.Environmenta]-factors'suchas

the area availabren the quatity and quantity of the feed offered'
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andtheindividr:a]-preferenceoftheaniumls,d'eterminethegeneral

grazilgl behaviour. Tribe g95Ð reported that the grazilg time

anddistancetravelledvariedwiththequantítyandqr;al.ityofthe

pastrrre on offer, and with the area available for grazÍ-:rg, llihen

largerareaswereoffered,thedistancetravelledingrazin8u'as

increased. England (t954) observed an -increase j¡r the dista¡ce

tra.¡eIled where the offered pasture was of a poor quality' Grazing

behaviour studies give an ind,ication of the treading time iI pastures'

On average the amount of time spent lyj-ng down is for¡nd to be

between 8 to t hours in temperate pastures (Freer 1959) and p to

,lOhorrrsi:rtropicalpastures(Fernandoandsivalingan196l).

rt should be noted fron these grazing-behavior¡r studies that about

a third of the ti-ne is spent lying down' and the rest of the time

is spent stand,i-ng (the animals either graziåg or idling) where the

bodyw,:íghtisdistributedoverasmallareaonthesoilsurface'
Selectivegrazingbytheanímalisanotherfactorinfluencing

grazingmovements.Sincetheforageselected'bythegtazi:nganimal

is generally hi-gher in quality than the average on offer' a greater

amorrntofmovementandtirneareinvolvedirrthisselectionof

qualityher.bage.Arnold(rg64)Iistedtheaníma}factorsinfluenci'ng

herbagese]-ectionandstated'thattheplantrraterialavailab}eto'

and selected by, gtazLng animals may be determi¡red as much by the

animalasbyclimateandsoilfertiJ-ityandneerlnoti¡ranywaybe
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related to the total dry matter per r¡¡it area on offer'

The increase in nutritiona]- require¡.:ent is another factor

influencinggrazingtine.Cresswell(lg6o)observedanincrease

ingrazingtimewithpregnancyorlactation.Ingeneralitimplies

more grazing and idling time' and a consequent increase in the

effects of treading on pasture and soil'

2.2.o The Effec ts of Trea V

The effects of tread'i-ng on vegetation became evident with

the studies of Bates (glÐ' Iie studied the vegetation in gateways'

fierd or farm tracks, and water- or feeding-trough areas, and'

commentedonthestructuraladaptationofcertainplantspecíesto

survive treading damage' Davies (gtÐ studied the vegetati-on of

grassvergesandotherextensively-trodd'enhabitatsandattributed

the persistence of certaj:r plants to species adaptation' In

Aberystwythheobservedpersistenceofcertainvegetationrnder

conclitions of persj-stent gtaz)stg' The ingress and' destruction

of certain types of weecls j'n an over-grazed pasture in New Zealand

hasbeenattributedtotheeffectsoftreading(Edmond'1966).

Theencouragement'ofcertaj-npastrrrespeciesandthedestructionof

others by grazing and' t^eading' emphasizes the effects on vegetation

arrdtheinherentabilityofcertainpasturespeciestosurvíveby

theiradaptatj.ontosuchconditions.Ed,mond(1964)studiedthe



11 .

effectsofsheeptreadingonthegrowthoftenpasttlrespeci-es

and.ranked.theminorderofthemost-toleranttotheleast-to}erant

to treading. Ellenberg ?gsÐ studied the treading tolerance of

pastrrrespeciesandlistedtheplantcharactersconnected'with

their tolerance as follows:

(f) Annual species with flexible stem and' narrow or

lanceolate leaves.

Q) Rosette plants with ftat leaves but with tough vascular

bundles.

G) Fast-growÍng bottom Srasses with good regeneration

and tillering abiJitY.

(4) Shallow rooted' turf plants with creeping rhízomes or

stolons.

In ad.dition he stated that the species most susceptíbIe to treading

were found inrlpure mowing meadowstr. The main features of these

species were listed as follows:

(t) TalI growi¡g stemmY Plants'

Q) Climbing plants.

3) Plants with a high basal leaf'

(4)Slow-growingspec,-esv.¡ithlimitedregenerativeability.

Discussion on the subject of the treading tolerance of

pasturespeciescouldbedivid.edintothosefactorsrelatedtothe

morphological and physiological attributes as follows:
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2.2.1 Morphology

The position of the growing points, the growth habit and

the protective tissues are the nrain points of consideration under

the morphological adaptation of the vegetatlon to withstand treading

d.amage. Bates ?gSÐ drew attention to the nature of the footpath

vegetation and attributed the persistence of Po" .pI@ L' and'

Lolium !ry L. to thej-r morphologí-caI adaptation by the possession

of a conduplicate stem and folded leaf section, v,rith the cryptophylic

habit of the growing points. Edmon¿ (tg64) further stressed the

morphological adaptation when tlrere \¡/as a highly significant

treading X species i¡rteraction (P < O.O1) in nis experiment, with

d-ifferent past're species. Using lÌ, B, '16 and J2 sheep equivalents

per acre he demonstrated the importance of the morpholo¡3ical features

of different species to tolerate treadi-ng damage. He traced the

treading tolerance of þ pratensis L. a¡d Poa trivialis L. to their

basal growth characteristics. The rhizomatous growth of the former

and the stoLoníferous growth of the latter have been the main features

associated with the treading tolerance of these species.

The sensl.tivity to treading of cocksfoot (Dactylis

elomerata L. ) has been attributed' to the elevation of the growing

points above the soi1, while the treading tolerance of Timothy

(phleum þratense L, ) is ascribed to the protection of the apex by a

thick pad of tissue. Ta1]-growing stemmy plants, climbing plants

and plants v¡ith high basal leaves are reported to be most sr.rsceptible
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to treading damage (El]-enberg 1g5ù' Dona1d (1946) commented

on the lack of structural adaptation of the hay species to treading

damageandthedisappearanceofsuchspeciesu¡dergrazi|ng.

(a) Plant Tillers

Thevulnerabilityofplanttillersand'nodestotreading

damageisaniinportantfactorinvolvedinthereductionofyield.

Tirler number and vigour and. the abilíty to recover quickly from

damageareimportantconsirlerationsinassessirrgtheeffectsof

treading.Edmond?g6Ðrecord'edadecreaseintillernumbers

with aII ten pasture species in his study' Lancashire ?961)

noted a reduction i¡r tiller number and' vigour and observed

abnorma}ityinthetillersunderartificia}treadi¡rgtreatments"

Brown 19?l) reported a red'uction j-n tiller numbers i'n perennial

ryegrass and browntop (AgrosÏis ter:gÞ Sibth' ) ' 
and' a similar

reduction in the number of basal nodes of white clover'

(u) Plant Form

Treadingtreatmentshavebeenreportedtohavechangedthe

plant form. Edmond (g58ù noted a chan8e from the round, tufüed

anderectplantsofshortrotationryesrasstoonesofprostrafe

and elliptical form. In his later trj'als he noted that the grass

plants became tufted 'nd.er 
heavy tr:eading treatments (Edmond 1967,

1964). The change of plant form a¡cl character could be attributed
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to the direct injury to the foliage and plant parts and their

mode of tolerance to such damage'

2.?-.2 PhYsiologY

Edmond' ?g6Ð reported that the treading tolerance of

certain pasture species was related to their period of active

growth. He observed' a highly significant interaction between the

harvest time and treading treatments' Perennial ryegrass and

short-rotation ryegrass (Lol-ium perenne L' X ELtlg m't'lJiflorum L')

werefoundtobemoretolerantoftreadinginwinterthaninsulnmer

whereas white cl'over (Tlifolium .¡9Bg L') exhibited' more tolerance

in sunner. Slow-growing pasture specíes with limited regenerative

ability were found to be more susceptible to damage by treading'

Lack of vigour of the root system, d.uring the period of srow growtht

isoneofthefactorsresponsibJefortlreslowrecoveryofsuch

species (ÊL1enber 8 1g5Ð' Evans (g6Ð referred to physical

strengthofperennialryegrass'associatedvuiththehighproportíon

ofsclerenchymatissue,towithstarrdthewearandtearofthehoof.

Bates ?glÐ stressed the importance of bi'otic factors

rather than edaphic and climatic îactors involved ín treading

tolerance, and attributed treading tolerance both to morphology

and physiology of the pasture species"
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2.2.7 Yield comþonents

(a) Dry matter vield.

Pasture yield' is the product of plant nunber and plant

growth.Edmond?g6Ðobserved.aretrogressivedecreaseinplant

number with treading intensities, at the early growth phase' synnot

(lg6Ð reported a decrease in plant numbers i-n Wimmera ryegrass

(LoliumrigidunGaud.)andsubterraneanclover(Trifoliqm

subterraneum L. ) cv. Yarloon with different j-ntensities of treading'

In almost all sturlies of treading by grazing animals it has

beenreportedthatd'rymalterprod'uctionhasbeendepressed.In

theannualpastrrreoftheMediterraneanenvironmentofsouthern

Australia, Underwo oa ?956) refered to the destruction of the

vegetationbytearingoffthebrittleleavesbytreadingarrimals.

Of Connor ?g>Ð reported a 3Ú/o reduction in the herbage production

in cocksfoot by treading. Rossi+.er (rg¡B) reported a reduction in

the dry matter yield of 22% due to trampling and losses through

Summerrains,inanannualpastureoftlreMediterraneanenvirorrment.

Tramplingbylivestockhasbeenreportedtoreducetheyieldof

lucerne/smoothbromegrass/I,adinoclovermixtrrres]oy2Ø"(Tanner

andMamarl:lgSÐ.Edm.nd(1964)observedthattheheaviest

treading treatments caused the greatest reduction in the dry rnatter

yield.ofvariouspastrrrespecies.Muller(g65)obtainedaloss

of 5 to 10% of the plant yield by treading' in West Germany'
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Brown ?gZ'l) observed a decrea'se j¡ herbage yield of 61% at a

treadirrg raüe of 48.o sheep er,uivalents per acre ( ll\'6/na') tn

a pasture of browntop and white clover' Dry. matter yield is

found to be affected by d.irect darnage and by indirect environmental

factorssuchassoilconditionandmoi,strrreregime,influencedby

treading effects.

(¡) Seed vielcl

Another factor which has been reported to be influenced

bytreadíngistheseedyieldandseed-headnumber.Edmond(tg¡8¡)

reportedagreaternumberofryegrassseedheadsonheavj-]-ytrodden

plots than on lightly trodden areas v¡hiIe Brown (1968) observed an

increaseinseed-headnumberand'seedyieldi.:epererurialryegrass

andTimothyfollowÍngtreading.Brov.rntopshowed.adecreasei¡l

seed yield' while seed-head count and' seed yield of cocksfoot was

unaffected by the treading treatments (Brown loc' cit')'

2.3.O The Effects of lreadine on Soil

Pastureisinfluencedbothclirectlyandindirectlybythe

treading of grazing animals' Direct effects on pasture are

attributed to physical damage of the growing point and other plant

parts. Indirect effects are brought about by the effect of

tread.ing on the soil supporting the pasture' Conditions influencing

thephysicalpropertiesofsoilsareforrndtoinfluencethevegetation

it suppor'ts and the effects vary with the soil type'
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2.3.1 Soil types

Treadingisfor.¡ndtohavedifferenteffectsondífferent

soil types. Light-textured, sandy soil with low organic matter

is generally improved by compaction brought about by treading'

Soil compactÍon helps to create a firm seed bed and improve the

water holding capacity of these soils' Keen and Cashen ?glZ)

studied. the effects of sheep fold.ing on sandy soil and reported

compaction of the soil to a depth of '10 cm. The greatest compaction

was observed at 7 to 4 cm depth. They also noted an i-ncrease in

crumb size and betieved that treading benefited these eoils'

Packard (gfÐ reported' thaL compaction by treading improvetl the

moisture availabÍlity on the light pumice soiJs of New Zealand'

Frame g9?1) mentioned the benefit of noderate treading on light

dry soils and the practice of sheep folding for better conclitioning

of these soils in southern England'

Ileavier soils are known to offer resistance to treadíng and

this may impair their struct,re. Gradwell ( 1966) observed deep

hoof penetration on wet alluvial soil under pasture and reported

the incidence of ttpuggedrr pastures.

2.3.2 Soil compaction

oneofthemaineffectsoftreadingbylivestockissoil

conpaction, Lul1 ( 195Ð defines soil compaction as rrthe packÍng

together of soil particles by instantaneous forces exerted at the
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soilsurfaceresultinginanincreaseinsolldensitythrougha

decrease in pore spacert" Soil compaction is usually harnful

forcropgrowth,excepüincertainlig}rt-üexturedsoilswherethere

maybesomebenefitintreading,asmentionedinthe-rastsection.

SoiI compactíon becomes a problem when the stocking rate

or stocking density on the pastures is jlcreased' Compaction

depends upon the load and stress per unít area' Sears gg=6)

reported the pressure exertetl by the hoof of a Jersey cow to be

)
about 45 Ib per square i¡rch (3.16 ttg/.nt) and the pressì'rre exerterl'

)
by sheep to be about Jo lbs per square inch (2'11 uglcm-)' He

calculated. that each year a dairy pasture producing 12'OOO lb of

dry matter could receive approximately 8 complete hoof compactions

)
of45Lb/in-.Lu]I1gsÐcalculatedfromtheaveragebeari.ngarea

ofsheepandcattle,thegrourrdpressure(sùaticload)exertedas

follows:

Anitnal

Sheep

Cattle

Average
bearing area

22
irr cm-

Average weight

Ib kg

Ground pressure

Lb/tuz uC/crr

13.O

56.4

83.9

363.8

120

ltt o

54

613

9.2
23.9

0.64

1.68

Durilg rnovementr pressures would be greater as body weight is

distributed over smaller bearing surfaces'



19.

Edaphic factors uenc comDaction

Soil-textureandsoilstructure'soi:Ldensity'moisture

content and organic content are some of the common site factors

that affect the r,ate and degree of soil compaction'

(a) Soil T extur e and Structu¡e

It is generally known that the coarser the soil' the lower

its density and the more tiable iù is to compaction' Huberty

(1944)observedthatthesoilswithawirlerangeofpartic}esize

compact to much greater densities than the soils of uniform particle

size. Light soils are known to benefit from compaction' but il

the case of heavy soirs compaction rûay be damaging. Medium-

textured soils, i.e. Ioams, sandy foamsn and silt loamst are forrnd

to form hardpans, due to compaction (Raney g! ù- 1955)'

Soi]-structurealsoaffectstLredegreetowhichasoilcan

be compacted. We1-1 aggregated' soils are known to have Iow bulk

densitiesrwhichrinturnrmayinfluencecompaction"Lull(1959)

contends tha.t under compactive forces' the aggregates are crushed'

particles fiII the inter-aggregate spaces and permeability i's

reduced. He attributes the destruction of aggregates' normally

associated. with grass covert to trampling' Alderfer and }4erkle

(lg4l) observed' that the tand under bluegrass or other sod-

producing grasses, if not subjected to compaction may develop a

degree of granulation equal to or better than that found in forest
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land.

(¡) Soil Density

Under equal stressr compaction will be a function of the

initial d.ensity, all other factors beilg the same. The less the

density the greater the compa.ction. There v/as a Jl petcen|v

d.ecrease i.II compaction with a ! percent increase in bulk densityt

and a 1J percent increase in bulk d.ensity reduced compaction 6l

percent (tutt 1959).

(c) Soil Moisture

Bruce (lg=>) observed an optimal relationship between

compactabilityand.soilmoistrrrecontent.Greatestcompaction

can be achieved when the soil is at a moisture content slightly

less than the plastic limiü (MarkwicK 1g4Ð. Orgonnor (g>Z)

contend.ed. that compaction was most severe at some j¡rtermedíate

moisture content and aggregaüe destruction may be most serious

under very wet or very dry cond'itions' Compaction has been

observed to be severe when the soil- is plastic after rains'

Maximum compaction is associated. with an optimum sojl- moisture

content (Li 1956).

(a) OrEanic Matter

Theamountoforganicmatterj¡rthesoi]-influencesthe

degree of compaction possible and al-so determines the moisture



content at which maximum compaction oocurs'

t4
I- t

The greater the

content of organic matter, the smaller is the maximrrm compaction

and. the greater the noisture content required for maximum

comp,action (LuII 1g5Ð. of0onnor (g>Q stated' that where organi-c

matter forms a surface mat, it may impart considerable bearilg

strengthtothesoilrevenuptorelativelyhighmoisturecontents'

The cushioning effect of forest humus and litter is supposed to

off er some protection for the underryi¡g soil (r'u11 Þ É)'

2.3.3 Effec of Co ction on S and

Soil.compactionisknowntoincreasethebulkd.errsityand

redrrce porosity, water holding capacity, water infiltration ratest

and soil aeration. Compacted soils affect the infiltration

capacity and encourage runoff' Alderfer and Robi-nson ( 194?)

reported that the compactlng effect of cattle trampling appears to

be most pronounced' in the first inch of the surface soil' From

thestand-polntofinfiltrationandrunoff,itisthislayerin

theprofileofwelldrainedsoilsthatisimportantindetermj¡j¡'g

their absorptive capacity for rainfall'

Physicalconditionofthesoilisknowntoinfluencethe

crop productivity and pasture growth' Wittsell and Hobbs 9965)

reported that the yield' of wheat, sorghum' Sudan grass and tomato'

was reduced by compacting a silt loam to a bulk density of

1.6 glcc" Flocker g! af' ( 1g5Ð observed a 62% reduction j¡r the
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yield of legume crops arrd' 24"Á reduction in the yíeld of other

crops tested., when a fine sandy loam was co;'pacted to a bulk

density of 1.58 a/cc. Adams et aI. (1960), working on silt loan

andsiltyc}ay,reported.thatincreasingsrrrfaceb.rlkdensity

from ,1.o7 to 1,1i g/cc lowered. yields of potatoes by J4o/o, sugar

beet by 1Jo/o, wheat by 13% and corn by ? '5%' Cornpacted soils

offered nechanical resistance to root growth and- limited their

development (Vrliersun 195?),

2J.4 The Effec ts of Compaction the ical Pronerties of

Soil

Changesi¡rtotatporosityandporesizedistributionare

the basic changes jfl the soil properties resulting from compaction'

Accompanyingthesearechangesinrnoistrrre-retentionproperties'

i¡rfiltr.rtion properties, aeration a¡d soil strength'

(a) SoiL PorositY

Soilporositymaybedefinedasthatpercentageofthesoil

,¡olume which is not occupied by solid particles (Baver 1956)'

Compaction, either by treading or any other means exerted' at the

soil surface, results in an increase in soil density through a

decreaseinporeSpace.Duringcompactionthesoilpartic].esare

broughttogetheranclfinegrainsareforced'intothevoidsbetween

coarse grains which were earlier occupied by air or water' thus

reducirg the total porosity. GradweJ.l (gS6) stated that the
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aompaction of moisù soils under treading m4y be expected to occur

mainly through the closing of air void's, i'€' a reduction 1n soil

porosity. He observed red.uced porosity in wet alluvial soils

under pasture on three grazijlg occasions' However' Vomocil and'

Flocker (96l) considered that changes in pore size distribution

wereofgreatersignificanceth¿rnchangesintotalporosity.

Baver (gy6) stated that an ideal soil should have the pore space

about equally tlivided between large and smalI pores' Such a

distribution will encourage both moisture and air passage through

the soil. Perhaps the nost important change caused by contpaction

is the reduction i¡r the total volume occupied by macropores and an

increase in that occupied by micropoTes. Alderfer and Robinson

(¡g4Z) reported that the high rate of *¡noff from a heavily-grazed

pasture r¡/as associated with a lack of soil cover together with

hig}rvolumeweightsandlowvaluesfornon-capillaryandtotal

porosity in the O to 1 inch surface soil layer'

(¡) Moistur tention

Themoisture-retentionpropertiesvarywithcompaction.

Gradwel-I (96É) observed an increase in density of the puddled top

soil associated with a decrease in porosity, and the i¡creased'

d'ensitywasaccompaniedbyareductioninthevolumeofvrater,

extractable at low suctions, which the surface soil had the capacity

to store. The tensions at which the soil moisture was held in the
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field, was found to be higher in the puddled plots on all occasions'

The unpuddled soils stored more water in thc available suction range

than puddled soils. Packara (g57) reported that a change in

pore-size distribution by compaction on punice soilc of New Zealand

resulted i.r: a large j:rcrease in tlre moistrrre-storage capacity of

the soil.

(c) Infíltration

Compaction of the soil by treading or other means is known

to have an effect on the j¡rfiltration capacity of soils. Treading

by grazing animals was found to reduce the infiltratj-on !1 percent

and. 6l percent in two clifferent forest soils in North Carolina

(Johnson 1952). The cornpacting ability of cattle trarnpling was

more pronounced in the first inch of strrface soil and' from the

standpoint of infiltration and rwroff, it is this layer in the

profile of wel-l-drained soils that is important in determining

their absorptive capacity for rainfall (Alderfer and Robj-nson

1947). In their later work Robinson and Alderfer (952)

concluded that the low infiltration capacity and high runoff

losses on many permanent pastures are attributed' to soil compaction

by grazing animals. They recorded \V/o of runoff on a heavily

grazed area compared to no runoff on aÏr ungrazed ârêâr Thomas

(r960) considered that poor water penetration on trodden areas

wasduetocompaction.Itiswellkno'¡nrthatincompactedsoils
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the poor infiltration properties give rise to soil erosion by

runoff water.

(¿) Aeration

An increase in apparent density of soils through compactj-on

reduces aeration by decreasing porosity (mainly non-capillary

porosity). Total porosity in soils could be partitíoned ínto the

trcap^llary porosityrf which is associated with water retention and

the trnon-capillary porosityrr which stores and conducts gases (Vomocil

and Flocker 1961). Since compaction is known to reduce or disarrange

the,porosity from the non-capíl]ary to smaller size capillary pores

and, as soil aeration is associaùed more with the former than the

latter, the immediate effect of compaction could be reduced soil

aeration. Millington ?959) attributed the reduction in seedling

establishment on the red-brown earth at the Waite Institute, South

Australia, to poor aeration brought about by the high apparent

densíty of the surface soil due to high rai-nfall-. Edmond (lg6l)

observed gleying in the top 1-2 inch layer of the soils under

heavy treading, which ïuas a cl-ear indicati-on of poor aeration

brought about by treading treatnents.

(e) Soil Strensth

This is a measure of the resistance of the soil to

penetration. It is commonly measured by a penetrometer. Tanner
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and Mamar iL ?95Ð contended that measurements rrrade on bulk

density and porosity were relatively ilsensitive to compaction'

From a series of measurernents made over a period of four years

theyfoundairpermeabilityandpenetrabilitytobemoresensitive

to changes in soil compaction than bulk density and porosity

measurements.

Mechanical resistance of soil to root development and

growthisunderstoodasalimitj.ngfactoringrowthphysiology"

Barleyctal.(96Ðreportedthatthepenetrationandgrowthof

roots were controlled chiefry by the strength of the soil. They

observed' that soil strength as influenced by compaction l-imited the

elongationoftheroots.PhillipsandKirkham(rg62)noteda

decrease in root elongation of corn seedlings as the needle

penetration into Colo clay decreased' The depth of the root zone

ofcornseedlingswasfoundtobere}atedlinearlytothed'epth

of penetrometer needle penetration' Meredith and Patricb (961)

havealsoreportedaretardationinrootgrowthduetocompaction

in three soJ-I types in Louisianan Edmond (gsïu) reported thaù'

thoughthere.uJasapparenttoleranceofperennialryegrassand

short-rotation ryegrass seedlings to compaction' their root

distribution was affected. Flocker et aÌ' (g>g) reported' delayed

seedling emergence and' blossoming due to soil compaction'

Soilsürengthisreportedtohaveaffectedtheburrburial
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in subterranean clover (Barley and Englanð' 19?O)' They observed

that beyond a critical value of soj-I strengtir the burr br'lriaL of

cultivar Dwalganup couLd be affected.. This occuffed when the

red-brown loam of Parafietd was compreseed to a buik censity of

1.J2 g,/cc.

The workability during cultivation of compacted soil is

well known to influence the load., work tirne and greater wear and

tear of the implements. Thus compaction by any means has a definite

infl-uence on crop cultivation and productivíty'

2.7.5 Rehabili- tation of Compacted SoiLs

compacted soils are known to regenerate in time by the

operation of natural climatic, edaphlc, and. biotic factors (Thomas

196ù. Swelling of soi-l colloids or heaving in iryinter, and the

activity of earthworms and other soil fauna, under high soil

fertility conditions are reported to be the natural means of

restorj¡gç the structure of compacted soil under temperate climatic

condition (Frame 1g?1). Harkess (965) is of the opinion that

frost and winter heaving of soil can ameliorate the effect,s of

summer trearling, provided that the fietd is rested from stock i¡t

winter. In the tropics. the treadi.l1g effects are bound to persisù

longer, owing to the absence of winter reconditioning where frosts

are absent, an¿ irrigation not feasible (Thomas 1960)'
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The activities of earthworms in soir restoration in the

red-brown earth of Adelaide has been reportect by Barley ?959) '

Eventhoughtheireffectsarequiteslowearthwormsarefou¡rdto

makeapositivecontributiontowardsrestorationofsoilstructure"

Edmond (r958a) contended that the earthworm activity, the drying of

thesoilandtheplantgrowthrappeartocontributeinparttothe

amelioration of the effects of treading'

2J.6 SoilinE of the Herbage

Soiling of the vegetation by mud splashing and transfer

duringtreadingisknovrntobeafactorj::'fluencj¡gpalatability

to the grazing animal. Soiling makes the vegetation unattractive

and reduces the availability for gtazing (Arnold' 1964)' Teeth wear

and soil- intake are cfosely related (Ludwig et a1' 1966)' In

general, soiling of the leaves will have an effect on the plant

availabilitY and PalatabilitY'

animal.

thus affecting intake by the grazing

2" 4.0 Some Benefic ial Effects of Animal Treadine

The effects of treading are usually associated with its

destructive roLe i-n pastures' Though the overall destructive

features are of more concern t}ran tbe beneficial effects, the

benefi-ts may be exploited for better Íanagement of pastures

(Donald 1946).

The benefit of treading light soils is exploited ín the
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rrÌ,luirfadrr system of sowing to get a compacted seed bed

(Harkess 196Ð. Mod.erate treading was found to benefit the dry

soilsofsouthernEnglandandhencesheep-foldilghasbeena

long.acceptedpracticeinpastureestablishmentandrenovation

(Frame 1g?1). Treading has been reported to open up pastures to

light penetraüion by preventing mat forrnation in ryegrass and

white ctover pastures of New Zea1,and (l,evy 1951; Sears 1953) '

The suppression of the vigorous growing Poa trivialis by treading

has been reported to reduce the plant competition in clover and'

ryegrass rnixed pastures (Sears 1956). The encouragement of the

desirable pasture species and the suppression of the undesirables

by treading is referred to as a fortunate step in the selectíon for

proved persistence (Edmond 1964). Brougham g! aI. (1960) contended

that, owing to the effects of treading, hardy plant species persisted

in pe-stures by a process of natural selection. Packard (gyZ)

reportedthatconsolidationbytreadingofthesoj.laggregateson

the light pumice soils of New Zeal'and irnproved the moisture

retention abilitY.

The ready avai-labiLity of certain plant nutrients is

reported to be associated. with treading effects. Bromfleld (1961)

stated that the phosphate present in the dung became more readily

available to the root zone through the action of the hooves of the

grazing animals, incorporating the dung into the soil-'
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Plate 2

Prelinrinary experiment conducted- at the Waite

Agricrrltural Research Institute in 1969, showing

the severe effects of treading on subterranean

clover and }ess severe effects on annual ryegrass'

Above Before treading.

Below After treading.
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7.O.O SITE OF EXPEIìII"IENTS

Thetwofie]-d'experimentswerecarríedoutattheWaite

Agricultural- Research Institute (Lab. 74o 5BtS., Long. ltïo 38'F,.,

A1t. 122.5 m) at Glen Osmond, near Ade1aide, South Australía'

The soil of the experiment site is a red-b¡own earth of the

Urrbrae u""i". (t,itctrtield 1951). He described it as a rtRed' brown

earth usually wÍth ten inches or more of top soil of' fj-ne sandy loam

texture, a prismatic structured clay subsoil and a calcareous deep

subsoil;transitionfromtopsoiltosubsoilmarkedbutrather

diffuse; free from gravel or stonerr'

The climate of the site is described as míId. Mediterranean

type of the warm temperate zonè. seasonal rains usual-ly commence in

March - June and conclude in september - December, most of the rainfall

being borne by south-west winds. January is regarded as the driest

month and JuIy as the wettest nonth of the year (Litchfield 1951)' In

19?1'theyearoftheexperiments,thetotalrainfallreceivedwas

34.53 inches ßZZ nù, and April was the wettest monüh with f .46 inches

(189,5 nw). The total rainfall d.uring the year was about 10 inches

(254 nñ above average. Some climatic data for the site is summariãed

in Tab1e '1.

until the mid-192}ts the ocperiment site was covered by

d.egradednativepasturedomj¡ratedby@.pp.Sincetherrthe
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area has been ¡nder various crops and sown pastures; just prior

to these treading experiments the site had been under ¿niforn

treatment. The site sloped. gently to the ïvest, the fall varyirg

from 1-2 percent.



TABLE 1

. CLTMATIC DATA FOR ]IIIAITE AGRICIILTURAL RESEARCH INSTITUTE*

T,at. t4o 58tS, Long. l38o 38rEr Alt. 122.5 m (oaity readings ¿'.t ogoo h¡)

Åir ternpe.rt*utr (oc)

Month

January

February

ì,larch

April
May

June

July
August

Septenber

October

November

Decenber

Total

Mean
1925-19?1

21.9

21;B

20.5

17.2

14.1

11. B

10.8

11.5

13.3

1r.5
17.9

20.o

1971 1972

21.3

23.7

23"o

19.5

13.8

11.7

11.1

11 ¡4

13.3

14.7

16.2

18.g

21.2

23.1

19.2

18.7

15.6

12.5

11;4

11.9

14.7

16.1

18.1

21.1

\r.l
\ñ
a

I
Sor¡rce: Meteorological Records, Waite Agricultural Research Institute.
A Class Pan (New Standard).. I Mean Dai1y.

Mean
1925-1971 197t 1972

624,t B7z.o 556.1

22¡4

26¿9

20.8

56.4
83.1

75.2
83¿3

71.9
60.z

51.3

39.9

30,7

17 ¿O

o.3
zqQ

189;5

129.O

8r,9

54.1

116.8

102.4

37.8
6g.B

38.6

t6.1
29.o

o.3

53.1
18. O

30.o

166.3

88.4

4z.z

39.4

21.8

11"5

I

i Evaporation koù/Rai¡rfall (mm)

Iulean

1960-1971 1971 1972

242.1

2O1.7

174.8

1O9.2

,9.7
4j.7
4515

63.o

95.5
149.6

179.6

214.1

234.7

214.9

194.3

129.5

59.7

39.9

53.1

70.g

93.2
141.5

15O.4

2o4.7

207.7

223.3

194.8

135.6

BB.4

71.9

52-.7

64.8

130.6

155.7

203,2

255.O

i58o.j 1586.8 1?82.9





34.

4.o.0 Ð(PERIME}üIAT

4.'l .o The TreadinE Technique

To study the effect of treadÍ-ng as a single factor free

from the other concomitant effects of the grazing animal, the

treading technique described by Edmond (t9¡8a) was used'

Ed¡nond assumed that a sheep walked 1.7 miles (2.74 tçt)

per day whlle grazing und.er norm"al conditions. An area ',l .7 miles

Iong and 4 feet'lO inches (147.3 cn) wide is a'',' acre (0.4047 tra)'

The dail-y passage of one sheep through a fenced plot with an

effective treading wid.th of 14?.J cm is assumed to simulate the

treading rate of one sheep per acre per day' Any stocking rate

and treading frequency may be simulated by passing rnr sheep through

the area every rdr days. For o<ampIe, to simulate a treading

intensity of ! sheep/acre al ? day frequency, 35 sheep may be used

to tread the area once every 7 days' To limit the flocks to a

manageable size, smaller numbers of sheep may be driven j¡r both

rlirections to get the desired. cffectr e.8. the treading intensity

of the 14O sheep rate may be effected by walkj¡g /O sheep in both

directions. It j-s essential that the treading procedure be

conpleted as quickly as Ì-'racùicabie to prevent clefoliation and

defaecation by the treading flock'

Thoughthistechni-queisnotwithoutweaknessj.tseemstobe

the most practicable method of studying treadingr !Ë se jrr isolation
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from other animal activities. The walki¡g or drivin'g of sheep

may give different results from those of set'''stocked sheep, and

unless good care is taken the middle portion of the race is

trodden more than thc outer areas.

In both experínents the sa¡ne technique was used' for the

manipulation of the intensity and frequency of treadj-ng, and the

format is given in Table 7 anð. Table 1) fot Dcperiments '1 and 2

separately.

4.2. o Site Prenaration and l'enci-ng

Prior to hand sowing the experiments the areas were well

prepared and leve1led, then fenced with six-Iine cyclone rrRing-

lockrr* sheep fencing and a top ptain wire using Y steel droppers

with creosoted pijle posts for extra rigidity where required.

IndiviCual races (for main-plots a'd sub-pl-ots) were fenced with

end droppers at !r 6r, (16?.6 cm) centres to ens're that the actual

t,rodrlen width rvas 4r lort ( 14?.3 cm), and with a light gate at both

ends which could swing across lhe end-of-bl-ock race to d'ivert the

moving fl-ock of sheep along tÌre relevant treatment race. Details

of ilre layout of the two experinents are shown in Figure 'l and

Figure 4.

rß Registered trade name of the cyclone co. of Australia.
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4.3,O The S IIeed and the TreadinE Procedure

Mature South Australl-an strong wool Merino wethers of

mean body weight 44.9 tg and nean hoof area per sheep of

67,1, sq. cm were used for treading' As far as possible the same

flock was used on the various treading occasions and at the

different frequencies to ensure the advantages of prior experience

bythesheeparrdconsequentimprovementinuniformityoftread.ing.

The flock (varying j¡r size frorn 35 to 140) was driven at

slow to normal walking pace along the fenced races (Plates 1, 3-5) '

One person wal-ked ahead of the flock (and as rlear as practicable

to the fence on the area outside the sampling sites) to restrain

the movement of the sheep to normal walkilg pace. A second person

with trained sheepdog walked' behind the flock to ensure that a

compact flock moved. through the race ancl that futl-width treading

occurred in the races.

Sheep were fasted overnight prior Ùo this treading

procedure which was undertaken between B a'mo and '1O a'm' This

prevented'defaecationbythesheepontheexperiment.Thoughthe

lead.ing sheep diC have a tencLency occasionally to take a mouthful

ofpastr.rrealongthefencewhileplot.swerebeingnewlytroclden,

it was an insignificant occurrence and' was outside the sampling

area.
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Plate 3

A general view of the treading procedure, usilg '140

sheep on Experiment '1. The leading sheep are moving

off the experiment having parssed through Block Ï, the

inter-block race and Block IÏ.
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PIate 4.

Views of the treading procedure using 14O sheep on

Experiment 2. ll'lhen large numbers (i.e. a long line)

of sheep were used, a third or fourth person was

often required to ensure that the sheep walked at a

steady pace and did not stop to nibble.



l
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Plate 5

Views of the treading procedure usirig 140 sheep on

Experiment 2. By the end of the weekly treacling

activity the fasted sheep v¡ere tiring and. showed a

tenCency to nibble through the ferrce. However such

defoliation was outside the randomised harvest sites

and did not i-nfluence data collection.
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4.4.0 Exnerimen l. 1 The Effec ùs of Treadi¡E bv SheeP at

Various Intensities and. Ileouencies ol-r an Annr.ral- Pasture

Irljxtr.re Sown at Three Densities

This experiment was desígned to assess the importance of

i:rtensity and frequency of treading and the possible interaction of

these two main effects. The three density treatments were includ'ed'

to si:rulate typical newly-sown pasture (Iow density) and typical

self-sown pasture (medium and high d.ensity). The i¡fluence of

treading u/as assessed. j¡ terms of its effects on plants (p}ant

numbers, tiller numbers, seed yield, and pasture producti-on) and

soil (soil moisture content, bulk d.ensity, porosíty and penetrability)'

4.4.1 lvlaterials and l{ethods

(a) General Plan

The experiment was designed as an incomplete factorial with

superimposed split-p]ot design (for the three sowlng d.ensities)

together vuith a control. There were two blocks. The main-plot

and sub-plot treatments are summatízed i¡ Figure 1 a¡d- Table 2.

(¡) The Pasture

Experiment '1 was conducted on the same area as a prevl-ous

treading experiment (Synott 1969). All fences and gates were intact

but it was necessary to remove naturally regenerating annual sown
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and volunteer species. The desiccant herbicides Reglone*

()nint/^cre) and Gramoxone' ?; pints/acre) were used to k111

newly-emerged seedlings ; the fenced races were then cleared of

pasture residue from the 1!/O grorving season, titled ùo c' 5 cm

depth with Howard Rotovator,

seedbed.

then hand'-raked to PrePare a fj¡e

Subterranean clover (Trifolium subterranel¡m ¡. ) cv. YarlooP

and annual ryegrass (þ!@ rigidum Gaud') cv' Ì/irnmera seeds were

weighedoutseparatelyforeachsub-plotandsownbyhand'along

wiüh the basar fertilizer mixture comprisingr ler hectare, 3oo t<g

superphosphate (with Lindane), 50 kc urea and 50 kg muriate of

potash, Fertilizer, damp sand and seeds were mixed' by rotary

motioninalargejarandthemixtrrrebroadcastbyhand.'care

being exercised to avoid conüamination of contiguous sub-plots or

rnain plots and ensure uniformity of sowi-ng' After separate sowing

of the three sub-pIots the main plot was raked to ensure seed

coverage.Afteratlplotshadbeensovrntheen.d-of-blockand

between-blockracesandad.jacentholrl.ingareasweresowrrtoa

uniformhigh-densitymixtureofYarloopsubterraneancloverand

ïltimmera ryegrass to avoid unnecessary poaching and soil pugging

through excessive concentratíon of sheep'

* LC.I. Products.
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(c) The Timetable of the Þ<periment

There were th¡ee phases of the experíment, ví2. the treadirtg

phase and the recovery phase irL 19?10 and the regeneration phase in

1g?2. D¡ring the treading phase the immediate effects of treading

on pasture and. soil were studied. The schedule of treading is

summarized. i¡r Tabl-e J. During the recovery phase (which followed

the treading phase) ttre residual effects of treading on pasture ald

soil were assessed and these studies conti-nued until the end of the

growing season. During the regeneration phase in autumn 1972t

the re-establishment of the subteranean clover and arinual ryegrass

(sown ín 1g?1) was assessed, together with the residual effects on

soi1.

(a) Collection of Data

(l) pasture Data The j¡ritial establishment of the sown

species and the subsequent changes i:n plarrt population were assessed'

by taking duplicate core samples in each sub-p1ot. Core samples

(c. 11 cm diameter) were taken using the Coile sampler without the

i;rsert tin, Cores r¡/ere transferred to individual cartons, placed

i.:r a polythene bag fastened with rubber bands, and. held i¡. cold

storage (aoC) awaiting hand-separation. The core samples were used

to determine the density of sown subterranean clover and a¡rnual

ryegrass, and the dry matter yield of these sown species. Hence,

botanj-cal composition (percentage contribution to dry natter of the

sovün species) was determined. Samples were clrie¿ at B5oC i¡ a
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forced-draught dehydrator.

Pasture production during the recover-y phase was determined

by harvesting random sites of 1oo x 25 cÍt to ground l-evel with

motorised sheep shearing hand.pieces. These samples were dried' in a

forced-draught d.ehydrator at 85oC for 12 hours before weighíng.

Tiller counts for both. the clover and ryegrass were made

on the occasion of the fourth recovery harvest follovring the treading

phase. For this purposer four plants of clover and of ryegrass

were selected at random from cor€ samples within the harvest areas

to determine the mean tilLer count for these species on the

particular samPling occasion'

The seed yield of subterranean cfover was determined in two

portions - an above-ground and a below-grorrnd component from

sampling sites of 1oo x 25 cm by the method descrj-bed by carter

(g?l). The above-ground seed was derived from the dry herbage

while the below-ground seed was derived from the same site by

excavating soil plus clover buff, soaking jrt water, washing through

a ,1.00 nm sieve, then drying at 1OoC, and finally cleanilg with

frGenkJenet'* (trichloroethane of S.G. 1.31).

The annual ryegrass seed was l-ikewise harvested from

sampli-ng sites of 1oo x 25 cnt and comprised an above-ground

component only, together with surface svúeepings. The technique

* Registered. trade name I.C.I. prod,uct.
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used for deriving clean seed of both ryegrass and subterranean

crover was the same as d'escribed by carter ( ;9?l) '
(ii) Soil Data - At each harvestn two samples r¡/ere taken at

random from each sub-plot on the borders adjacent to h"erbage harvest

sites for soil moisture and bu]-k densities (l'i5ure 1 ). The surface

soil was sampled to a depth of 6 cm using a Coile sampler (Coile

1%6), the soil samples being collected in thin-wa11ed metal cans

which are inserted in the sampling cylinder. The cyli:rdrical

soil samples thus obtained were trimmed to ensrJre uniformity of

volume then cl-osed with a close-fitting lid to prevent loss of

moisture.

The soil samples were weighed then dried at 1O5oC for 24 hr

and the dry weighùs recorded. Hence the soil moisture content at

time of sampling and the soil bulk d.ensity (g,/cc) were deri-ved.

The totaL porosity of the soil samples was deterrnined from

the bul-k density values (Vomocil 196r). The particle density of

the soil was 2.6J dcc (Enerson, unpublished data)'

Tctal porositY (st ) loot(op - ot),/onJ.

pp = particle d.ensitY

Db = bulk densi-ty

The resistance of the soil to penetration r¡Ias measured by

a rSoil üest Model CL-7OOI Pocket Penetrometer. Ten readirigs were
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taken at rand.om for each sub-plot at each harvest" The piston

needle was pushed into the soil up to the cal-ibration groove, and

the resistance was read directly on the scale as described by

Davidson (lg6S). [ihen the soil surface was too hard to allow

reasoneble penetration of the needle, a modified attachment was

mad,e reducing the length and the diameter of the tip by half.

The readings from the scale were mul-tiplied four tirnes for the

actual reading (Barley, personal communication).

(ifi) Animal Data - The body weighü and. hoof area of 35

sheep seJected at random from the 140 sheep used for the troading

process were determined to arlow a better understanding of the

treading pressures j-nvol-ved il this experimc.nt. Sequential body

weight measurements were taken during the treading phase.

These showed an overall mean body weight of 44.9 Ug per sheep

during this peri-od.

Hoof area was estimated from hcof impressions made j:r

polythene-covered plas'Licine sheets. These shovued an overall

mean of 67.2 sq. cm per sheep.

(e) Statistical Ànalvses

The plant and soil clata r¡¡ere processed through tfre 6400

computer using the. Statscript programme. Natural (i.e. urrtransformed.)

data were used throughout.
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As the three d.ensity treatments formed the sub-plots

within each of the fenced. races (mai¡ plots) r,plit-plot analyses

were used. FurtherÍrore¡, because of the incomplete factorial

design, not all of the treatments could be used to ana.lyse the

effects of intensity and frequency of treading and their possible

interaction. In Dcperiment 1, the plant data was statistically

analysed. in the foJ-lowing categories: clover, grass, totaI, for

the plant density, dry matter yield, seed. yield and for the plant

count at pasture regeneration. In bcperiment 2o the plant data

was statistically analysed as pasture swards for plant density

and for the yield estimation.

The seed yi-eld of subt.erranean clover was estimated and

analysed as the above-ground, below-ground. and. the total seed in

pure and. mj:ced plots.
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FiEure 1.

Þrperiment 1 Plan showing general layout and

details of main-p1ct ancl sr-rb-plot treatments. The

enlarged. sub-p1ot shows the harvest sites for plant

data and the sam¡g1ing sítes for soiVplant d'ata.
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TABLE 2

Ð(PERTMtrIüI 1 MAIN-PLOT AND SUB-PIÍII TRE'ATi'ÏEI'üTS

Maia-pl-ot Treaüments
Treading Intenslty Treadi46 trbequency-- "î"["ËpZo'""") (daYs)

o

5

5

10

zo

5

10

20

A

B

c

D

E

r'

G

H

0

7

14

14

14

28

28

28

Sowing nate (fg,/fra*)

Yarloop subterranean Vlimmera ar:¡ruaL

clover rYegrass

20 10

1OO 50

5Oo 25o

Sub-plot Treatments

Low densltY

Medium densitY

IIigh densitY

* Sowing rates based on pure germinati-ng seed'
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EXP]NIMENT 1

5/7 day

35/1

,.

+*

'ß**

TABLE 3

TITENSITY AI'ID FREQUEIiCY 0F TREADING

Dates of Treading and. Sheep Numbers Required

lLay 2J June 1 June 8 June 1! June 22 June 29 JuJ-y 6 ¡u1-:y 13

Trcatment

A contrc¡l

B 5/? day

a J/14 day

D 10/14 day

E 20/14 d¿ly

i¡. 5/zB day

c 10/28 da:y

H 2o/z-B day

Note:

35/1**

70/1n

70/2

?O/4*"*

?o/l
?O/4***

140/4

tj/1* 35/1"* jj/1*

' ?o/1ti -

?o/2

- 7O/4***

75/1*"

?o/1**

?o/2

?o/4***

?o/l
?o/4*"*

14o/4

I

= 35 sheep one v/ay, etc.

= South to north direction of treadi-ng

= North to south d.irecti-on of treading

= Alùernatively 14O/"

= AU-,ernatively 140/1
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4.4.2

(a)

(i) Plant Populatiolq

Seedlings of subterraneân clc'ver were observerl tc be

emerging from the third to sixth d.ay after sowjrg (plots sorrine

May 12, 1971) and. there was a good emergence of bcth species withirt

a week of sowing. Because of inadequate rain, three spray

irrigations with reservoir water were given to ensure a satisfactory

establi-shment of both of the species.

Coresamplesweretakenforplantcountsatal]-ofthe

eight harvests during bhe treading phase and up to the fifth harvest

during the recovery phase jn 1971. Re-establishment of sown species

was exanined i:r the regeneration phase ín 19?2 by counting the plants

within a 10 X 10 cm quadrat i¡r the fielcl. separate series of data

on changes in density of subtemanean clover, annual ryegrass and

the total of these two sown species were collected during the

recovery phase and these are summarized in Figure 2' The pasture

growth at the first recovery harvest for the treacling treatments

with the three sown densities is depicted on Plate 6.

The plant population duri-ng the treading phase was not

influenced by the treading treatments" The treatment effects on

the plant population urere significant durin6 the recovery phase.

The effects of the various treatments on the pop'rlation of clover,

Results

Pasture Data
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grass and total sown species during tire recovery phase are shown

in Figure 2. Tables 4 and 5 show the effecl of tread'irrg treatments

duringthefirstrecoveryharvest.Thesedatareflecttheresiclual

influence of the treading at various j¡tensities arrd frequencies

rì.uring the eight-week treadi-ng phase' Table ! shows clearly the

interaction of treading intensity and treading frequency with sowing

density'Figrrre2alsoshowsthedeclineinplantnumberswiththe

advance of the growing season - presumably throuSh plant competition'

( ii) Tir_1 er Counts

Although treading treatments hacl no significant effect on

the tilrer count of the subterraneal clover, increased treadi-ng

intensity reduced the number of tilLers j¡ the anmral ryegrass'

In both species tilleri:rg was also reduced. at higher sowing densities.

These rcsults are summarized in Table 6'

\aaa/ Pasture ProCuctíon

During the treaCing phaser pasture production luas refated

mainlytopasturedensitywhichreflectedthethreesowingrates.

There Ìras a marked depression in yielcl of clover at the highest

trearling i-ntensity (Table ?), Uut there was no significant effect

of treadi:rg treatment on rye8rass' Botlr intensity and frequency

oftreadingdepressedyielclduringtlretreadingphasebutitwas

notuntilalltreadingtreatmentsha<lbeencompletedthataclear

indication of the importance of intensity and f::equency of treading

becane oovious.



TABLE 4

EXPffiI],fEI\ilI 1 - RESTDUAL PLA}üI DENSITIES ÀT îHE TIME OF THE FIRST
POST-TREADING HARVEST

(ptoüs sampled on 12.8.?1. Data i:r ptants/n?)

Treatneni Low

2925

154?

1040

1124

900

1r19

1322

?87

Total
Medium

7371

5148

2306

292'

3163

3038

2306

zßg

1575

Hish

9904

7512

6sBt

6tB9

3?98

3882

344
1376

A

B

c

D

E

F

G

H

LSD (5?/" )/

cv (%) 24.5 18.9

)
These headilgs refer to sowing densities.

I"SD for treatment X sowing density. vlN
a

?24

956

4zg

253

393

253

45o

4zB

281

3WB

244?

6zs

12O9

t434

109?

928

1294

3714

3151

2841

2363

t463

1800

1181

1266

Clover
Medium*Low* High*

Grass
MediunLow High

21.2

1060

1969

1069

787

731

642

1069

844

506

4lsl
2701

1631

1?16

1729

t94t

E?B
844

6190

436t

3?42

38?6

2335

2082

20r3

2110



EX'ERTME*, 1 - rNrERACrroN oF ;ïïtJ rNrlr,tsrry, ,**orru ¡REqu'trrcy
AND SOWING DENSITY ON PLANT POPULATION

(ptots sampì-ed on 12.8.?1. Data in ptants,/m2)

Trea+ment
TreaCing Tread.ing
Intensity Frequency

10

14

28

14

2B

14

28

5 253

45o

797

4zB

253

281

6zY

1097

12O9

928

1434

1294

zB4t

1800

463
1181

1463

1266

Low

1040

1519

ttz4
1322

900

?82

Total
Medium

2to6

3o3B

2925

2106

3163

2138

iligh

6vEz

lBBZ

6tB9

144

1?98

1376

20

LsD (5%)l

cv (%)

514

18. g

*

/

24.5

These headings refer to sowilg d.ensities.

LSD for intensity X frequency X sowing density.

\n
\^l

NS

Cfover

Low* Med.ium* High*

21.2

701

163t

1941

1?16

E7B

u29
844

3742

2082

3826

2013

2335

2110

?B?

1069

642

506

731

844

Grass

MediunLow High
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TABLE 6

EXPERIMENT 1 - THE EF'FECTS OF TREADING IIf]'ENSITY AND

SOWING DE}TSITY ON îTLLER NU}'1BER IN SUBTERRANEAN CLOVtrì

AND ANNUAL RYFÆÎASS

(Tillers Per Plant on 3.11.?1)

Treading IntensitY Subterranean Clover Arurual Ryegrass

o

5

o

20

1

lL ZZ

?.75

2.75
n22
C-o ))

5.6?
3.46
2.96

?-.58

oJ6
10.2

4.63

t.66
1.81

o.72

10.2

LsD (5%)

6I ø)

Sovri:rg DensitY

Lou¡

Mediun

High

LSD (5%)

cv (%)

N.S

11.4

Subtenanean C]-over Annt¡al Ryegrass

1.75

t.o9
1.69

o.22

11.4
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Figure 2.

Experiment 1 - The effects of intensity and. fre-quency

of treading on the density of subterranean cloverr annual

ryegrass and the total of these two species, at clifferent

harvests.
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TABLE 7

EXPERÏMENT 1 - TI-IE EFFECT OF TREADII$G I}TI.E]NSTTY ON YItr'D OF

ctovER AT HARVESTS 4 irt'll 8 ¡Unrnc THE TREA'DING PIIASE

(oata in glnz D.M.)

Treadin¡3 ÏntensitY
o5102c. LsD (5%) cv (%)

Ilarvest 4

Harvest B

26,2

69.o

18.5

70.5

20.6

?1.8

20.1

47.3

2.9

21.O

35"6

23.9

Durilg the recovery phase of the experiment the residual

influence of treacling became obvious; growth curves of

subterranean clover, annual ryegrass ancl total souln speci-es are

shown in Figure 3, while Table 8 summarizes data at the last

recovery harvest.

Durin6therecoveryphasetherelJvasamarkedresidualeffect

of the earl-ier breading. From the time of the second to the fifth

harvest during the recovery phase (Fi-g're 3) tne yield of clover

was influenced. by the previous treading intensity and treading

frequency.ThereWasa}righlysignificantinteractionbetween

treading intensity ald frequency, between treacling intensity and

pasture density, between treacling frequency and pasture density'
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PIate 6.

Experiment '1 - Residuat influence of treadÍ-ng on

pasture growth at the three sor,ving densities (Low,

Medium and. High) for the eight treading treatments

(A to H). Samples taken on 12.8.?1.
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FiEr:re 3.

Experíment 1 - The effects of lltensi.ty antl frequency

of treading on the growth of subterranean clover, annual

ryegrass and. the total of these two species, at different

harvests.
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Treatment

Mean
(Density

effect )

LsD o./ùl

cv (/")

TABLE 8

EXPE,RIMENTlYIELDOFCLCVER,GRASSANDTOTALHMBAGEDURING
TIIE RECOVERY PHASE

(ptots sampled on 23-y.ll. Data in 8,/nz o'w')

496

452

400

269

218

430

399

2?8

Density

43

29.7

Low
Total

Medium Hi6h

1315

1144

11?8

1O17

992

1246

1173

1O31

A

B

C

D

E

F

\f

H

\ys

?96

?58

,84
528

?86

?82

662

8g6 1117719

646

544

559

454

4zB

586

557

4gz

6oo

468

391

425

396

56?

532

4=6

1055

929

862

?86

727

1072

919

8t4

Density X

NS \¡\o

23.9

*

I
These headings refer to sowi'ng densities'

LSD for treatment X sowing d'ensity'

368 4ZZ fi4

Density X

TreatmentDensity

4184

Low* Low HighHigh*
Clover
Mediun*

Grass
Mediun

359

344

758

315

J10

356

383

384

4ss

46t

4?6

361

331

505

387

3?8

669

6oo

6t9

563

564

66o

6t6

fi4

351 419 603

17.5

Density

101

Treatment
Density X

92
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TABLE 9a

EXPERIMENT 1 INTERACTION OF TRI!,iTDING ]NTE}']SiTY' TIì'EADTNG

FREQUENCYANDPAS'IUREDENSITYINTERMSOFYTmDOF

SUBTERPJ,NEAN CLOVER AT RECOVMY IIARVEST 5

(pl-ots sampled on 23.11.71, Data in {nz D'M')

Treading
Intensity

Treading
Frequency

Pasture Density
Low t4edir:m Hlgh

4oo
470

791
567

559
586

425
532

10

LSD (5%) Interaction
cv (%)

Ireading
Intensity

10

14
¿o

LSD (5?/") Interaction
cv (%)

5

20

4v4
557

269
399

218
278

396
436

4zB
4gz

TABLE 9b

F.\PERIME}'II 1 - IIVIERACT]ON OF TREADTNG INTENSITT' TREADING

FREQUENCYANDPASTUREDENSITYlNT]IIì}4,SoFYIELDoF

AN}IUAL RYEGRASS AT RECOVERY HARVEST 5

(ptots sampled on 23.11.7L Data in ehf D'M')

43
29"7

Pasture DensitY
Lov¡ Medium High

426
,o5

619
660

J1'
383

563
616

110
384

311
378

6

20

358
356

361
387

94
1?.5

14
2B

14
2B

14
28

14
28

14
2B

Treadi.rg
Frequency

564
fi4
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and between treading inùensity, treading frequency and pasture

density at the last recovery harvssf, (Appendix IIa). This

second order interaction is illustrated by the data surnnrarized in

Table 9a.

The patterns of accumuJ.ation of dry nratter yields of

annual ryegrass during the recovery phase were similar to those for

subtcmanean clover. The second ord,er interactÍon i,s iLlustrated'

by the data summarized. in Table 9b.

It is }ogical that total pasture yleld on the various

occasions duri-ng the recovery phase should simply reflect the

responses of the two components (subterranean clover and annual

ryegrass). Thj-s was generally the case.

(lv) Seed Yields

Table 10 summarizes seed. yield data for Experiment 1.

Though treading treatments had no significant effect on the yield

of clover seed (above-ground and below-ground seed considered

separately) there ì¡/as a signíficant effect of treading inüensity

on the yield of an¡rual Tyegrass seed, as follows:

Treading Intensity

Seed. YieI a (e/ol)

3

?6"6

5

71.4

10

59.6

20

51.4

LSD

15.9

cv (%)

21.1
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The exceptionally high ratios (?.9 to 'lO.o (l¡s*) for

treading intensiùy and p.O to 'l'1.6 (NS*) for treaCíng frequency)

of above-grorrnd to below-ground seeds of subterïanean clover are

indicative of the hard surface of the soíI at the tir¡.e of seecl-set.

This could have contributed to the rather low seed-yielA (per m2)

of subterranean clover.

(v) Pestrrr.e Rer¡oner ¡ti on in Autumn 1 a,72

Pasture establishment counts taken following natural

regeneration duri-ng May 1)12 showed residual effects of treading

from the 'ipl1 season. There were si¿çnifj-cant differences due to

tread.ing i-ntensity, treading frequency and their interactions.

These data are summarized in Tables 1'1a, b, c; 12a, l>, c; 13at

b, c.

(i) Clover There was a significant decrease in plant

number with increased treading intensity and with '14 day frequency.

The significant interaction between treading intensity and'

frequency emphasized the reduction in the plant number with frequent

Lreading ancl high truading intensity. Frequenü treading on the

pasture reduced the' density of the regenerating clover (ta¡te 11b).

The reduction in plant count at high treading intensity, with '14

day frequency of treading and with the low pasture density resulted

i¡ the significant interaction between intensity and frequency of

treading and pasture density (Table 11c).



63.

(il) Grass - The number of ryegrass plants was signifícanùly

influencecl by the intensity and frequency of treading and by the

interaction of intensity and clensíty (TaUte 12b) and by frequency

and density (Taute 12c). Greater treading intensitir significantry

reduce<1 the stand of the Tyegrass. More frequent tread:-ng (14

day frequuncy) gave greater reductíon i-n the plant cotu3.t. There

was greater reduction in plant number where the original pasture

was sown at lower density and where the pasture was trodd.en more

frequentl-y.

(iii) Total Plant Count Both treading intensity and

frequency affected the total plant cou¡t at regeneraüion. There

was a decrease in the total plant count with the increase in

treading intensity (Table 13b). There was an interaction of

treading intensity and treacling frequency which gave a significant

reduction in the plant nunbeï at the 14 aay frequency ancl at the

highest treading intensity (Table 17b), Treading intensity was

found. to interact with the pasture density, which Save higher

reclucti-on i-n plant number with low pasture density (ta¡te 17c).



TABLE 'IO

EJ(PERTMEnTT 1 - YrfrjD OF CLOVER SEÐ, GRASS SEED ANÐ TOTAL SmD
(ptots sampled on 14. 12.7L Data :n e,/nz)

Treatment

Mean
(Density

effect)

TßD (5%)

cv (%)

Clover
Medium*Low* High* Low

171.3

134.4

118.1

125.6

99.9

139.9

95.9

123.O

Total
Med.ium

189.6

2O1.4

'143.5

160.o

152.7

198.o

119.9

188.2

High

225.2

198.2

172.?

215.5

202.3

223.3

144.4

241.7

A

B

c

D

E

F

G

H

128.5 169.4 202.8

Density X
Treatment

NS

15.321.1
o\
+
t16.O

104.2

86.4

81.7

8a.o

66.4

82.4

67.4

93.4

118.9

132,9

Bj.5
101 .8

1OO¿2

128.2

76;3
122.1

133.2

109.9

1o4.5

128.2

122.7

116.1

97,2

155.2

Density X
TreatroentD"Æilr

13.5 NS

Bl,9 1oT.9 123.3

Grass
Med.iumLow* High

46.5 61.4 79.4

67.1

48.o

54.4

43.6

33.5

5?.4
28;6

39,6

70.7

70.5
60.o

58.2

52.4

69.8

43.6

66.t

92.O

88.j
6?.?

82.3

79.5
8?.2

4?,2

86,5

Density X
Treatment

NS

a These headings refer to sowing densities.
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TABLE 11a

EXPERIME}ilI 1 - THE RESIDTIAI, T]']FLUENCE OF TREADING

TREA,TMIIflT AND SOWTNG DEIùSrTY rN 1971, ON THE

REGM'IMÀTION OF SUBTERRANE,AII CLOV]IR TN 1972
)

(plots sampled May'.yJZ. Data in plants/m')

Treatment
Sowing Density

Medium
Mean

Low High

A
B
c
D

E
F
G

H

1825
1400
1725
1125
B5o

177'
1425
975

Tgoo
2775
3r75
31OO
1725
3600
l6yo
2200

6625
5575
,975
4?25
3075
635o
5o25
46so

4ttT
3250
3?58
2983
1883
3908
1367
2608

14ean

IßD ('%)

cv (%)

Treacling Frequency
Low

1787 3066 5250 344

High Mean

4592 28?5
7294534?

Freouencv X Density

Treatment Density

169 142

TABLE 1'1b

EJ(PERII,íEIfI 1 - THE RESIDUAL INr'T,UENCE OF TREA.DING TREQUENCY

AND SOtl\rrNG DENSTTY TN 19?1, 0l,l THE REGENERATTON OF

SUBTMRANEAN C],OVER IN 1972

(plots sampled May 1)12. Data in ptants/m2)

15.6

Sowing Density
Medium

14
28

1231 2BOO

3150

LsD (5%)

Frequency

98

cv (%)

1792

15.6

226
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TABLE 11c

EXPERIMMTT 1 - THE RESTDÜA], IN}T,UENCE OF TREADING TIVIE}{STTY'

TRF]ADING I'REQUÐ{oY AND soWI}IG DEI'ISITY IN 1971, oN THE

REGENERATION OF SU5TERRANEAN CLOVER ÍN 19?2

(plots sampled May 1)f2. Data j¡r ptants/tf)

Treadi.:rg
ïntensity

LSD (5%)

cv (/,)

Sowing DensitY
Medium High

Mean

3758

3908

2983

336?

1887

2608

5

10

20

Low

1725

1775

1125

1425

B5o

975

357'
16oo

11OO

765C-

1725

22æ

5975

6750

4725

5025

3o75

465o

Intensity X fçqUeggTIntensity Freouencyæ

120 9B

1r.6

14

28

14

2B

14

28

Treading
Frequency



Treatment

Mean

LSD (5%)

3625

142'
3325

25ro

197'

3675

292g

2875

7047

682>

5875

6roo

462"

7925

6650

4gzs

4tz-5

54oo

11925

6Too

91OO

ZBoo

5B5o

1O7OO

BZoo

7750

8516

6n.

Mean

?475

5333

6t75

5oo8

7917

?oo8

5533

4?81

5654

TABLE 12a

F,XPERIMENTlTI{ERBSIDÜALINTT'UENCEOFTREADING

TREATÌ,IE}{I AND SOTITING DiIIISITY IN 1971' 0N THE

R]IGIT.{ERATION OF ANNUA'L PJEGRASS TIT 197"

(ptots sampled l4ay 1)12. Data in ptant's/m2)

Low
Sowing DensitY

Medium Iiigh

A

B

D

E

F

G

H

Treatment

t,t
Densityæ

311

Trea tment X DensitY

484

cv (%) 14.2
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TABLE 12b

EXPERIMENT 1 - THE RESIDUAL IN}-I.U]I}ICE OF TREADING IIVIENSITY
AND SO\IúING DE}ISITY T.N 1g?1, ON TIIE RFCENLRATTON OF

ANNU/TL RYFNR,A,SS ffi 1972

(ptots sampled May 1)12. Data in plants/mz)

Treading IntensitY

5

10

20

Mean

LsD (.5/")

Treading FrequencY

14

28

LSD (5%)

Sowing DensitY
Low luledium High

3500

2777

2425

I"!_"."".!!J

304

Density

712

2BB? 5o?5 BzSo

6175

4825

4oz,

ggoo

B25o

6600

Mean

6ygt

5270

4l5o

Mean

5073

5775

cv ("/") 14.2

TABLE 12c

EXPERIMENT 1 - THE RESIDUAL INFLUENCE OF'IREADING FRJIQUENCY

AND SOl'fìiTUG DENSTTY rN 19?1, OI',i rHE REGIII{ERATION OF

ANNUAL RYEGRASS rN 1972 )
(ptots sampled May 19?2. Data i¡r plants,/m')

Sowi:rg DensitY
Low I'ledium High

z6t7

3158

?583

89u
49oo

5250

Freouency

cv (%)

248

14.2
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TABLE 13a

EXPERIMEIVI 1 - THE RESTDUAL INFLUENCE OF TRN.fì,DING TREATMtrNT

AND SOI/VING DENSITY IN 19?1, ON THE REGEI'IERATION OF

THE TOIAI, PLANT POPUL/TTION IN 1972
a

(plots sampled May 1)12. Data in p]..ànts/m')

Treatment
Sowing Density

!led,ium
Mean

Low High

A

B

c

D

E

F

G

H

5450

4Bzj

,o50
t6?5
2825

54n
435o

3850

Treatment

448

10775

865o

9675

?7?5

5650

1O25O

86zy

6325

18550

12275

15075

12525

8gz5

17o5o

13725

12000

11592

8587

9937

7992

58oo

1o917

89oo

7392

Mean

LSD (5%)

44j4 8466 13766 8889

]ÞÉr
271

Treatment X Density

?66

cv (%) 14.1
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TABLE 13b

EJ(PmIMIIhT 1 - THE RESIDUAI, Ij{rT.,UE}IcE oll TREADING

IIIIEI\TSITY AI{D TREADING FREQTJENCT OI'i THE RÎ,GIX{ERATION

OF THE TOTAL PLANT POPULITION ]N 1972

(ptot.s sampled May 19??. Data rn plants/n?)

Treading FrequencY
14 28Treading IntensiùY

5
10
20

l4ean

LsD $%)

cv (%)

Treading IntensitY

E

10
20

LSD (5%>

?go8 9069 8489

Intensity X FrequencY

533

Mea¡r

9933
7992
58oo

10917
Bgoo
7392

Mean

1042'
8446
6596

Intensitv4

361

trbeouency

29,

TABLE 13C

EXPflìIMENTITHERESIDUALINif,U'flICEOFTREÀDINGI}üIENSTTY
AND SOVìII}IG DENSITT IN 1971' ON THE RBGEI{ER'ATION

OF THE TOTAL PLAI{I POPULATION TN 1972

(Ptots sampled Nlay 1)12. Data i-n ptants/mz)

14.1

Sowing DensitY
Low Medium High

525O
4otz
3337

9962
82oo
5987

16062
13125
10462

10425
8446
6sg6

IntensitY In itv X DensitY

cv (%)

361

14. 1

531



71.

(¡)

(r)

Soil Data

Soil Moisture

The data on soil moistr¡re content of the 0-6 cn samples

collected on various occasions is summsrized in Table 14. It is

clear that during the treading phase and the recovery phase in

19?1t and on the sampling occasion durlng the period of pasture

regeneration dr:¡inc 1g?2, there r,rere no marked differences ín

soil moisture.

There was no signifi-cant effect of tread.jlg intensity

while on one occasion there was a significant effect of treading

frequency. However, ühis could well have been a Chance result.

\ aa/ Soil BuIk Densitv and Porositl

Ihe data on soil bulk density for the 0-6 cm soil are

sumnarized. in Table 15. Here agaÍn, the data for bulk density

are fairly uniform except for the occasion of the final treadfug

at the eighth week of the experiment: the highest treading

intensity increased the bulk densíty. on this occasion, the

significant increase in bulk density rnay have been a transitory

occurrence, as there was no further i¡dicaticn of any significant

increase at subsequent harvest occasion's.

Asthevaluesforsoi]-porositywerederivedfromclataon

bulk density it is not surprisÍ$g that total soil porosity was
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significant for treading intensity only at harvest 8, during

the treading phase, as was the case with soir bulk density.

These data are summarized in Table 16.

\ r-aa / Soil PenetrabilitY

Data on the penetrometer readings are summarized in

Table ,17. Treading i-ntensity treatments appear to have

affected the penetrability only during the recovery harvest.

There was a proportional increase in the resistance to penetration

with increase in the treading i-ntensity ancl the relationship was

linear (mean soil moisttn^e 1?.6%). The linear regression

equation of penetrabilíty (y) on treading intensity (x) was

Y O.JO4x + 5.Q75 G o.957***, n 48).

Duringthetreadingphaseandtherecoveryphaserthere

was a significant i-nteraction between treading intensity and

pasture density: low pasture density and high treadi¡g intensity

resulted in greater resistance to penetration by the surface

soil.



73.
TABLE 14

EXPMIMENT 1 SOTL MOTSTURE COI\MMJT DURI}'IG THE

TREADING PHASE, RECOVERY P}VTSE AI\D AT THE TIME OF

PASTURE RTMIERATION

(Oata Ín percentages bY weight)

ilarvest No.
and date

Treatments

rßD (5%)

cv (%)

H,*
+

(t5.6.Tt)
Hg

(i7.?.71)
ffi1*

(?.8.7t)
RHe

(5.1o.?l)
Pffi1*

(5.5.?z)

A

B

c

D

E

F

G

H

22.9

27.8

21.7

?_2.7

))7

27;8

22.6

27.3

20.1

1j;2
20.o

19.1

19 "3
19.4

20.7

20.1

24.8

24.7

25-2

23.3

25.1

24.4

24,7

24.1

16.8

1?.3

17.1

17.1

18.3

18.4

1?.8

1?.4

20.9

21.5

21.5

?1.7

21,3

21.9

22.2

21.4

5.6

NSNS

5.O 6.2 6.j 13.9

= Harvest during treading Phase

= Harvest during recovery phase

= Harvest duri¡g pasture regeneration
phase

NSNSNS

H

RH

PRH

*
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TABLtr 15

EXPI]RTMENT 1 DRY BUT,I( DENSITY VALUES DURING TI{E

TREADING PHASE, RECO\TBY PHÁSE AND AT THE TIME

OF P,\STURE RTNENERATION

(Data ín g/cc)

Harr¡est No.
and date

Treatrnents

A

B

D

E

F

G

H

H, 'F
+

(15.6.?l)
HB

(13.?,?1)
RH1 *

(?.8.?l)
RHz

(r.to"?1)
PRHI *

(5.5.?Z)

l.i9
1J4
1.35

1.29

1.jj
1.32

1.31
jJ4

H=
RH=

PRH =

1.32

1.J6

1.30

1.38

t.43
1.37

1.11

1.79

6.7

1.42

1.41

1.41

r "44
1.39

1.43

1 .40

1.46

1.75

1.35

1.35

1,78

1.34

1.f4
1"35

1.jZ

1.46
'1.40

t.4t
1.47

1 .40
't.37

1.39

1.45

rßD (i%)

cv (%) 5.6

NS NSNSNSNS

8.7 6.6 5.4

* Harvests during treading Phase

Harvest d.uring recovery Phase

Harvest dr.rring pasture regeneration
phase
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TABLE 16

E}(PERIMENT 'I - TOIAL IÐROSIÎY VALUES DURING THE TREADING

PIil,SE, THE RECOVERT PHASE AlüD /,T THE TIME OF PASTIÍRE

RÐGEI{ER*\TION

(Data in cc/cc)

Treatments

IßD (5%)

,o.30

48.65

50.83

4?.78

45.97

49.t9

50,51

4?.5i

8.9

46.47

46.78

46.81

45.81

4?.?l

46.23

46.99

44.92

9.1

44.?6

42.o5

46. 84

46.08

4T "oj
48.zz

47.27

45.21

NS

8.1

Treading Phase
(?.8.?l)

Recovery Phase
(5.to.?l)

Pasture Regeneration
(5.5.?Z)

A

B

c

D

E

F

G

H

NSNS

cv (%)
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TABLE 17

EXPERIME}TT 1 - PENE]IROMETffi RESISTANCII DURTNG THE

TRF,A,DING PHASE, THE RECOVERY PHASE AND AI THE

PASTURE REGE}iERATION

(Data :n ug/cnz)

Treatments Treading Phase
(?.8.?t)

Recovery Phase
(r.'to.?l)

Pasture Regeneratì-on
(j"j.?z)

LSD (5%)

cv ("Á)

1.O3

1.79

2.19

1.65

2.25

1.53

1.89

2.31

o.60

28.9

5.67

7.22

6.6j

? "43

9"62

6.zz

7.18

9.42

o.g5

2?.6

3.O8

3.t3

2.96

3.oo

3.O4

3.o4

2.96

3.O4

NS

8.'l

A

B

c

D

E

F

G

H
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4.4.3

(a) Planü Data

During the treading phase treatment differences were not

significant in the case of ptant nu.mbers. Neither treading

intensity nor tread.ing frequency had rnuch influence on the plant

population. This might be due to the treading phase coÍ-nciding

with the active growth period of these pasture species, thus

allowing rapid recovery from damage by tread.ing as suggested by

Edmond (t964).

During the recovery phase both treading intensity and

treading frequency affected the plant numbers of subtemanean

clover and annual ryegrass. À reduction of about 55% in tne

ùota] plant population was recorded at the highest intensity of

treading. At the 5/ac anð' 1o/ac treacling i¡rtensíties the

reduction in the üota1 plant population was aro¡nd 4ry/" and 45%

respectively (Figrire 2). At different frequencies of treading

the total plant numbers were reduced to about 5Ú,4, as against

'the control. l\t 14 day frequency of treading the reduction in

the total- plant population was aro*nd 44% @i,gvre 2). However,

it should. be noted that there was a general decline in plant

numbers through treading phase and recovery phase ancl this decline

j.s ascribed to plant competition (Dona1d' 1967).

Discussion
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Treading had a far greater impact on subtemanean

clover than on annual ryegrass as had been sþown previously by

Synnot ?geg) and Carter (unpublished. data) - see Plate 2.

fhe decline in the number of tillers with the ùreading

iltensity treatments would indicate that tiltering is either

suppressed or díscouraged. by the effects of treading. Edmond

(1962, 1964) reported a reduction i¡r tiller number i¡ both white

clover and. perennial ryegrass (perennial species of the same

genera as used. jl this experiment) while Lancashire ?961) notecl

a reduction in tiller number as well as abnorrnality in tiller

production 1n four grasses subjected to an artifi-cial tread.ilg

treatment.

At, the high pasture density the production of tíllers u/as

the lowest, it being 1.69 for clover and.'1.8'1 for grass for the

individual plant (taUte 6). This decrease ín tiIler production

with increased density ls a common phenomenon in crops and

pastures (e.g. Donald 1954, 19Ø) and this is ascribed to greater

inter-plant and intra-plant competition for light and nutrients.

The fact that treading intensity decreased the number of

tillers j-n Wimmera annual ryegrass, and that treading decreased

the total dry matter production could mean that the reduction of

the number of tillers also contributed to the reduction in dry

nuatter (Sits¡ury 1966; Kine 19?1).
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The d.ry matter yield dr.rring the treading phase was

reduced only at the highest intensity of treading and the

red,uction was more prono¡nced on Clover than on grass. During

the treading phase the pasture was in an active growth period

conditioned. by the climate. Active growth of the pasture could

reduce the intensity of the trea<ling effect (Edmond. 1964). The

poor response of the pasture during the treading phase to

treatment effects could be due to the compensatory effect of the

acti.ve growth in reducing the treading d'amage.

The sensitivity of clover to treadj¡rg damage is evident

from the decrease in the dry matter yield at the highest treading

i-ntensÍ-ty (20 sheep/ac). Similar results have been reported by

Synnot (1969).

During the recovery phase the total dry matter yield

deereased with increasecl treading intensity at all harvests.

A reduction of tO.4%, ?O.g/" and 11.6% was reco1'ded at 20, 10 and 5

sheep tread.ing intensity, as against the control. The trend

observed in the decrease of the dry matter yield with the increase

in the treading intensity is j¡r close agreement with the results

reported by Edmond (lg6t+) and Brown (1968).

The treading frequency of 14 Cays gave a greater reduction

in dry matter yield than did 28 days (19.4% anð. 12.f/o reduction

respectively), hence frecluent treading appears to car.rse the
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greatest decline in dry matter yield at a given treadilg

íntensity

The dry matter yields of the pasture components (clover

and grass) were fo,nd to be influerrced by the treadi'g treatments

i¡ much the same way as was total yield. of dry matter. Though

there was no significant recluction Ín the tiller numbers of the

clover, a reduction of plant numbers was caused by both treading

intensity and treading frequency (Fígure 2)'

Thedrynatteryield.oftheannualryegrasswasaffected

only at the last three recovery harvests by the treading i¡tenslty

treatments (Figure 7, Appendi-x Eb). T.ine 1o/ac and Zo/ac sheep

treading intensities caused a significant and a proportional

recluction in the dry matter yield. i\t a 5/ac sheep treading

intensity there v/as no significant difference between the conüroI

and the treading intensity and this could be due to the abitity

of the grass to withstand treading damage aù 1ow treading

Í-ntensity. The 6rass appears more tolerant to treading

damage than the clo.trer as evidenced by the small reduction j¡ the

plant number and drY matter Yield.

Treading treatments d.id not significantly affect the

production of seeds by the subterranean clover, either above or

below ground.. Resistance of the soil to bur burial is considerecl

the maj¡r factor limitj-:rg the und.ergror.nd production of seed by
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subterranean clover (Barley and England,19?O). Under treadingt

soil compaction could i-nduce resistance. Iiowever, as there was

no significant compaction eviclent in this experiment it is not

surprising that there v/as no d.ifference between the st-ed production

under the d.ifferent treading treattnents.

There was a significant reduction in the yield of grass

seeds at the 1O/ac and ZO/ac sheep treading intensities compared'

with the control anð, 5/ac sheep treadilg intensity. This could

be due to the reduction i¡ plant number and til-ler number affecti':rg

seed production rather than through the direct effects of treading'

Pasture Reqeneration ín 197?

there was about a tliree-fold increase in the total plant

density following naturaf regeneration in 1972¡ compared with the

establishment count taken at the treaclÍng phase in 1971. The

decrease in the plant number with increasing treading intensíty

and the d.ecrease at the 14-day treading frequency suggest a marked

residual ínfluence of the earlier treatments. As there ulas no

effect by the treacling treatments on the physical properties of the

soil, the persi,stance of the treacling influence is ascribed to

the carry over effects on total plant number, tiller number and

the total dry matter yield, which cculcì have influenced the number

anð./or quality of seeds available for regeneration'

The effect of treading intensity and treading frequency
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interacted., giving a reduction in the planü :rumber aü high

treading intensity and at frequent treading (Table 1'1ct 12br

13b), The interactíon betwee..r the treading intensÍty and

pasture d.ensity Save a signiflcanü reduction i¡ the plant number

at low pasture density and high treadjlg intensity. Thése

effecüs could be the resiclual infl-uence of treading persistiag

through with the plant number and the dry rnatter yield observed

during the recoverY period.

The residual influence of treadi-ng on the populations of

subterranean clover and annual ryegrass was simíIar i¡ trend to

that on total plant numbers; Srass seedling numbers were greater

than for the cl-over.

(u) soil Data

The retention and availability of soil moisture is generally

conclitioned by the physical propertíes of the soil (Bavet 1956),

Measurements made on the buÌk d,ensity, total porosity and.

penetrability did not in*icate any marked trends in the physical

property of the soi1. Thus there was no índication of the

treading treatrnents causing a change in the soil moísture

percentage.

Treading treatmen.cs have not affected the bulk density

values. The increase of the bulk density at the 20 sheep

intensity at harvest I d¡ring the treading phase was significant
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at the 5% LeveI, which must have been transítory ¿is there v'as

no further ildication of any increase at sub;equent harvests.

As i¡r the case of buJ-k d'ensity, there was a significant

reduction in the total porosity at ùhe 20 sheep tread'ing i:rtensity

during the treadi-ng phase. The change appears to be transitory

similar to the bulk density values. There ì¡tas no siSnificant

difference at anY other harvests.

ThoughthereWasnoclearindicationofsoilcompactj-on

from the bulk density or total porosity values rlurilg the recovery

phase, the resistance of the soil to penetration at higher treading

i¡tensities was evident. Tanner and Mamarfl (959) reported

thatpenetrabilitywasmoresensitivetochangesinsoilcompaction

than the bulk density or the total porosity values. Therefore,

it could be that the measurements made on bulk density and total

porosity cluring the recovery phase could not distinguísh differences

in soif conpaction.

Differencesinthepenetrabilityofsoi].did'notpersist

to the tine of pasture regeneration lrt May 1)12' However, at this

time, scil moisture was high (21.5%) 'and' this could have reduced'

potential differences in resistance to soil penetration (Bryant

eù aI. 1g?Ð. NaturaL reconclitioning of the soil following the

early autumn raíns might have been another factor responsible for

the Lack of statj-stical sígnificance T:etween the treatments during

the rege,reration phase (¡-rame 1971).
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4.5.0 Experiment 2 The Effects of TreadinE by Sheep at

Various Intensities and Freouencies c.:Ì Four Pasture

Snecies a.nd. a Mixture - With and. l¡lithout Defoliati-on

This experiment was designed to assess the importance of

iltensity and frequency of t.reading, and the possible interaction

of theee two main effects on three Mediterranean annÌ¡41 pasture

species, and a mixture, together with a Mediterranean perennial

grass. The influence of treading ïuas assessed in terms of its

effects on pasture plant numbers and pasture production, so1I-

moisture content, bulk density, porosity and penetrability.

4.5.1

(a)

Materials and Methods

General P]-an

The experinent was a factorial with a super-imposed split-

p1oü design for the five pastr.re sub-plots. There were three

blocks. the rmin-pIot and sub-plot treatments are summarized in

Figure 4 and Table '18.

(¡) The Pasture

Experiment 2 was conducted on a freshly tiIled' area which

had been under crop in 1970. The plots were fencerl as per plan

(l'igure 4), tnen re-workecr with Howard Rotovator to c. 5 ctr- before

hand-raking to prepare a fine seed bed. The seeds of the pasture

species were weighed separa.tely (Table 1B) and fndividual sub-

plots were hand-sowr a.Iong with basal fertilizer mixture as in the

case of Experiment 1.
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Figure 4.

Experiment 2 - Pl.an showing genera-'Ì. Iayout and.

details of main-plot and sub-pIot treatments. The

enlarged sub-plot shows harvest sites for plant d.ata

and the sarnpling sites for soiVplant data.
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F,XPERTMENT 2

ÎABLE 18

MAIN-PLOT AND SUB-PLOT TREATMENTS

Main-Plot
Treatments

Treading
IntensÍty

(sheep/acre)

Treading
Frequency

( aays )

Defoliation

A

B

c

D

E

F

G

H

I
J

0

o

5

5

20

20

20

5

5

0

o

14

14

14

14

28

2B

28

28

Unmown

luío''¡un

Unmown

14ovrn

Unmown

Mov¡n

Unmown

Movm

Unmown

I¡lown2A

Sub-Plot Treatments Five swards as follows:

Trifolium subterraneum L. (subterra¡ean clover) cv. Yarloop

Lolium riEidum Gaud. (Annual ryegrass) cv. Wimmera
#

Trifolirrm Elomeratum L. (CLuster ctover)

Lolium þerenne L. (perennial ryegrass) cv. Medea

-
Mixture of subterranean clover (cv. Yarloop) and' annual
ryetrass (cv. Wimmera)

(1)

(z)

3)
(4)

$)



The Sowing Rates used in btperiment 2 were a; follows:

87.

(ue/na*)

200

100

200

100

100

50

(1)

(z)

3)
(4)

(5)

Subterranean clover

Annua1 ryegrass

Cluster clover

Perennial ryegrass

Mixture - Subtemanean clover
and

Annu.rl ryegrass

)
)
)

Defoliation. The relevant rnain-plots were first mown prior to

treading on the fourth week of the treading phase (Àugust J,

1g?i, when the past're had attained an overall height exceeding

5 cm which was the heighÙ of mowing. Plots were mown with a

rotary lawn mower (ti-tteA with a catcher) each week from the

fourth to the eighth harvest (September 28, 19?1), immediately

preceCing the treading treatment. Herbage samples were taken

before and after mowíng to determine the pasture yie1d.

(c) The Timetable of the Experiment

The schedule of treading is summarized' in Table '19'

other details were similar to those for Experiment '1.

The

* Sowing rates based on pure germinatlng seed.



Treatment

A Control
B Control

c 5/14 day

o 5/t4 aay

s z8/t4 day

F zo/t4 day

G 5/28 dav

g 5/28 ð.ay

T 20/28 day

J zo/28 day

Note:

ïInnown

Mown

Unmown

Mown

Unmown

Mown

Unmown

l,lown

Unmown

Mown

5/tt+ day

70/1
*

**

EXPERIMENI 2

?o/1*

?o/1**

70/4

?o/4

TÁ.BLE 19

I}ÍIENSITY AND FREQUENCY OF TRE,\DING

Dates of tread.ing and sheep numbers required

Jur-te 22 JuIy 6 July 20 Aug. 3 AuB. '17 Aug. 11 Sept' 14 Sept' 28

?o/1*" To/1* To/1"" ?a/f ?o/1**

?o/i* ?o/i** ?o/1* 7o/1** ?o/1*

14o/z ?o/4 140/2 ?o/4 140/2

140/2 ?o/4 t4o/z 7o/4 140/2

140/1* 14o/1** - 140/1*

14o/i**-1\o/1*-1tß/1*+
140/4 t4o/4 - 140/4

t+o/4-t4o/4-t4o/4

?o/1*
?o/1**

70/4

?o/4

?o/1**
?o/1*
14Ð/2

14o/z

14o/ 1**

14a/r
t4o/4
140/4

= J/acre trodden every 14 daYs, etc'

= /O sheep one wayr etc.

= South bo North direction of treading

= North to South direction of treadi-ng'

oo
æ
a
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(d) Collection of Data

(i) Pasture Data T'he details of the pasture data

collection were sinilar to that for Experiment '1, excepting that

no tilIer counts were taken in Experiment 2.

The seed yield of pure subtemanean clover and the

subterranean clover mixed plots r¡irere determined in two portions,

viz. abcve-ground and below-ground seecls. The other details

were the same as for ExPeriment 1.

(ii) Soil Data The procedure and the saurpling rletails

were the same as for kPeriment 'l .

(e) Statisticel Anslfsis

The details of the statistical analysis and of processing

the clata through the computer are similar to that described under

Experirnent 'l .

4.5.2

(a)

(i)

Results

Pasture Data

Plant Ponul-ations

Table 20 summarizes Lhe data on plant densities for

treading intensity at various times during the experiment, while

the total plant density a1 different harvests for the treading

intensities and frequencies äre shown in Figr-rre l.

Plant numbers d.iffered. significantly wi-th treading

intenslty; there was a proporùionate decrease in plant number
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with the increase in treading intensity. The j-:rteraotion between

treading i:etensity and pasture swards was siSnificant d'uring both

the treading and the recovery phase (ta¡le 21 anð' 22, Appendix

IIIa). The population of Medea ryegrass was recfucerl aV 38%

at the 20 sheep treacting intensítyr vlhereas the other pasture

species were reduced by ovet 5U/o as compared to the control

(Table 21). The residual influence of treatment on plant numbers

during the recovery phase was simifar to that obtained during

the treading phase (ta¡te ZZ).

There uras a significant recluction in plant number due tc

treacling frequency only at the l-ast two harvests duri-ng the

reccvery phase, when the t4-day treading frequency gave the

greatest reduction (ta¡ie Zr). The differences due to

treading frequency at the other harvests were nct significant

(Figure 5).

(aa/ Pasture ProCuction

Pasturegrowthdatafortreadi.:rgintensityaresummarized

inTable24.Tlreeifectofdifferenttread.irrginterrsitiesand.

treacling frequencies on pülsture growth is shown il Figure 6'

Atallharvestspasturegrowthwasaffectedsignificantly

by treadir:.g intensity. There was a significant decrease in the

availabl-e dry matter wi-th increase in treading i¡tensity (Tafte Z4

and Figure 6).
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Aù recovery harvest '1, there rvas an interacùion between

treading intensity ancl defoliation. The 20 sheep treadíng

intensÍ-ty gave the lowest available dry rnatter yield. with the

defoliated pasùure. Even at the lower treacling Íntensíty of

! sheep per acre there was a significant decrease in pasture

production following d.efoliation and treadilg (Tabt e 25) .

At the last two recovery harvests there was a significant

interaction between treacling intensity anrJ' sward (Tables 26t 27) '

There was greater treading d.amage at the highest treading

intensity. In both harvests the order of reduction in the

available dry matter was loivest in perennial ryegrass and highest

i:l cluster clover. The data on the influence of treading

intensity ancl the percentage pastr:re availability is given Ín

Tables 26 and.21.

Frequent treading significantly decreased pasture yield

(Table 28). The difference in reduction between the yields at

treading frequencies of 14 and 28 days were not as great as the

differences obserwed with the treadi-ng intensities (Figure 6).

Table 2! summari-zes the interaction cf treading intensityt

pasture swards anrl defoliation. lit the treading intensity

simulating ! sheep per acre, mown pasture Save a significant

reduction in the available dry matter in all species except in

cluster clover. ;it the 20 sheep per acre treacling intensity
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there r¡ras no significant difference between the yield of tlie mown

and the unmowïl plots in alt species except i:: the case of the

annual ryegrass.

(iii) Seed Yields

Above-øround Seed The yield of seeds was significantly

reduced with the i¡crease Ín the treading intensity, where 20 sheep

treading intensity gave the greatest decrease. There u/as an

lnteraction between the pasture sward and treading i.r:tensíty as

regards seed production. Dccept for cluster clover, all pasùure

species showed a significant reduction at the 20 sheep treacling

intensity (laUl-e JO). The seed yield of cluster clover was not

influenced by the intensity of treading. The table shows the

percentage of the yield. of seecl compa.red to the control under

treacling intensity treatments. At low treading iltensity Medea

perennial ryegrass gave the greatest percentage re<luction while

at high treading intensity subterranean clover showed the greatest

percentage recluction

Below-arouncl seed - Table J1a summarizes data on the

below-ground seed yield of subterranean clover j¡r the subterranean

clover and mixed p1ots, at different treacling intensities. In

both cases treading intensity affectecÌ the beLow-ground' seed yield.

With subterranean clover there was a 36.6% red'uction at I sheep

per acre treading intensity and.55.5% reduction rt 20 sheep per
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acre treading intensity from the control-. In the grass-clover

mjxture the underground seed yíeld of cloveÏ'was depressed by

33.7/o and 59.9% respectively at 5 and 20 sheep treading iltensity

(Ta¡le ¡ra) "

There ìilas an i¡rteraction between treading intensÍ-ty and

treading frequency. At the 14 rlays treading frequency t'he

difference between the 5 and 20 sheep treacling i-ntensity was

significant, whereas at the 28 day frequency of treading there

was no signifi-cant difference between the yield at the different

treading i-ntensities (Tab1e 31b).

(iv) n ín the Autumn of 197?

Treading i¡tensity was found to influence the pasture

regeneration in May 1)l2z there was a decrease in the total

plant number with j¡rcreasing treading intensity (tatte J2).

Furthermore, there was an i¡teraction between treading íntensity

and frequency. /it ! sheep treading intensity there was no

significant difference beùween the '14 and 28 day frequency.

At the 20 sheep treading intensity the 14 day frequency of

treading gave a significantly lower plant density (lable J2).

(¡)

(i)

Soí1 Data

Soil Moisture

The effects of treadlng intensity and treading frequency

on percentage soil moisture are shown in Tables 33a and 73b'
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During the treadi:rg phase, there was an inconsistent

variation of soil moisture between harvests (la¡te 33a). At

harvest 4 (3/B*) and, at harvesf 6 G1/8*), there was a significant

d.ecrease in soíI moisture wiùh i:rcrease j¡r the tread.ing intensity'

During the recovery phase Q/ll*) there was a similar trend in

the reduction of soil moisture with increase ín treading intensity.

Thera was no significant difference in soil noistr:re between the

treading intensity treatments at pasture regeneration in May 1)12

(Ta¡le 33a).

,.lhere was no signifi-cant difference between the frequency

treatments at the d.ifferent harvests, except at harvest 4 ç/8*)

when the 14 clay frequency resulted Í' a significant reduction in

the soil moisture percentage (Table 33b).

( i.i) Soi-1 Bulk Densitv ancl PorosítY

The effects of treading iltensity and treading frequency

on soil bulk densÍty are shown in Tables J4a and J4b'

L)ccept in harvest 4 3/8*) auring the treading phase,

there was no significant difference between treading intensíties'

At harvest 4, the treading intensity of 20 sheep per acre gave a

signifícant increase in bulk density. There was no significant

difference between treading intensity treatments either during the

recovery phase or at regeneration in 1972.

,i Harvest dates.
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The effecte of treading i.:rtensity and treadíng frequency

on the total porosity are shown in Tables 35¿ and 35b, On no

occasion were there significant differences due to üreatment.

This is i:r agreement with the data on bulk d'ensíty.

\ aaai Soil Penetrability

Data on the penetroneter readings are summarized in

Tables l6a, 36b. Treading i¡tensity appears to have affected the

penetrability during both the treadinS and the recovery phases.

There was a proportional increase in the resistance to penetration

with increase in the treading intensíty and the relationship was

linear d.uring the treadi¡g plase and during the recovery phase.

The linear regression equations of penetrability (Y) on treading

intensity (x) were as follows:

For the treadi4g phase

0.968***, n to)Y = 2.218x + 3.960 (T

For the recovery phase

Y = 2.O91x+7.032(r = O.948***rh = 30)

The mean soil moisture percentilge was 22.A/o and 'l!.1o/o, at b]ne

treading phase and at the recovery phase respectively, at the time

of recordlng the penetrometer resistance.

The treading frequency did not affect the resistance of the

soil to penetr.ation during the treading phase, but during the recovery

phase, the 14 day frequency of treadi¡g resulted in increasc'd.

resistancc of the soil to penetration (Table 36b),
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Fieure 5.

Experiment 2 - The effects of intensity and

frequency of treading on pasture density and the

overall trends in density of ..ubtemanean clover

ar¡rual ryegrass, mixture (subterranean clover +

.å,.R.G.), cluster clover and pereru:ial ryegrass, at

different harvests.
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Figure 6.

Experiment 2 The effects of i-ntensity and frequency

of treading on pasture growth and the overall ùrends in

growth of subtemanean clover, annual ryegrass, mixture

(subterranean clover + A.R.G.), cluster cl-over and

perennial ryegrasa at different harvests.
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Plate 7.

Þrperiment 2 Vi-elvs of the five pasture stvards

on the most heavily trodd.en treatments after the

final treading on 28.9.?1.

No. J2: Annual ryegrass.

No, 332 Mixture of subterrafìean cl-over and
annual ryegrass.

No. J4: Cluster clover.

No. J): Subtemanean cl-over.

No. J6: Perennial ryegrass.





TABI,E 20

EXPERIMEXTI 2 - T}IE TNFLUENCE OF TREADING I}üTENSITY

ON PLANT DENSITY AT DTtrT'ERENT HARVE|STS

(Data in ptants/m2)

Treading IntensitY
Control

5 20 rßD*(5%) cv (%)

5169

4558

3104

3583

rc52

?86

1296

4t9z

3626

1928

2724

1??6

2266

2568

8t4.9

523.5

52O.2

32O.2

294.2

156.9

1?O,4

cf

35.O

28"5

77.?

16.7

18.8

13.6

19.5

Harvesü
Date

6/z/zt

3/8

31/8

z8/g

19/10

9/ 11

23/11

* l"SD values apply to 5 and 20 treading Íntensi-ties on1y.

5635

6t34

5368

5ØB

46>6

4172

,804



TABLE 21

EXPERII'ÍENT 2 TIÍE INT'LÜENCE OF TREAÐING INTE}TSITY

ON PLAIVI DENSITY OF THE PASTI]RE SWARDS

(Plots sampled on 28.9.11. Data in ptants/m2)

Swards

'100.

Sub. Clover ARG Mixùure Cluster PRG

1895 3686 2589 4gll 4811

5g.2rÉ ?o.g/o 61,6/" 82.5% 75.?%

1060 1998 1?o? 29a7 3949

33.1"/" 38.4% 4t.9% 45.8% 6z.l%

Treadine Intensity X Pasture Sward

4sg

16.7

Treading
lntensity

,

Percentage of
ühe control

20

Percentage of
the control

LSD (5%>

w (%)
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TABLE 22

Ð(PMIME}üI 2 - THE RESIDUAL INFLUENCE OF TREADING

IIIIENSITY ON PLA}ilI DU{SITY OF THE PASTURE SWARDS

(ptots sarnpled on 23.11.?1. Data in ptants/m2)

Sward.s

'10'i.

Sub. Clover ARG Mixture Cluster PRG

1923 3376 2898 4239 4o4z

84.?% 85.3% 83.5% 85.9% 92.1%

1172 z8B9 2523 24?6 37Bo

51.6% 72.9% ?2.?% ?O.5/., 86.1%

Tread.ine Intensitv X Pasture Sward

19.5

Treading
Intensity

5

Percentage of
the control

20

Percentage of
the control

LsD (5%)

cv (%)

240



TABLE 2'

EXPERIMmÍI 2 - THE INTLUENCE OF TREADING FREQUENCÏ

ON PLANT DENSITY A]' DIFFERENT HARVESTS

(Data in plants/m2)

Treading FrequencY

4^2

14 zg LSD*(5%) cv (/")
Harvest

Date

6/7/?1

7/8

31/8

z8/g

19/10

9/tt
23/11

+

4297

4c31

2623

29t2

2491

2125

2?42

5o65

4162

2587

2975

277'

3O2B

7121

NS

NS

NS

NS

NS

156.9

17O.4

35.o

28.5

77.7

16.7

18.8

17.6

19.5

LSD valuee appl¡' to 14 and' 28 treading frequencies onl-y'

56J5

6174

5768

5Ø8

46t6

4t?z

lBo4

Control
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r¡¡r,n z4

EXPERIMET{I 2 - THE INFiJENCE OF TREADING ITIIENSITY

ON PASTIIRE GRO\¡/TH AT DTFFIRE}ilI HARVESTS

(oate in e,/øi D.M. )

Treadíng Intensity

5 zo LSD*(5"/") cv (%)

Harvest
Date

6/z/zt

3/B

31/8

28/9

19/to

g/tt

z3/tt

14/tz

53.4

2o8.4

399.4

?86.6

66t,6

ZB8. t

??8.9

628.3

42.T

163.6

230.5

624.1

462.t

570,5

689.t

551.9

,o.o

t08.4

t64.5

445.4

379.5

469.o

,68.9

4i9.6

11.2

15.8

28.4

70.o

¿6.4

51.O

29.4

27.9

49.9

27.5

13-2

21.Z

18.7

15.8

11.1

tB.8

Control

r| T,SD values apply to 5 and 20 treading intensities onIy.



TABLB 25

EXPERIME}¡T2THERE,SIDUALtr.FECTSOFTR'CIADING

INTENSITY AND DEF'OLIATION ON PASTURE GRO''MH

(plots sampled on '19. 1o.?1. Data in g/nz D M' )

10'4.

Mean

462.1

779.5

5Lto.5 3O1.1

Intens itv Defoliation Intens itv X Defoliatíoq

26.4 26.4 37.4

18.?

lreading
Intensity

Mean

LSD (5%)

cv (%)

5

20

61o.0

47o.9

314.1

zB8.o

Unmown

Defoliati-on

Mown



TABLE 26

EXPmIMEI{T2.TIiERISIDUALINI'LUB{CEoFTREADTNG

INTENSITY ON PASÎURE GROWTH OF THE SIJIIARDS

(Plots sampled on 27.11-71. Data ín g/ø'D'M')

Swards

1oi.

Sub. Clover ARG Mjxture Cluster PRG

646.j 640.0 736.o 626.o 797 '3

84.5% 8l.Z% g8.g"/" Bt "4% 93'47;

,32.O 6t9.o 514.3 424-7 7O5.O

69.5% Bo.Y/" 69.1% 6t.?"/" Bz.5%

Tread.ing InlBnsi$ X Pasture Sward

Tread,ing
Intensity

5

Percentage of
the control

20

Percentage of
the control

LSD (5%)

w (/")

41"9

11.1



ÎABLE 27

EXPERIMII{T2THERESIDUALINF],UENCEoFTREADIIV]

IIüIENSITY ON PASTURE GROWTII OF TI{E SWARDS

(plots sampred on '14. 12.?1. Data io g/n' D'¡'l')

Swards

'l(:6,

Sub. Clover ARG Mixture Cluster PRG

4t6.o 644.? 5o5.o 45?.o ?16.7

86.?% 85.?% 87.8% Bo-YÁ 96'cfÁ

740.7 5g?.o 423.? 2?o.o 667.0

6?.?/" ?9.4% ?1.6% 4?,8% 89.7/"

Treading
Ir.tensity

5

Percentage of
the control

20

Percentage of
the control

'IßD (5/")

Treadins r¡ls4eiåI
j7.9

X Pasture Sward

cv ("/") 18.8
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ÎABLE 28

Ð(PMIMENT 2 THE INFT,UENCE OT'ÎREADING TREQUENCY

ON PASTITRE GROWTH AT DTFFERET{T HARVBSTS

(pata ín g/m' D.M. )

Treacli:eg FrequencY

14 28 LsD*(5/ù cv (%)

Ha:¡rrest
Date

6/z/zt

3/8

t1/8

28/9

19/',lO

g/tt

23/11

14/tz

*

30.1

170.7

219.3

492.t

404.6

535.3

6o5. B

492.5

42.6

14t.9

175-t

5??.4

436.9

525.1

6j2.3

519.O

11.2

NS

28.4

70.o

26.4

NS

29,4

NS

49.9

z?,5

13.2

21.7

18.?

15,8

11.1

'18.8

LSD vaLues apply to 14 and 28 treading frequencies only'

51.4

208.4

399.4

?86.6

661.6

?88.1

??8.9

628.7

Control



TABLE 29

EXPERIMÐ{T 2 INTERACÎION OF IRE,A'DIi\G INTENSITYI

PASTURE SWARD AND DEFCI,IAIION ON PASTURE GROWTH

(ptots sampled 28.9.?1. Data rn g/^2 D.M.)

Swards

¡¡Q

Sub. Cl-over ARG Mixür:re Cluster PRG

Treadi-ng
Intensity Defoliation

5 Unnown

Mown

'Unmown

Mown

?oo,6

469.t

530.7

,88.8

Bzo.6

468,o

688.8

527.7

522.4

4o4.o

?67.O

75O.2

20

LSD (5%)

cv (%)

?68.5

4?6.8

48o.0

789.6

314.6

262.6

467,3

779.2

146.3

21.7
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TABrE fO

EXPERIMENT 2 RESIDUAL INFLUENCE OF TREADING

II{IENSITY ON T}IE YIELD OF ABOVE-GROUND SEED

(Ptots sampled on 10. 1.?2. Data i¡ e/^2)

Treading
Intensity

5

Percentage of
the control

20

Percentage of
the control

Mean

r-sD (5%)

Swards

Sub.Clover ARG Mixture Cluster PRG Mean

1O?.5 ?8.8 116.? 44.1 46.6 78.8

56.0 49.a 64.9 t2.9 31.2 46. B

66.6% 83.6% ?9.8% 7t.r% 59.8%

J4.T% 5z.uÁ 44,4% 54.8% 4o.t%

8t.? 6l.g 9o.B 38.5 38.9

Intensity Sward.s Intensity X Swards

4.9 10.5 14.8

cv (%) 25.4
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TABLE J'1A

EXPERIMEI\II 2 THE RBSIDUAL INFLUENCE OF TREADING

I}ilIF,T{SITY ON TITE TIU,D OF BE]¡W-GROUND SEED

(Ptots sampled on 'lO. 1.?2. Data in g/^2)

Treading IntensitY
Sward

1. Sr¡b. clover
2. Sub. clover

mixed plots

Contro].

23.6

19.7

5

14.9

13.1

2r4
4.o

16.9

t4.o

zo LSD*(5%) cv (/")

10.5

7,9

* LSD for 5 and' 20 treacting iltensities on1y.

TABLE f1b

EXPERIMENT2-I}IIERACTIoNoFTREADINGII\IIm{SITY
AND TRE,ADING FREQUENCY ON THE BEI,OW-GROUND YIH'D OF

PURE SUBTERRANF,AN CLOVER PI.OTS

Treading IntensitY Mean

14.9

10.5

Mean

Intensity Frequency Intensíty X Frequency

5

20

LSD ('%) 2.4

16.9

11.2 12.1

14 28

17.,
8.9

12.3

12.O

Treading FrequencY

cv (%)

NS 3.1



TABLE f2
Ð(PET.IMENT2Il\IImAcTIoNoFTREADINGIIVIENSITY
ANDTREADINGFREQUENCYoNPLAM'DEI\ISITYATTHETIME

OF PASTURE RECIfl\IERATION
t

(ptots sampled on B/5/?2. Data in plants/m')

l.l¡

Mean

6435

1898

5oo4 5329

Intensity Frequency Int itv X Freouencv

3t3 NS 47o

16.2

Treading IntensitY

Mean

LSD $/")

cv (%)

5

20

64Bo

35?-9

6370

4z68

14 28

TreadÍ-ng FrequencY



TABLE JJa

Ð(PERIMENT 2 - THE TNFLUÐTCE OF TREADING II{IEX\ISITY

ON PERCEIVIAGE SOIL MOISTTIRE AT DIFFERENT HARVESTS

Treading Intensity

1'1¿.

20 LSD*(5%) cv (%)

Ilarvest No.
and Date

H4
H6
H8

RH1

PRHl

5

14

NS

o.86
1,30

NS

1.26
NS

NS

1.O5
NS

NS

NS

NS

6/z/zt
7/8
31/B
28/9
9/tt
8/t/zz

6/z/zt
3/B
t1/8

19.28
23.22
25.30
23.15
16.76
22.29

19.53
22.72
23.72
21.93
14.89
21.13

19.49
21.31
22.39
20.99
13.57
21.21

19.56
22.81
27.64
2t.45
14.02
21.O1

17.2
14.5
16.5
15.6
10.o
1t.o

*

Harveet No.
and Date

LSD values apply to 5 and 20 treading intensities onÌy.

T ABLE 73b

EXPERIMENT 2 - THE TN¡LUENCE OF TREADING FREQUEI\ICY

ON PMCE}ilIAGE SOIL MOISTURE AT DTFFERENT HARVESTS

Treading Frequency

28 LSD*(5%) C\I ("Á)

tvzl
H4
H6
uB

RH1
PRHl

17.2
14.5
16.5
15.6
'10.0
13.o

28/9
9/tt
B/5/72

19.28
22.72
25.30
23.15
16.?6
22.29

19.46
21.71
22.47
21.48
14.44
21,33

* LSD values apply to 14 and 28 treading frequencies onIy.

H = Harvest during treading phase
RH = Harvest during recovery phase

PRH = Harvest during pasture regeneration phase

Control

Control

I
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TABLE J4a

EXPERIMENT 2 lHE IM-LUENCE O}" TREADING TNIENSITY

ON BUI.K DENSITY VALÜ¡.JS A1 DIFFIRENT HARVESTS

(Data in grams/c.c. of soil on moisture-free basis)

Treading IntensityHarvest No,
and Date

Control

H4
H6
H8

RH1

PRHl

6/z/zt
3/8
31/B
28/9
9/11
8/5/?2

6/z/zt
t/8
31/8
z8/g
9/11
B/>/z¿

5

2)
-/)L

4o
44
45
79
4g

pl 1

1

1

1

I
1

1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1,
1,

1.
1.
1.
1.
4

1.

1.
1.
t.
1.
1.
1.

14.1
13.9
14.8
17.1
'10.0
15.2

NS

o5
NS

NS

NS
NS

o
36
46
4Z
46
42
4Z

a

20 LSD+(5%) av (%)

zg LSD*(5%) cv (%)

*

Harvest No.
and Date

LSD values apply to 5 and 20 treading intensities only.

TABLE f4b
EXPMIMEIVI 2 - THE INFT,UENCE OF TREADING FREQUENCY

ON BULI{ DENSITY VALUES AT DIFFMENT HARVESTS

(oata ín grams/c.c. of soil on moisture-free basis)

Treading Frequency

14

ttl
H4
H6
HB

RH1

PRHl

4l
4Z
4,
46
39
4Z

31
4t
44
46
34
45

25
39
46
4y
J9
4g

NS

o.o3
NS

NS

NS

NS

14.1
13.9
14.8
13.1
10.o
15.2

71
4t
44
46
34
45

1.
1.
1.
1.
1.
1.

Control-

rl LSD values apply to 14 and 28 treading frequencies only.

H=
RH=

PRH =

I{arvest during treading phase
Harvest during recovery phase
Harvest during pasture regeneration

I
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TABLE 35a

EXPERIME¡ilI 2 THE INF],UMTCE OF TRE;DING INTE}TSITY

ON TOTAL SOIL POROSITY UALUE,S AT DIFFffiEITI HARVE"STS

(oata in c. c./c.c. on moisùure-free basis)

Treading Intensity

5 20 LSD*(5%) cv (%)

Harvest
Date

z8/g/Zt
g/tt/zt
8/v/zz

Harvest
Date

z8/g/zt

9/11/?1
B/s/zz

45.73

47,33

43.95

45"o2

47.3t

44.4,

44.97

46"49

44.4't

45.23

46.r2
43.91

NS

NS

NS

14.3

17.8

16.6

14.3

13.8

16.6

TABTE 
'5bEXPERIMM{T 2 - THE INFT,UENCE OF TREADING TREQUENCY

ON TOTAL SOIL POROSITY VALUES A1 DIFFERM{T HARVESTS

(Data in c. c./c.c. on moisture-free basis)

Treading Frequency

14 z8 LsD*(5?á) cv (%)

NS

NS

NS

44.24

48.45

45.37

Control

44,?4

48.4j
4::.37

Control



TABLE J6a

EXPtrìIMENT 2 THE INFILUÐ{CE OF TREADING INTENSITY AND

TREADING FREQI]ENCY oN PENETRoMETER RE^\DINGS DURING

TIIE TRF.\DING PHÄSE A

(Date sampled 28.9.?1. Data in u{cm')

Intensity FrequencY

-

o.21 NS

115.

Mean

6.06
8.45

Intensitv X Frequency

o.42

18.3

Tread,ing
Intensity

Mean

LSD (5?6)

cv (%)

5
20

7.15 ?J6

,.74
8.57

6
aU

39
J3

14 28

Treading FrequencY

TABLE ]6b

EXPERIMENT 2 THE INFLUENCE OF TREADING Ii{Ifl{SITY AND

TREI\DING FREQUENOY oN PENETRoMHIm READINGS DURING

THE RECOVERY PI{ASE )
(late sampled g.11.?1' Data in kg/cm-)

Treading
Intensity

Mean

LsD (5%)

E

20

Mean

8.8'1
11.37

Intensity Freouency Intensity X Frequency

o.t1

g. 8410.l,4

8.95
11.71

8.67
11.O1

14 28

TreadÍ-ng FrequencY

cv (/")

o,15 o.15

11.3
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Plate B.

Þ<perinent 2 Views of the rnixed pastlrre plot

(subterranean clover and annual ryegrass) on 28.9.71.

Above:

B_qlow:

No.

No.

No.

3 and 4z

1 and. 5z

2 and 6z

Unmown

Mown

Trod.den at the highest rate

Trod.den at the lowest rate

Untrodden control
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Experiment 2

28.9.?1.

Left:

Rieht:

I{o, 1 :

No.2:

No. J:

No. 4:

llo, 5:

Plate 9.

Views of the five pasture swards on

Mor¡i¡n and untrodden

Mown and. trodclen

Annual ryegrass

Mixture of a¡nual ryegrass and subtemanean
clover

Subtemanean clover

Perennia-L ryegrass

Cluster clover
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4.5.3

(a)

Dlscussion

Plart Data

There was a marked reouction in plant density wíth

jrrcreasing treading i:rtensity up to harvest 6 ç1/8*) during

the treading phase; thoreafter there 1ryas no appreciable reduction

but the differences Ín plant numbers due to differing treading

intensities were nai-ntained up to the last recovery harvest

(Figure 5). Similar effects of treading intelsiüy in reducing

plant number, during the early growth phase, have been reported

by Edmond (t964) and synnot ?969).

The percentage reduction i:r the plant population of the

sward, was lcss with pererinial, ryegrass and cl-uster clover.

Earlier evidence reported by Bates ?gZÐ and Edrnond' (1967, 1964

anð,1966) on the treading tolerance of the pererurial ryegrass

supports the results obtained i¡ this study. The tread.ing

tolerance obtained of cluster clover j-s a point of interest i¡l

view of the marked success of this legume in another experiment

at the Waite Agriculiural Research Institute, involving conüinuous

grazing at a high stocking rate for a period of fi-ve years (Carter

196?, 1969).

In comparison to treading intensity, treadin8 frequency did

not have much effect on the plant population, but the trend i¡ the

d.ecrease of plant number with the 14 clay frequeney suggests the

* Date of harvest.
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effect of frequent treading.

The effects of treading intensÍty on the a.vaílable dry rnatter

yielct are simil-ar to the effec'.s observed on plant number. Plant

number is a determinant of dry matter yieId, hence any reduction i¡t

plant number by tread.íng might be expected to influence the yield of

dry untter.

The results which showed an interaction between treading

intensì-ty and defoli-ation, giving a significant decrease in the dry

matter yield, under mown. conditionsr agree with the results

obtained by Brown (fg68). Under mown cond.itions, the more

susceptíble parts of the pasture plants (growing points, leaf buds

and surface roots) are exposed to treading damage more so than

in the unmo\¡m situation, whích could' be the reason for the

greater effect of treading intensity on mown treatments in ùhis

experiment (P1ates 8-10).

Of the pasture species used Medea pererurial ryegrass

appeared to be most tolerant of lntensive treading, there being

only a smaLl reduction in the available dry matter (plate ?).

The red.uction in the dry matter was proportional to the reduction

in the plant population. Hence, the tre¡rding tolerance exhibj'ted

by the yield of perennial ryegrass appears to be closely related

to the rnintenance of plant numbers. The reduction j¡r d¡y matter

productionofperennialryegrasssupportstheresultsofBates

(tglÐ and Edmonð. gg6t, 1964, 1966). Cluster clover, though
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showing a reasonable tolerance to treading as far as plant

numbers were concerned, recorded greatly redt',ced yield in tlre

available dry natter. This could. be due to the effect of treading

on the growth of the cluster clover plants rather thal an effect

through plant number. subterranean clover showed a greater

reduction in the available dry matter than did the annual ryegrass

(ptate ?). Similar results were obtained i¡r earlier studies at

the Waite Agricultural Research Institute (Synnot 1969).

In general, the effects of treading frequency on pasüure

availability differed little between those of 14 and 28 days, though

there ïvas a significant difference between these frequency treatments

and the control.

The interaction between treading intensity¡ pasture sward

and defoliation gave a non-significant pasture growth difference

at the highest treadi-ng intensity (ta¡te Z9). At 5 sheep treading

lntensity the effects of mowing appear to be well expressed on the

swards and whereas at 20 sheep treading intensity t'he effects of

ùreading appear to mask differences due to mowing.

As in the case of the reduction in plant number, the seed

yield was also affected by treacling intensity. The 20 sheep

treading intensity gave the greatest reduction i¡r the yíeld. of seeds.

Except for cluster clover, there was a significant reduction i¡ the

yield of seeds at the 20 sheep treading Íntensity. In cluster
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clover, though a reduction was apparent at the 20 sheep treading

intensity, it was not staüi,stically significei;rt. In view of the

fact that there was a smal-Ier reduction in the plant densÍty in

cluster clover and a sir¡ilar trend was obtained jn se-^d yield,

cluster clover appears to be more tolerant to treading damage

r¡nder these conditions. Carter ?96?, 1969) reported marked

success of cluster clover under continuous gtazíng at a high

stocking rate for a periorl of five years, and the results obtained

inthistreadingexperimentlendsupporttohiscontentionoMedea

perennial ryegrass and Yarloop subterra:nean clover showed the

greatest percentage reduction of seed yj-eId as a result of treading

treatments.

TheredtrctioninthetotalseedyieldofYarloop

subterranean clover appears to have been caused by the reduction

j-n the below-ground seed yield, probably due to soil compaction

and the resistance of the soil to burr burials (Barley and Englan¿

1g?ù. Though perennial ryegrass has been reported to resist

tread.ingdamagebythephysicaltoughnessofthestemandother

morphological- characters (Bates 1935i Edmond 1963, 1964, 1966) |

the seed yield was reduced by treading treatments. Edmond (1958b)

and Brovm (1968) reported an increase in seed yield with perennial

ryegrass due to treadilg under perer'nial pastures' Results

obtaíned i-n this study are towards recuced seed yi-eld, whlch could
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well be the effect of different cl-imatic condition where the

studies were nade.

TheresÍd.ualeffectoftreadinginterrsityonthere-

establishment of the self-sovnr pasture species is emp-hasized by

the decrease in plant number with increasing treading iltensity'

fhere was a 21% and, a 52% reductioa respectively in the plant

population at 5 and 20 sheep treading intensity' As for the

interaction between treading intensity and frequency, there was a

significant reduction i¡ plant number at the 20 sheep treading

intensity and at the 14 day treading frequency. Frequent treadi:rg

with a high tread.ing lntensity appears to affect the plant densÍ'ty

of these self-so$m Pastures.

AtthetimeofthesepastureregenerationÉudiestherelvas

no clear evid.ence of soil compaction from bulk density, total

poros5-ty or penetrability data. Therefore the reduction in seed

yields brought about particularly by i¡rcreased tread'ing intensity

were probably responsible for the reduction in the plaat population

at the normal time of emergence and establishment in the autumn of

1972.

(¡) Soil Data

soil compaction is one of the factors affecting the physical

properüies of the soil. In this experiment the measurements made

to identify soit compaction vrere on bulk density, total porosity
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and penetrability.

The butk density and the total porosrl;y were not affecùed

by the treading üreatment. Though there was an ínstance of an

increase in the bulk density at harvest 4 driring the treading

phase, at the 20 sheep treaditg intensity and at the 14 day treading

frequency, the trend did. not persist through the other harr¡ests.

The effect coulcl have been a transitory one. Porosiüy values

remained unaffected by any of the treading treatments.

The peneürometer readings showed a significant increase i¡r

the resistance of the soíI to penetration during the treadin¿ç phaset

and the recovery phase. The progressive increase in the

penetrometer readings with increase in the tread.ing intensity during

these periods suggest a degree of compactj-on affecting penetrability

more than the brrlk density or the total porosity. It appears

that the penetrometer resistance is more sensitive to changes of

soil compaction under this stutly than the bulk density and total

porosity measurements, as pointed. out by Ta¡ner and l'lamari-L 9959).

the 14 day frequency of treading registered the highest

resistance to penetration of the soil, and there was an interaction

between the treading intensity and treading frequency. there was

some indication of soil compaction duri-ng the treading phase and'

d.uring the recovery phase as i-ndicated. by the resistance of the

soil to penetration, at high treading intensity. This could have
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i¡fluenced. the moisture content of the soil at the various

inbensity treatments, during both the treacling phase and the

recovery phase'
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Plate 10.

Þcperiment 2 A general view of the m¡rin plots

showirrg contrasting differences on 28.9.11.

Movnn and untrodden

Mown and trodden

Unmown anc] untrodden
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Plate 11.

Dcperiment 2 - A view of the unmown trodden main

pl-ot on 28.9.?1, showing ùhe soili::g of the sward.

(mud splashing) following treading under conditions of

high soil moisture.
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P1ate 12.

ftperiment 2 CLose-up view of the soiled and

mucldiecl subterranean clover plot trodden after mowíng

on 28.9.71, under conditions of high soí1 moisture.
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5.O.O GE¡\IERAL DISCUSSION AND CONCLUSIONS

In an ungrazed pasture the productivity is nainly

determined by plant nutrients, soil moistr¡re and sunlight. Buù

in a grazed pasture, the effects of the grazing aninal complicate

the ecosystem. Treading by the gtazlrng animal is known to affect

the grazed pasture: however, this treading influence may reruain

u¡noLiced until it is severe (Edmond 1963). Treading may also

place a ceiling on herbage and animal production (pdmond 1960;

Mitchell 1960).

Treading effects on pastrre appear to begin with

the influence on plant number and continue to affect the tíIler

number, dry matter yield, seed yield and the pasture regenesation

from natural seeding, In New Zealand, Edmond. (1963, 1964, 1966r

igZO) and Brown ?968, 19?1) reported a decrease i:r plant number,

tí1]er number and dry matter yield in perennial pastures due so1ely

to treading. In these studies with annual pasture j¡ south

Australia the general trend.s appear to be similar to that obtained

with the pereûiial pastures in New Zealand and elsewhere.

Treading intensity appears to have a greater influence tlian

does frequency of treading The signifj-cant decrease il the plant

density with increasing tread.ing intensity is suggestive of the

treading effect imposed by stock density. In preliminary studies

at the trVaite Tnstitute Synnot (geg) reported a similar trend ín
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the influence of stock:ing densÍty on treading damage in annual

pasture studied under similar conditions. It is of interest that

though the imr¿ediate effects or' treading were spectacuaar (Figures

10-12) there vras no marked persistence of these effects of treading

on an¡ual past'res durj,ng the treading phase. Edmond (1964)

contended that treacting effects during the active period of growth

of the pasture were not very persistent because the plants have

the abi-Iity to recover rapidly from treading damage. During the

treading phase the pasture was in the active stage of growth and

clirnatic conditions were favourabfe' Raj¡r ensured' that mud was

washed from leaves to allow resunption of active photos¡mthesis

and regrowth to compensate for tread'ing d'amage'

Thoughtreadingfrequencyhadlesseffectthantreading

intensity on plant population there appearE to be a definite trend'

towards a decrease in plant density j-n the case of the most frequent

treading.

Treacling influenced pasture production i¡r a similar way

to plant density: dry rrratter yield was reduced significantly by

treading intensity and treading frequency treatments. Às the plant

nunber and the dry matter yields recorded a simil-ar trend, it is

probable that the reductron j¡r the plant density rnay have

contributed to the reduction in the dry matter yield. This

proportional decrease in pasture yield with increasing treading
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intensity is in agreement with the results ootained by Edmond

?g64). Under the nost intensive treading there ïuas an average

reduction of 3O.4% anð' 2o.5% in the total trnsture yield' in

Experiment ,l and Experiment 2 respectively. This percentage

reduction in ¡nsture yield is in agreement with the percentage

reduction of 24% reported by Stern (g6g) for the impact of

treading in an annual pastr:re of the Mediterranean environnent'

The reduction through treading of the til-Ier number may

also have contributed to the reduction in the yield (Sils¡ury

1966i Kine 1971). There was a reduction of about 60% irl t1¡e

tiller number at the 20 sheep/ac treading Í-ntensity. Edmond (964)

contended that the reduction j-n the tiller number by treadÍng

iltensity was a dominant cause of the decrease of dry matter yield

of ten pasture species under heavy treading.

In the present studies with annual species the 1ow density

pasture showed. the greatest effect of treading on plants and soil.

Brown (lg68) reported the influence of the herbage cover in

reducíng the effects of treading. under conditions of 1ow pastr:re

density the pasture cover, being sparser night not be sufficient to

provide a protective cover to withstand possible treading dannge.

The increase in the penetrometer resistance at the low pasture

density also emphasizes the lack of a¡y cushioning inftuence of

pasture cover.
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/it low pasture densities p'asture availability may be

Iirniting and will generally increase the grazing time (Arnold

ig64). Hancoc1 (1954) also rÊported greatet gtazing time on scant

¡rasture. Hence 1ow pasture density wiJ-1 tend to l¡rcrease the

treading tinre as wefl as i:rcrease ùhe effect of treadirrg in the

absence of sufficient pasture and ground covêT¡

The significant treatment differences obtained at the

time of pasture regeneration ind.icate a residual i¡rfluence of

treading. As there was no evidence of any persistent effect of

treading on the soi1, the difference obtained at the pasture

regeneration could be through the treading effect on the vegetation'

of the pasture species, a hígh degree of treading tolerance

was exhibited. by Medea perennial rye8rass in the case of both

plant number and. yield.. similar trend.s were reported. by Bates

?glÐ and Edmona (fg64) for temperate pasture environments where

perennial ryegrass showed the highest tread.i¡g tolerance. It is

of interest that though cluster clover showed' a smaller percentage

reduction in plant number than Medea perennial ryegrass, the dry

rnatter yield showed a greater reduction under treading. This

could be due to the treading treatments adversely affecting the

growth of the species dir:ctIy, rather than through the reduction

in the plant number, The general trends for subterranean clovert

'Jtlimmera annual ryegrass, and the mixture of bothr v'ere similar irt
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both the experiments; Wimmera ryegrass appears to be more

ùolerant to treading than subterranean clove!-.

The treading of the pasture after mowi:rg resulted i¡ a

significant decrease in pasture yield and this is a.scribed to the

damage of the growing poÍnts, leaf buds and surface roots as

discussed by Brown (fg68). The nowilg treatment was imposed' to

simulate uniform and heavy grazi:eg of the pasture. In a nornal

grazi¡g situation this effect is brought about by intensive

utilization of the pasture6 generally by a high density of

stocking. with greater numbers of grazing anj-maIs per unit areat

the pasture is more severeLy defoliated and at the same time the

treading damage is j¡rcreased, as evidenced from the results of

these experiments.

The residual influence of treading on the plant population

aù the time of pasture regeneration could be a function of reduced

plant number, reduced dry matter yield and reduced, seed yield in

the previous growing season. The reduction in the underground seed

yield following trealinS of the subterranean clover an<l the

subterranean clover mixed plots could be due to the soi-l compaction

as recorded by the penetrometer resistance. Bar}ey and England'

(lgZù reported that the liniting penetrometer resísta¡ce for burr

burial in subterranean cl'over (cultivar Dwalganup) w"s of the order

of 10 kg/sq. cm. on a hard-setting red brown loam from Parafield,
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South Australia. Penetrometer resistance readilgs up to

11.3? U,g,/sq. cm were record.ed at the highest treading intensity

in Experíment 2 and such a hígh resistance could have j¡fluenced

the burr burial and seed production.

It is clear from the evidence obtained from both the

experiments, that the treading effect on pastr:re is more pronounced

on vegetation than on the soil. The effects on pastute were

through the reduction of (1) plant number, (2) tiller number,

(3) dry matter yie1d, and (4) final seed yie1d. The proportional

reductlon of these variables with increase in treading intensity,

and with frequent treading provides clear evidence of the magnitude

of treading danage on grazed pasturesô

Though the effects of treading were obvious on the pasture

at the highest treading intensÍty of 20 sheep per acre and at ühe

,,¡4 day frequency of treading, such a conditíon is unlikely in the

field situation in the rainfed annual pastures of the Meditemanean

environment of southern Australia. Und'er the norma]. to high

stocking rate of ! sheep per acre' treadíng effects appear to be

minimal, on the plant as well as on the soil. Howèver, it should

be remembered that these experiments üÍere only oÉ short duration'

The differing treading tolerance exhibited by the various

pasture species could explain the persistence of certain pastures

under heavy treading. However, as the highest treading intensity
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studied here was outside the normal range of carrying capacity

for annual pastures the treading toLerance of the pasture speciêst

though evidentr nay assume lesser importance. Under the normal

stocking rate of ! sheep per acre the pasture species did not differ

nuch in the degree of treading tolerârlcêo

In a perennial pasture, the treading effect may become

add.itive through the year and this could result in the chzrnge of

the botanical composition and the productivity of the pasture

(Brougham 1969). However, owing to natural changes j¡ the soil-

(Thomas l961i Frame 19?1) and the reaction of ttre past're species

to treading damage (ndnond 1963)r the effects are sometimes not

cumulative (Broughan 1969). But in an annr¡aI pasture of the

Ivlediterranean environment, the production being non-conti¡ruoust

the residual effects of treading on vegetation might not persj-st

through seasons, as in the case of perennial pastr:res.

The effects of treading on soil- are generally expressed by

soil compaction, which has a major effect on infiltration and soil

moist¡re movements (f,uff ß59). In the present stud.y sol-1 bulk

denoity, total porosity, and penetrabillty measurements were used

as the i¡rdices to evaluate soil compaction. However, the treading

treatments caused no slgnifj-cant changes i-n ùhe bulk density and in

the total porosity values. There rffas some indication of soil

compaction from the penetrometer readings and it appears that the
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penetrometer readings were more sensitive to the changes j¡r soil

compaction under this study, as contended by Tanner a¡rd }4amaril

(lg>g). The degree of soi-I c.:mpaction obtained was apparently

sufficient to affect the penetrometer readings taken on the surfacet

but not high enough to influence the values of bulk d.ensity and

total porosity taken up to a d.epth of 6 cm.

Though soil compaction by treading depends upon the soil

type and other physical conditions of the soil, the duration of the

treadiag period is very important. Carter (¿npublished data),

in recent studies at the Waite Institute, obtained' a significant

i¡rcrease in the bulk density of 1.24 lo 1.5r g/cc d'uring a J-year

grazing period on the same type of soil as used in these experiments.

Ed.mond (1964) reported an increase in the bulk density by treading

a perennial pasture for a period of 10 months, using a treading rate

of 72 sheep per acre. Knoll and Hopkins (959) recorded an

increase in bulk d,ensity from a heavily grazed pasture ove¡ a period

of a year. It appears that changes in the bulk density and total

porosity values are brought about after longer periods of treading'

In the present stuoies, the treading phase occupied onLy 2-J

months. This was apparently too short a period to obtain significant

changes in bulk density ald total porosity values.

The soil moisture percentage was unaffected by the treading

treatments in Experiment 1; however, in kperiment 2, there lruas a

trend towards a decrease in soi-l moisture with j-ncrease j-n treadi:ng
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intensity. Differences in penetrometer readings during this

per5-od. were also slgnificant which indicated soil compaction'

Hence the soil conrpaction regi-stered duri:ng this perj-od would

have been responsible for the difference in the soil moistu¡e

perc entages,

Though the effect of treading has been reported to influence

ühe plant an¿ the soil i¡r perennial pastures (Lancashíte 1961¡

Edmond ig63t 19641 19?Oi Brown 1968, 19?1), the studies described

i¡l this thesís indicate greater effect on plant than on the soil'

Owing to the short duration of the treading periods in these studies

it might not be possible to draw any defi.:rite conclusions on the

effects on the soil.

Thor.rgh treadilg effect on the soil was not severe, the

incidence of mud splashing on the vegetation ì/uas high. Trampled

herbage may be generally rejected. by the S],azinl animal because of

soil contamination (Frame 19?1) and the consumption of soiled

herbage was found to be related to the wear of the teeth (luawig

et aI. 196O. Rejec'bion of the contam:inated and unattractive

herbage cor:Ld also increase the grazing pressure on the rest of the

sïvard. Plates 10, '1'1 and 12 show clearly the soiling of the

pasture and the unattractive nature of the sward.

Treading is an integral part of conventional stock grazíng

and carurot be totally avoided. A better understanding of the
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factors influencing treading danage wiLl certainly hel-p to

mitigate the problem. The effect of treadiug seems to be

linked with the stock numbers and the frequency, whích fortunately

falls within the purview of the cont,ro1lable factors i:r pasture

management. liVith the emphasis on more per-acre production,

increased stocking rates are inevitable and there needs to be

a better underåtanding of the l-imitations causu'd by the treading

damage.

McMeekan ?gS6) considered stocki¡g rate and grazing

method as two of the main factors in animal production fron

pastures. Treading intensity is a fwction of stockíng rate

while treading frequency is related to grazi-ng method. In a

rotationally-grazed. pasture the frequency is of equal importance

to the stocking rate but in a set stocked situation the frequency

becomes less important. Si¡ce frequency denotes the extent of

the rest period between two grazings, and as frequent treading

is damaging to the pasture, sufficiently-spaced grazÍlgs are

importanü. Under the normal stocking rate of 5 sheep per acre,

treading damage does not appear to be severe' but wj-th the

tendency to increase stocking rates the treadÍ-ng effects might

become dominanü in placing a ceililg on herbage and. animal

production (Edmond 196Oi Mitchell 1960). However it should be

noted tYøt grazing animals form tracks, especially when walki.ng to
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water. This is especially true of the ariC areas. Lange (1969¡,

using aerial photographs, has lclentified definite radiatíng sheep

tracks from waterilg points. Squires (19?O) reported overgrazing

of the areas closer to the watering points. These trachs not

only reduce the pasture avaílability but also concentrate the

treading damage over a smaller area, which, in turn, dimi:rlshes

the total- impact of treading on vegetation and soil over the

whole area.

High stocklng rate and the s'-rsceptibility of the pasture

species in combination wiùh the nature ald the condition of the

soil are reported to be the main factors connected with treading

damage (Frame 1g?1). fVith conventional stocking rates treadÍlg

damage appeara to be minimal but as stclcking rates are raised,

methocls of minimising treading damage become more important.

lreading tclerance of the pasture species appears to be linkecl

with the physical toughness of the shoot, as i-n the case of the

pc,rennial ryegrass (Bates 1935; Edmond 19641 1966i Evans 1967).

similarly, the i¡gress of weeds in an overgrazed or trodden

pasture could be due to the physical ability of the vegetation

to withstand the treadi.:rg damege. But the physical strength is

generally relatetl to the presence of a high proportion of fibrous

tissues, as in the case of the perennial ryegrass (t¡lilson 1965),

Since the relationship between the plant strength and the treacling
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tolerance appears to be intimate, plants which can rrithstarrd

treading may not necessari'ly be highly nutritive(owing to the

high proportion of fibrous tissues) (.fonns ß6Ð, ancl selection

of pasture species based on nutritive value alone might not be a

sufficient crÍterion for pasture procluctivity and persistence

qnder grazing conditions. Pasture species which can persist

well despite the harmful effects of treading have obvious

productive value uncler grazi¡g, but rnight not be related. to

the quality of pasture production.

Fi-nally, it should be stressed that this study had some

limitations in common with other treading studies. The period of

treading was short (Z to J months duratlon) and a Ìonger period

of treading would have been desirable. However, the salient

features are brought out to some extent to be a forewarníng of

the possible cffects of treacling on newly-sown pastures. Annual

pastures clo not have a continuiùy in production as do the

perennial pastures, and any treading effect on plants will

necessarily be of a short-term nature ancl of lesser limitation to

production than that i:nposed by the summer drou¿çht conditions.





'140.

6.0.0 AcKNowLEDGF¡4ENTS

I wish to gratefully ackncwleclge the supervision arrd help.

given by Mr. E.D. Carter, Senior Lect¡rer, Department of Agronomy,

Waite Agricultural Research Institute, throughout the duration of

this study.

This project was undertaken with the generous financial

assistance provided by the Government of Australia under the

Colombo Pl-an and with the kind co-operation of Professor C.M' Donald

and. staff of the Department of Agronomy, ltlaite Institute. I am

grateful for their ¿çenerosity.

lvlr. I. Ridgway and Miss C. Norman were helpfr¡J- in the field

as well as in the laboratory. The Farm Manager and his staff

provicled assistance wherever ñecêssar¡re Miss S. Chambers assisted

with the computer programmin6 and statistical analyses and

Mr. B. Palk hanclled the necessary photographic work. I am very

grateful for their generous help.

Dr, W,Vü. Emerson was consultecl regarding the particle

density figures and NIr. K.P. Barley suggested the penetrometer

modiflcation. Their help is gratefully acknclrledgecl.

Finally I wish to thank the Government of Sri-Lanka for

providing the clppc,rtuniüy for this stucly, and my wife, Sarogini,

for her continuous encouragJement during my absence from home.





7.0.0

ADAMS,

ALDERFER, R.B. and MERKLET F
and PermeabilltY
cultivated areas

ALDERFER t

i\i.,

.c. (94t) Structural stabilitY
of native forest soils compared with
of the same soiJ. üYPe.

BIBLIOGRAPIIT

8.P.. BIAKE. G'R', M'ÀRTTNI ìJll'P' r and BOtr'Tmt D'H'-(rg6o) 
Ínfluencee cif soil compaction on crop

growth and develoPment.
7tr, rnt. congr. sãiL scí. Trans' (Madison' wis"
u.s.A.)voI. 126O7-lr.

Soil Sci- Soc. Amer. Proç-t 6 z 98-to3,

R.B. and ROBINSON' R.R. (lg+Z) - Runoff from
pastures in retaú:-on to grazing iltensity and soil
compact
J" Amer

ion.
. Soe. Agron. 22 | 948-58.

ARNOLD, G.W

BARLEY, K.P, (t 959) Earthworms and soil fertilitY,
Aust. J. AEric. Res. 10 3?1-?6.

Publications, Oxford.

-
BARLEY, 

'K.P., FARRET'Lt D.A. and GRE'\CEN' E'L' 
. 
gg6>) The

influence åf soil strength on penetration of a }oam

plant roots.
t J. Soll- Res. 2' 67-79"

BARIEY, K.P. and ENGLAND' P.J. ?gZo) - Mechanics of bu¡r
- burial bY subterranean clover'

Proc. tllh Int. Grassl" Cong. 19?O. Queenslandt
Australiar PP. 1Ot-1O7'

BATES, G.H. ?gr) - The vegetation of footpaths' sidewalks'
cart-tracks aird gatewaYs'

by
Aus

J. Ecol. zl z 4Zo-87.



142.

BATES, c.lI. (tg¡o) Track making bY man and' domestic
animals.
J. Anim. Ecol. 19 : 21-28.4

BAVER, L.D. (gS6) "soil Physicsrr.' 
3rd Edition - ,John Ïtliley & Sons, New York"

BROMFIU,D, S.M. (1961) - Sheep faeces i¡ relation to the
PhosPhorus cYcle under Pastures'
Aust. J" Agric' Res. '12 : 111-27.

BROUGHAM, R.W, (lg6g) Some limiting factors to pasture
production.
Proc. Aust. Grassl. Conf. Perth, U/estern Australia'
May 1)68. Vor. 2 z 225-46"

BRoUGHAM, R.ï11., GLENDAY, A.c. and FÊfm' S.o- (tg6o) - The

effects of frequency and intensity of grazing on the
genotypic struct
N,Z. J. Agric. R

ure of a ryegrass PoPulation.
9E-r ¿ z 442-53'

trAnimals in Motionrr.BROWN, L.S. (tgsz)
Ed. bY L.S.

BROÏIIN,

BROWN,

Brown, Dover Pubtications Inc., New York'

K.R. (rg68) - The influence of herbage height at
tread.ing and treading i'ntensity on the yield and'

botanical composition of a perennial ryegrass -
white clover Pasture.
N.Z. J. AEric. Res. 1'1 z 131-37.

--K.R. (lg?l) - Changes in a browntop - perennial
ryegrass - white clover qasture trodden by sheep

trom October to March 1966-6?.
N.Z. J. Aeric. Res. 14 : BZ8-34.

BRUCE, R.R. (tgss) An instrument for the deternúnation
of soil compactibilitY.
Soí1 Sc. Soc. 19 213-57.

H.T., BLASER, R.E. and PETERSON, J.R. (lgzz)
oi trampLing by cattle on bluegrass yield
compaction of a Meadowille loam.
Aerón. J. 64 : 331+4.

EffectBRYANT,
and soil



147

CARTER, E.D. (lg6Z> Biennial Report of ühe Waite
Agrl. Res. Inst., University of Adelaid.e, S'4.
1966-6?. p, 43.

CARTER,

CARTffi, E.D. (lg7l) - Some notes on seed harvesting with
particú1ar reference to subterranean clover.
Report, Agron. Dept. Waite Institute.

COIT, , T.S. (lg16) - Soil samplers.
soil sci. 42 : 139-42.

CRESSVJELL, E. (tg6O) - Ranging behaviour studies with Rornney
Marsh and. Cheviot sheep in New Zealand.
Anim. Behaviour I : 72+8.

DAVIDSON, 1.D. (1g65) Penetrometer measurements.
In t?Methods of Soil Analysisrr' pp. 4ZZ-84:
Ed. by C.A. Black, D.D. Evans, J.L. l/llhite,
L.E. Ensminger and F.E. Clark. Part 1. No. 9.
Agron. Series. Amer. Soc. of Agron., Vlisconsin,
u.s.A.

E.D. (lg6g) Impl:cations of stocking rate for
botanrcal composition of þasture.
Proc. Aust. Grassl. Conf., Perth, Western Australia,
May 1p68, vol. 2 z 1?3-?8.

ll'1. (lgl\) Vegetation of grass verges and other
excessively trodden habitats.
J, Ecol-. 4r 38-49.

C.M. (1g46) - rrPastures and Pasture Researchtr.
2nd Edition - University of Sydney.

C.M. (1954) Competition among pasture plants,

DAVTES,

DONALD,

DONALD,
Auet. J. Agric. Res. 2 z 58>-gz.

DONALD, C.M. (gel)
plants.

Competition among crop and pasture

Adv. AAron. 15 | 1-118.
-

il)MOND, D.B. (tgr9a) - The influence c.rf treading on pasture
a preliminary study.
N.Z. J. Agric, Res. 1 z 319-28.



144.

EDMOND D.B. (1958b) Some effects of soil PhYsica1t
condition on ryegrass growth.
N. Z. J. AEric. ReS. 1 z 652-59.

-

ÐMOND,

EDMONDT D.B. (196ù - Sheeprs feet and pasture plants.
Proc. 22nd Conf. N.Z. Grassl. Assn'r !P' 111-20'

EDMOND, D.B eading Perennial
and whíte clover

es in wi-nter and
levels.

N-2. J. Aeric. Res. 6 z 26r-76.

D.B. (1g64) Some effects of sheep treading on

ELLED¡BERG t

the growth of 10 Pasture species.
N.Z. J. Aeric. Rest Z 1-16.

DMOND, D. B. (966)
pasture growth.

The influence of animal treading on

Proc. '1Oth Int. Grassl.
pp, 454-JB.

Cong., Finland | 1966.

EDMOND, D.B. (lgZü Effects of treadj¡g on pasturest using
different animals and' soils.
Proc, 11th Int. Grassl. Cong., Australia, 1970'
pp. 6o4-608.

H, VON (lg>Ð - I'Landwirtschaftliche Pflanzenso-
ziologie, II"' Eugen Ulmer, Stuttgart, ìtVest

Germany. p. 132.
Cited ty t.,iÑCirsHIRE, J.A. (1961), M.Ag.sc. Thesis,
Massey University, Plamerston Northt N.Z.

ENGLAND, G.J. ?g>4) - Observations on the graz]-ng behäviour
of different breeds of sheep at Pantyrhuad farm,
Carmarthenshire.
The British J. Anim. Behav. 2 z 56-66.

E\IANS, P.s. (gez) Leaf s trength studies of pasture grasses.
1?5-81.J. Agric. Sci. 6g

FIRIUNDO, G.W.E. and SIVALII'IGAM, T. (1961) - Studies on the
grazing habits of cattle in rel-ation to the seasonal
utilj-zation of dry zone pastures'
Trop. Agrist. 113 z 89-99.



1\5,

FT,OCKER, l¡J.J.r VOMOCILT J.A. and VITIUIUIT M .r" (tgs9)
Response of winter cover crops to soii comPaction.
Soi]- Soc. Amer. Proc. 22 r8t-84.

trT,OCKER, W.J., VOMOC]L J.Á.. a: d HO\]\IARD, F.D. (lgSg) Some

growth responses of tomato es to soil comPaction.
Soil Sci. Soc. Amer. Proc. 2l z 189-91.

FRAI'IE, J. 3g7l) - Fundamentals of grassland management,
PART 10 : The grazing animal.
Scottish Asricul-tUtq 50 z 1-17.

GRADWELL, M. (195O - Effects of ani-ma1 treading on a wet
alluvial soil under Pasture"
Proc. N. Z. Soil Sci. Soc. 2 z 37-39.-

GRADTÀIELL! M.W. (96O - Soil moisture deficiencies in

FREER, M. (lg>g) - The utilization of irrigated pastures by
dairy cows. II. The effect of stocking rate'
J. Aeric. Sci. 54 z 243-16.

puddJ-
N. Z.

ed pastures"
J. .AEric. Res. / z 12?-36.

ffects of sheep treading.
45 z 16-i8.

HANCOCK, J. (9r4) - St,ud.ies cf grazíng behaviour in
relation to grassland management.
J, AA. Sc, 44 z 420-29.

HARKESS, R.D. (t965) - The e
Scottish Agriculture

HUBERTy, M.R. (194+) Compaction in cultivated soils.
Trans. Amer. Geophys. Union 25 : 896-99.

JCHNS, A.T. (tg6Z) Some aspects of rumen metaboli.sm
influencing intake and Production in sheep.
Proc. N.Z. Soc. An. Prod. 22 : BB-98.

JOHNS9N, E.A. (lgy¿) - Effect r:f farm woodland grazi-ng on
watershed. valuos in the southern Appalachian mountaiJls.
J. Fcrestry 50 : 109-13.

KEEN? B.A. and CASIIEN, G.H. ?932) - Studies in soil
cultivation. VI. The physical effect of sheep
folding on the
J. AEric. Sc.

soi1.
22 z 126-74.



11t6"

KrNG, J. (971) Competition between established a¡d'

newly sov{n grass species.
J. Br. Grassl. Soc. 26 z 221-29.

Kl'lOI'L, G. and HOPK rNS, H.H. (959) The effects of
grazing and trampling uPon certain soil ProPerties.
Trans Kansas As¿fl. Sci. 62 z zzl-tl.

-

KLECKA'4.(lglil-Influenceoftreadingonassociations
cf grass growth. -'
Herb. Abstracts, !, No. 8zz.

LANGE, R.T. (lg6g) - The PiosPhere:
patterns.
J. R"rrse Mang! 22 : 796-400'

LEVY, E.B. 3g>l) - rrGrassland' of New Zealandrr'
Technical Coruespondence School, N'Z' Education
Department.

LI, C.y. ?gro - Basic concepts on the compaction of soil.
Proc. ^A'mer. Soc. Civil EngÍn', J' Soil Mech' and

For:ndation Div. PaPer 862'

LITOHFIELD, w.H. (gSl) - Soil survey of the Waite
' Agricultural Research lnstitute'
DivisiãnaL Report 2/51 c.s.I.R.O. Soils Divi-sion,
Australia.

LuD\lvIG, T.G., HEA'LY, W.B- and OUTRESS, T'W' 9966) v'/ear

LANCASHIRE

sheep track and dung

eepr s teeth.
J. AEric. Res. ) z 15?-64.

LULL, H.W. (g>g) - soil conpaction on forest and range

lands.
u's'D'A' Misc' psþ' No' ?68 (1959) washington D'c'

, J.A. (196l) - A stucty of the reaction of four
'gt""" splcies to an artificial treäding treatment"
ü.lg.s"^. Thesis, Massey University, Palmerston
North, N'2.

of sh
N. Z.



MARKWTCK,

MoMEH(AN,

A.H.D. (lg4>) - The basic principles of soil
compaction and their application.
Inslit. Civj-I Engln. Road Papet 16.

C.P. 3gy6) - Glazing nanagement and animal
prcduction.
Proc. lth Tnt Grassl. cong, N.Z.r 1956' PP' 146-56'

H.L. and PATRICK, W.H. (1961) - Effects of soil
compaction ott "úb"oiL 

roct penetration and' physical
properties of three soils in Louisiana'
Lp"^. ¡.- Ð. , 163-6?.

147.

pasture in relation

20 z 8z-92.

MEREDITH

MITCHELL, K.J. (g6o) - The structure of
to production Potential.
Proc. of the N.Z. Soc. An. Prod.

MILLINGTON, R.J. ?gSÐ - Establishment of wheat in relation
tc apparent densit'y of the surface soil'
aust. J. Aeric. Res. 'lO : 487'94-

MUEGSLER, W.F. (geS) - Cattle distribution on steep slopes.' J. Ranqe Management 18 : 255'61.

MIIYBRIDGE, E. (l8gg) rrAnimals i¡ Motionrr.
Edited. by L.S. Brown - Dover Publications Inc.,
New York. 1957.

OICONNOR, K,F. (lgS6) - Infl-uence of wheef and foot treading
on soil-s under grasslands.
Proc. N.Z. Soil Sci. Soc. 2 z 75-37.

uthr,en, c. ?g6Ð
productivitY
1¡s¡þsEs Abs.

grasslands.
Diss, Abstr.

Yie1d. and grazing losses in a pasture
experiment i:r Niederrhej¡r (Gey. ).
fi z No. 1161.

-
O'CONNOR, K.F. (lgSZ) Influences of treading on

195713, No. 1, 4-5. Cornell Univ.
ïthaca, New Yurk.

OTTAIÂIAY, c.W. (lgS>) The mechanism of movement.- 
InrrPrógress in the Physiology of Farm Animalslr.
voI. 2r pp. 619-56" Edited by John Hammond -
Butterworths Scientific Publications, 1955.



148"

PACKARD, R.Q. (gSZ) - Some physical properties of Taupo
Pumice soils of New Zealand.
Soi1Qci.þ:2?3-89.

PHILLIPS, R.E. and. KIRKHAM, D. (196ù Mechanical
impedance and corn seedling root growth.
Proc. Soil Sci. $es. Amer. 26 2 319-22.

PIE"IffiS, J.H. (1961) - Susceptibility of grassland to

J2. No. 1594.
-t

RANE1, 1l{.4. r ÐMINSTER, T.ì¡f . and ALLAWAY, W.H. (lg>y) Current
status of research in soil comPa cüion.
SoiI Sci. Soc. Amer. Proc. 1g 4zt-28.

ROBINSON, P.R. and ALDERtr'ffi, R.B. (1952) Runoff from
permanent pastures in Pennsylvania.
Asron. J. 44 : 459-62.

ROSSITER, R.C. (lg>8) - Utilization of annual pastures i¡
a Mediterranean environment with special reference
to autumn deferment.
Aust. Agrostol-osy Conf. Dec. 1958 L 2 56-71.

SEARS, P.D. (lgSl) - Pasture growth and soil fertility.
I. The influencé of red and white Öloversr super-
phosphaten lime, and sheep grazing, on pasture yields
and botanical comPòsition.
N.Z. J. Sci. Tech-, VoI' JlA, Supp. 1, pp. 1-29.

SEARS, P.D. (lgÑ) - The effect of the grazing animal on
pasture.
Proc. ?lh l-nt. Grassl. Cong.r N.Z. , 1956'
pp. )2-1OJ.

SIL,SBIIRY, J.H. (1g66) Interrelations in the growth and

poaching,
Herb, Abstracts

Lolium.
n"iltZ z 841-47.

--SKERMAN, p.J, (gS6) - The effect of the grazing animal on
pastures by P.D. Sears - See under discussion.
Proc. ?th Int. Grassl. Cong. r N.Z. , 1956. pp. 1Q2"

development of
Aust. J. /rgric 

^



SQUTREST

srERN, l]ll.R. (g6g)
conmunities.

V.R. (lgZO) - Grazing behavior¡r of sheep in
relation to watering points j¡r se.ni-arid fangelands'
Proc. 11th Int. Grassl. Cong., Queensland, Australia,
19?o. pp. 8Bo-84.

149,

The inftuence of gtazLng cn Plant

SYNNoT,

TANNER, C.B. and MÁMARIL, C.P. (lgyg) Pasture soil
compaction bY animal traffic.
Àsron. J. 51 z J2)-J1.

THOMAS, A.S. (1960) The trampling animal.
J. Brit. Grassland Soc. 15 ? 89-93.

-
TRIBE, D.E. (gSS) - The behavio'r of grazing animals-.-

' In rrProgress in ühe Physiology of Farm Animalsrr
Vo1. 2, pp. 585-6o2. Ed'ited by 'John Hammond'

Butterworths Scientific Publications, 1955.

UNDmWOOD, E.J. (956) The effect of grazing animal on
pasture by P.D. Sears seè undef d'iscussion"
Proc. |th Int. Grassl. Cong., N.2., 1956. p. 1O1'

VOMOoIL, J.A. and FT,OCKSì, l¡ll.J. (961) - Effect of soil
compaction on storage and movement of soiJ. air
and water.
Trans. A.S.A.E. 4 : 242-45.

voÌ4ocrÏ,, J.A. ?gel) Porosity.
In rfMethods of Soil Analysisrr' pp. 299+14.
Ed. by C.A. BLack, D.D. Evansr J.L. Whitet
L.E. Ensminger and F.E. Clark.
Part 1, Nó. 9. Agron. Series, 'ilmer. Soc. Agron.,
Wisconsj¡t, U.S.A.

Proc. Aust. Grassl. Conf
May 1P68. Vol. 2r pp.

W.M. 3g6g) The effect of sheep treading on
annual pastureó.
Projeêt Report, Dept of Agronomy, Waite Agric' Res'
Inst. , UnÍ-versity of Ad.elaide, S.A.

., Perth, Western Australia,
141-52.



\ilImSUM, L.K. (gSZ) The relationship of the size
and structural rlgidity of pores to their
penetration bY root6.
Þlsnü and Soil ! z ?J-9J.

lVrLsoN, D. (lg6Ð Nutritive varue and the genetic
relationships of cellulose content and leaf
tensile strength ln
J. Aeric. Sci. 65 :

--

ITVITTSELL, L.E. a¡rd HoBBS¡ J.A. (1965)
effects on field Plant growth.
AÂron, J. 2Z ? 534-37.

150.

Soil compaction





APPENDIX I(a).

Treatments

BIock

Treading Treatment (T)

kiiensity (1)

Frequency (F)

Intensity X Frequency

Sowing Density (D)

Density X Treading Treatrnent

IXD
FXD
IXFXD

cv (%)

EXPilìIMEI\II 1 - VARIANCE RATIO AND THE LEVEL OF SIGNIFICANCE FOR PLANT
DENSITY OF SIIBTF,RRANEAN CLOVER

Recovery Harvest Dates 1971
12/8

? "596 
*

13.056 ***

1.O84 NS

5.079 NS

1.181 NS

12.288 ***

4.555 ***

5.191 *

7.172 **

1.515 NS

24.5

1.962 NS

1?.?4O ***

19¿661 **+

8.6a7 *

0.888 ¡¡s

8.997 ***

0.442 NS

0.5oJ NS

0.599 NS

0.104 NS

19.4

2.447 NS

23.1oo ***

38.223 **+

3.5?6 NS

f.484 ns

8.1oT **

0.200 Ns

0.289 NS

0.271 NS

0.062 Ns

16.1

4.t85 ns

36.393 ***

3?.309 "**
6.502 ns

5.288 +

54.O31 *+*

5.967 *"*

12.O71 *+*

1.500 NS

1.714 NS

23/11

10.210 r

J5¿75 ***

$$.229 *++

20.37O **

1?.?8o **

80.294 ***

1.429 NS

,.248 NS

o¡492 tls

0.401 NS

10.g

7/e 5/10 3/11

14.2

ri P < O.05 *tr P < o.o1 *** P < 0.005 NS, not significant.

I
\t
I



APPENDIX T(b).

Treatments

Block

Trcatnent (T)

Intensity (I)
trYequency (F)

Intensity X Frequency

Sowi.:rg Der:sity (D)

Density X Treading Treatment

ÏXD
FXD
IXFXD

cv (%)

lt P < O.05 ** P < 0.01 *'B* P < O.OO5 NS, not si6nificant.

EXPERIME}ÍI 1 - VARIANCE RATIO AND THE LEVEL OF SIGNIFICANCE ¡OR PLAI\IT

DENSITY OF ANNUAL RYEGRASS

Recovery Harvest DaLes 1971

12/8 7/e 5/to 3/tt

6.59i *

17.166 ',r**

4.602 r¡s

18.717 +*

1.590 NS

E.?61 ***

8.r73 ***

1.177 NS

6.t7t *

4.659 *

21.2

6.224 *

19.00O ***

19"713 ***

25.075 ***

t,862 NS

8.7$4 ***

o.Jo't NS

O¡ 117 NS

0.70f NS

o.4J7 NS

18.6

1.815 Ns

1?.5',16 ***

11;738 *

9.424 *

0.768 lls

?.198 **

o.177 NS

0.05J NS

0¡244 t¡s

0.11J1 NS

25.7

9.650 *

30.211 ***

38¿098 ***

6.526 ¡rs

'1.522 NS

2?.835 **+

10alJ1 *+*

0.864 Ns

6.449 **

'1.20'1 NS

23/11

11J43 *

32"193 ***

34,155 ***

10.346 *

J.OO7 NS

21.592 ***

2.371 NS

0.871 NS

6.299 *

a'r81?

12"216.9

I
vt
r\)
a



.APPEI{DIX I(c).

Treatments

Block
Treading Treatment (T)

Intensity (I)
Frequency (Fl

Irrtensity X FrequencY

Sowilg Density (D)

Density X Treading Treatnent

IXD
FXD
]XFXD

cv (%)

* P<O.05 ** P < O.O1 'r** P < 0.005 NS, not significaat,

EXPERIME}I"I 1 - VARIANCE RATIO AND TI]E LEVEL OF SIGNIFICANCE TCR ÎOTAL
PLANT DENSITY

Recovery Harvest s 1971

1il8 7/e 5/to 3/11

11.039 *

16;O1J ***

2.733 Ns

19.261 **+

0.916 Ns

17.r25 ***

4.636 *++

2.8f8 NS

8.4t4 **

4.a75 *

4.525 t'is

19.7O3 **+

21.864 ***

21 .Qa2 *+tr

1"058 NS

10.O93 *+*

o.J18 NS

o.'162 NS

0.671 NS

0.275 NS

3.622 l{S

20¿922 ***

23.583 ***

10.1O3 *

1.612 NS

8.635 ***

0.172 NS

0.121 NS

0.264 NS

0.088 NS

28.7

8.698 *

22.969 ***

24;663 ***

8.419 *

2.0J6 NS

26.467 ***

5.t46 ***

2.704 NS

g.zjg **

0.729 NS

15.4

23/11

10.514 *

24;210 *+*

2?.?94 ***

2O¡BO5 s+

5.865 *

L?.342 ***

2.669 *

2.37t NS

5.655 *

0"164 NS

18.918.9 18,5

J
\n
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APPÐIDIX II(a).

Treatments

Block

Trcading Treatment (T)

Intensity (I)
Frequency (F)

Intensity X FrequencY

Sowing Density (D)

Density X Treading Treatment

IXD
FXD
IXFXD

av (%)

* P < O.O5 ** p < O.O1 *** p < 0.OO5 NS, not significant"

Ð(PtrìTMENT 1 - VARIA}TCE RATIO AND THE LEVH, OF SIGNIFICANCE T'OR DRY

MATTER. YIELD OF SIIBTERRA.NEAI{ CIOVER

Recovery Harvest Da tes 1971

12/8 ?/e 5/to 3/11 23/11

0.855 NS

2.10, NS

0.751 NS

O;O/1 NS

1.504 NS

10.613 +**

0.787 NS

1.1J5 NS

1.166 NS

1.061 NS

0.119 NS

9.21O ***

6.272 *

?.o41 *

c.8g8 Ns

14.978 ***

1.9C6 NS

1.BJf NS

1.92J NS

0,471 NS

o.o87 NS

12.?24 ***

20.294 ***

19¿414 **

21.2?4 ***

29.884 ***

2.468 *

2.J6g NS

10;2)l *+*

6.o12 **

9.570 *

12.690 ***

22.346 ***

2c-¿524 **

21;393 ***

2?.262 ***

5,168 *+*

6.751¡ ***

4.10 *

6.254 "*

17,2

10,562 *

14.712 *r+

23;582 ***

22;881 *"*

15.308 **

?4.952 ***

6.154 ***

?.356 **'
9.O55 ***

6,853 ***

29.730.o 18.2 14.5

J\¡È



APPM{DIX TI(b). Ð(I)EìIMil{T 1 - VARIANCE RATIO AND TIIE LEVEI, OF SIGNIFICANCE FOR DRY

MAÎTM YIELD OF AI{NUAL RYETRASS

Treatments

Block

Treading Treatment (T)

lntensity (I)
Frequency (F)

fntensity X FrequencY

Sowing Dcnsity (D)

Density X Treadj.ng Treatment

IXD
FXD
IXFXD

cv (%)

P<O.05 **P<0.O1

Rec

12/8 7/9

Harvest Dates 1971

5/10

1.651 NS

2J66 NS

1.372 NS

1.827 NS

2.819 NS

11.648 ***

0.641 NS

1.411 NS

0.207 NS

1.144 NS

2.399 NS

2.68J NS

1.581 NS

1.JJ1 NS

0.640 NS

J"492 NS

0.1r7 NS

o.o6J NS

0,15J NS

o.o6J NS

o.4Jf NS

12.304 ***

8.088 *

1.J8J NS

1.æ5 NS

0.J57 NS

o.oo5 NS

o.oo4 NS

o.oo1 NS

o.oo4 t{s

t/11

11.78 *

10.426 **+

20.272 t**
16.292 +*

14.0?6 **

9.612 '++

5.BBz **

?.8o7 ***

9.321 **+

7.171 *++

23/11

10.486 *

12.6J\ +*+

19.102 +**

t6¡5?6 **

17.791 **

8'346 ***

8.577 ***

6;122 +**

9.486 ***

6.-/6? ***

17.'22.2

**+

29.6 16.7 18.5

P < O.OO5 NS, not significant.4

--fvlvl
a



¡{PPENDIX rI (c).

Treatments

Bl-ock

Treadi:eg Treat¡ner:t (T)

Intensity (I)
Frequency (F)

fntensity X FrequencY

Sowing Density (D)

Density X Treatment

IXD
FXD
IXFXD

cv (%)

* P < O.O5 *'¡ P < O.01 **'ß P < O.OO5 NS, not significant.

EXPERIMENT 1 - VARIANCE RATIO AND THE LEVEL OF SIGNItrTCANCE T'OR TOTAI
DRY MATTER YIEI,D

Recovery 197t

12/8 ?/e 5/to 3/11 23/11

0.04 NS

10.784 ***

19.068 ***

0.062 NS

2.772 NS

15.886 ***

4.58 !t'ß!È

f.218 NS

7.838 **

6.?5g ***

15.6

1.765 NS

11.618 *++

19.519 ***

1.866 Ns

1"145 NS

3.073 NS

o.29 NS

0.045 NS

o.o2J I{S

o.o'15 NS

16.3

J.160 NS

17.O12 +++

20.120 ***

0¿O2O NS

?.928 *

1.214 NS

a.95 NS

o.o'12 Ns

o¿Oo8 Ns

0.014 Ns

0.989 NS

15.299 ***

19.048 **'r'

26.13O +**

2,23J NS

10.8g4 ***

O¡5O7 NS

o.fo1 NS

1"079 NS

0.146 NS

15.7

0.022 NS

17.221 *rt*

18i677 ***

15J4? *

5.20'1 NS

11.563 ***

o.J41 NS

0.010 Ns

O;of9 l{S

0.0'19 NS

23.916.9

-sVlo\
a



157.

APPENDIX III(a). EXPF,RIMM¡T 2 - VARTANCE RATIOS AND LEVELS OF

SIGNTFICANCE FOR PLANT DENSITY
DATA FROM RECOVERY HARVESTS

Treatmente

Block
Treatments (T)

Intensity (I)
Frequr.ncy (F)

Defoliation (D)

IXF
IXD
FXD
IXFXD
Bet. Controls (Con.)

Con. Vs. Tr.
Sward.s (S )

DXS
IXS
FXS
DXIXS
DXFXS
lXFXS
DXIXFXS
Bet. Con. X S

Con. Vs. Tr. X S

cv (%)

Harvest DaLes 1971

9.11.7119.10.71

1.20

12.?6

14.95

1.27

4.71

o.69

o.o7

0.07

o.09

o.04

26.94

20.65

2.39

2.86

1.29

1.37

1.90

1.16

o.55

1.52

,.64

1.6'
18.00

26.7O

11.31

16.94

1.4'
1.45

o.04

o.4g

o.o
27.62

1?.44

3.60

3.45
1.59

1.83

0.64

0.60

2.04

o.97

5.51

23.11.71

5.62
12.45

'18.52

11.82

o.g4

2.47

1.23

1.56

o.5,
o.42

22.52

13.41

o.92

5.78
1.29

2.24

1.59

2.14

1.26

O.?B

g.4g

NS

*,f *

***

NS

li

NS

NS

NS

NS

NS

*¡tt¡

r|**

NS

*

NS

NS

NS

NS

NS

NS

**

NS

***
***
* 1.,Í

*';tß

NS

NS

NS

NS

TIS

* +*l

't*t¡

*

f.**

NS

NS

NS

NS

NS

NS

'f tf

*

*,¡ rß

ti **

*rf*

NS

NS

NS

NS

NS

NS

***
**r¡

NS

*{.*

NS

NS

NS

NS

NS

NS

***

18.8 13,6 19"5

* P < O.O5 *'r P < O.O1 'lr'* P < O.OO5 NS, not significant



APPENDTX III(b).

Treatments

Block

Treatments (1)

Intensity (I)
Frequency (F)

Defoliation (D)

IXF
IXD
FXD
IXFXD
Bet. Controls
Con. Vs. Tr.
Swards (S)

DXS
rxs
FXS
DXIXS
DXFXS
IXFXS
DX]XFXS
Bet. Con. X S

Con. Vs. Tr. X S

cv (/")

158.

EXPERIMENT 2 - VARIANCE RATIO AND LEVELS OF

SIGNIFICANCE TOR DRY MATTER YIELD.
DATA FROM RECOVERY HARVESTS

Harvest Dates 1971

19.10.71 19.11.71 23.11.71 14.12.71

o.95

9.14
13,17

6.61

16.62

4.t7
10.17

1O.29

o.15

16.47

29.58

6.zt
6.33

2.OO

o.51

o.5g

1 .81

5.13
o.22

2.25

6.47

18.7

NS

***
*r*
*

tr¡*

NS

rlri*

*++

NS

!t#rÈ

*rt*

+t *

*+

NS

NS

NS

NS

tß !Í tl

NS

NS

Jttí*

2,75

10,09

10.99

o,17

15.16

o.19

o.85

o.93

O¡ 14

18.73

29.62

5.68
4.27

0.82

o.71

1,?6

1 .',lo

0.41

1.21

o.11

2.08

NS

tl.**

***

NS

rl*ti

NS

NS

NS

NS

*t*

*r¡*

**
**

NS

NS

NS

NS

r{s

NS

NS

NS

2.30

6.47

13.71

11.O2

12.98

4.29

?,?6
o.25

1.59

14.9o

j1.71

5.82

9.37
6.21

o.64

1.41

o.8J

1,96

1.O,

3.r5
2.O

NS

**+

***
+*+

***

NS

*

NS

NS

***
**+

**tt

*rl

**

NS

NS

NS

NS

NS

*

NS

O,O7

7,15
16.25

3.go
12.7O

1.?B

1.O3

1.36

o.06

17.10

18. 08

6.89

15.69

8.gz
1 .08

1.26

o.49

0.8'l
o.77

7.38
6.10

NS

***
***

NS

*r+;

NS

NS

NS

NS

rl. rl. *

***
!i tl. *

+**

**

NS

NS

NS

NS

NS

*

rl. * rÍ

15.8 11.1 18.8

,1. P < O.O5 *t P < 0.01 *+* P < O.OO5 NS, not significant



APPF,IIDIX IV(a). E}PERT]4M{T 2 - RESIDUAI ffFECTS OF TREADING TREAÎMENTS ON PI,ANT DENSITY
(Dates sampled 19.10,?1. Data il p1-ants/m2.)

Treatments

Mean

LsD (5%)

cv (%)

146? 2574 25o6

Treatments Sward

Sub.
clover

Swards

A.R.G. Mixture Cluster P.R.G. Ilean

A
B
C

D

E
F
G

H

I
J

3039
2514
2101
1313
900
6oo

1651
1238
713
6oo

46t4
49t5
2514
3264
1201
1238
2213
2664
1613
1501

3339
4zoz
2926
2701
165t
116t
2BB9
2476
2026
1688

5702
5477
442?
3451
2476
1611
3414
4o5z
2138
1613

64>t
6303
4840
4352
3602
3526
48zz
1677
3151
2514

4629
468z
3361
30't6
1966
t6z8
3009
2821
1928
1583

3436 4329 zB62

309588

Treaùment X Sward

824

18.8
J
vt\o



APPENDIX IV(b).

Treatments

Ð(PuìIMEI{I 2 - RESIDUAL EF'FECTS OF TREADING TREATI4E}iTS ON FASII]RE GROWTH

(Daie sampled 'lp. 1O-?1. Data in g/nz)

Sub.
clover

Swards

A.R.G. Mixture Cluster P.Iì. G. Mean

703
4t9
542
2BO

511
313
725
297
617
224

863
460
539
328
430
322
681
70t
512
254

7?6
39i
4gz
273
293
196
44,
297
295
263

?61
437
515
272
563
356
?96
271
6oj
24?

1033
551
6ot
437
327
3?6
Bot
279
587
251

041
4gg
537
375
457
370
6lg
'160

4s>
285

1Á.

B
c
Ð

E
f

H

T

J

502 4Bz52' 373 463

Treatnent X Sward

143

469
Mean

LsD (5%)

Treatments Sward

,1.fi.
I
Oro

cv e/") 18.7




