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INTROD CTION • 

Tr pllns ot paatun le an 1nev1tabl accom •. anlment ot 

normal gaging, and although the oeologicol pp:roach to 

eraaaland problems baa succeeded 1n unravelllng n7 or the 

problems of grazed paa ture , the exact role or t1"8.D1pl1ng bas by 

no means been fully elucidated. Present ac1entU1e thought 1n 

res ct to tbia pl'Oblem waa well aunnarleed by Melv1ll ( 1954) ,. 

The gr zing animal bas an effeot other than as a 
manur1al and defol1at1ve a gent . Pasture plants are oontlnuoualy 
being trodden by antm la ranging 1n we1sbt f:rom a few pounds to 
over halt ton, w1th load1nga up to man1 pounds per square 1nch 
ot hoot surface . The ett ct on plant grtJNtb and co eo11 
consol1dat1on 1s n Ver negligi ble ; on certain soil types and at 
certain se ona it 1a the r11ajor limiting f actor 1n cai-1'71ng 
ca c1ty . 

The work reported 1n this the a le de ls 1th a am 11 

facet or thls total problem, .facet wh1ch 1s claimed to be 

the 1n1t1at1ng point 1n the oha1n of reactions involved 1n 

the effects of treading on soils and plants . The atm waa 

to define and mea uN the important animal detom1nanta or 

these eff ects . 

The probl or de f 1n1t1m aa appr cbe<l 1n two 

stag • Flntly, the lite ture waa rov1 wed to d te lne the 

oone.J.de~atlcn lven to tre dlng 1n recent man gem nt 

pi-aotico , and ore pozetont, to d t lne the known l'ole at 

1n the ecoloa ot 

PJt1orl tntor. 

0Q t e Goll ot t pl 

ex 1n d. 
• 

-. •. ..._1 pa tu complex. In 

l'dln the pbyatcal err ota 

lagoua ourc or otre a waa 



( J) 

S.0-cndl.7 • rr the toregolng study a o4 l ot the tarcea 1nYolYe4 

ln hoot action ( tbe mechanics or the aupport by the a oll ot 

a boot bearing aupep1 poaed l d) u set up. 'l'be tactora 

1n•o1Ted 1n trampl ing wb1ch were l1kel.y to be of importance 

el tber 1n hoot act1m. e ~ their effects en aolla an4 

pas turea • or both• could then be. detlaed. tor aurement . 

T cbniquea or eaauremen t were then developed. Thia port1cn 

ot the study 1a ported 1n Part I . 

Part II deal.a •1 tb prel1m1nai-, 1nvest1 tlon 1n 11rtdcll 

three boot raetors wel'8 asured for a sample or forty an!mala . 

lfh!a • d signed to enable the Npeatabi. 1tJ ot the measurement 

tedhn1qu a to be detel'lll1ne4. 

The knowledge or the prob ble outcme. d other t1nd1nga 

trom Part II wer used 1n pl.arming Part III . In tbia a!n 

1nveat1gat1cn• slx boot features tor five 3erse7 an!mal.a • 

canprlelng tl• ge cl.aaeea . wer •asared. ·1n th anal.ya.la ot 

the reaul.ta dltteren.oesbetween cla sea and sub claas a wel"e 

xamlned. Wiler poaa1bl•• the alm waa to precl 17 

evaluate dltf" rencea .. then to ett ct a• ar7 ot the reeulta 

obta111e4. by pooling 1mllar claaeu OP a b cla • • d 

ca.le t!Dg coablned eathaa • • 
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CHAP I 

REVI O LITERATURE 

A. THE ORTANCE OF THE 

DEVELO ENT O R CENT HUSBAl DRY PRACTI C S 

Two ..,....._ge ent pr cticea • ch of which clai to reduce 

the effect oft pllng on p tu.res, haTe recently secured 

the attention of an1 l husbandry workers. In ew Zeal cl, 

the e of a• inter"stock holding paddock has been the sub-

Jct of trial at asey Agricultural College. In rioa, 

t he rel tive erits of" oilage~ or chopped gre n forage, 

fed in troughs, and no pas'turing ot stock, have been in-

ve tigated at everal ot the in rese rch ce tre • 
• 

1. Then i nteru Holding Paddock 

At assey Agricultural College, a " i nt r• holding 

paddock was e ployed, in 

igned to achieve 1 

ere. {Riddet 1954). 

'Production Per Acre Trial• de­

production ot dairy produce per 

In the 1954-55 a o the • ter" paddock was uaed for 

lengthy p•rio a te 

holdi pen tor th• ll cow Jersey ~4, pl 

Beh•• . January 

d winter, aa a 

'the 20 per 

1.1 at a cent replace Gt atoo. 

total of over 4000 -·-1..&. 
ter addock. 

d a• a •P• t OD. t • 4 acre 

~~-~• • re fed oho pe4 er to • crop, 4 
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ailag, on the paddock; d paatured oft tor pproxi tel7 

'three hours per day, on autwm avecl paatu.re OT on other 

pasture if ch was av 1l ble. 

Grazing on the re nder ot the 31.4 acre experi ental 

re coul.4 thu be controlled, by the beat known ethod , to 

ximize pa-tu.re growth. It waa also claimed that "po ching" 

on thi r a1ning ar a reduced and resulted in grater 

herbage production and proved utilization. 

The plic tion tha t tr pl1ng, and/or "poaching", re­

duced pa tu.re produoti.on,was borne out by the appearance of 

then inter" paddock where, due to the co bined ef:tects of 

overgrazing and treading , little h rbage was visible by the 

early sprill& (Ba1son 1956). Figure (1) shows t he anim ls 

on a half acre portion ot the paddock~which waa used as the 

holding area for 10 wee of tbe utwnn nd wintor,a d was 

consequently ore heavily trampled than th r inder. 

Little pasmre re ined. Soil change obaerv dare record d 

later (paee -2,4). 

The" 1 ter" ddoc was plou bed 1D the sprin nd 

01111 to . er torqe crop, then r cult1Yated ao1r11 to 

no pasture. a e dii':ticul 'ty wae to 4 in pre-

aring a aeed bed on beaY11y t pled one•, no pe,IL,..._,..,.ent ill-

ettect were noted. f1tt1.ng the • of the •w1nterR 

pa dock into the manage ent prac ice ot pasture re enl 

eYery 10 years, the dfecta of trupl ere concentrated 

i n one ana,where they were ten corrected by the no 



Figure ( l). 

Pigure (3). 

The ;,1assey i,.e;ricul tural Co lle6e ""!inte r" 
addock. 

Single footprint in the "'Ninter" paddock. 
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~he 8\lcces cla ed for thi sy te po ea two queations. 

fir tl7, doest pling or •poachi g" cue 

production, su.tt1c1 t to j ttty the use ot 

redu.ction in 

"winter• 

paddock? Secondly, doee the 111 tre nt of the "winter" 

paddock o ally result 1n no lo s of ferU11t7 or produc-

tion? ch of thee que tion ugge ts that a close e -

inat1on of the t pl tactor ha now beco e nee sary. 

2. 

Chopp d green foraget(t d "oilage ~ ill the United 

~tate ) cut with forage harvest r, ha be n fed to penned 

ani ala, often in dry lot, with varying degre 

Wh n thi sy 1;e was ppli d to pasture, the a.n.i 

ot SU.CC a. 

e:ffect 

ot ~r pl11l8, fouling by dung and urine, and selectivity ot 

grazing,were l.iminat d. hese were replaced by mo ing -

defoli tion and b7 rolliD.g by implement wheel ·• !be r turn 

of dung and urine 1 not tione.d in any of the 11 tera ture 

cited. It lo ea of plant nutrients, eapeci ly of urine, 

re high, th D th1 • a eriou critioi ot the workers' 

thod, nd poa 1bl7 of the sy 't 1tae1f'. Info t1on on 

thi oin-t d at le accoapany reporta of ex ri ent l 

work. 

•• rah ea1pe4 to co pare 1th etficie oy ot aoil. • 

an4 JlO 

ere•• at •••ral o tree in 

• t'llr.e 

rica. eao 



(1953) l)Gft Dlllilll.11 •--
ol.ualaaa eCNl.4 1>e «.mr> f'r• their • 
matloa zie~.....,..IA 

•1 •J"otaU.cmal.• .. :UU~ 

At the UDtW&1!1a1· 

US11&D ollpped aa4 gnse4,, 

IIJ.o,e4. 

Callfm'DS.a• Xttner !! -• (1954)~ 1D 

tmilar •x»er2.meut • lfl'tpt barle7-alla.Ua an altalra 

ture • olaS.med MsJ)lV aigldf10a.Dt 1D nase b ~ »ro-
duot1m pei- aoze to reau1t fr fee41Dg fresh CHdlago• oa:ope.:nd 

w1.th 8 to 10 ·4&7 po:r ___ ook •rotatiGDal• graa1Dg. 1DOreaaaa 

redu.ot1on in tba astase of feage prodl&Oed, due 1D tuzn to a 

ze4uot1on 1D trampliag• ~oul1Dg b7 xoreta, and sel ot1V1t7 

S1m1lar ra ulto ze obtained at I 

(Soholl !! !!!• (l.9j~). 

l>r allal1a »a•tm~ a,P:.Dohopper IIOlll&af:~v to 

wsed 

• 
C 1D 4UfeN t Na& • t 

tbe s: 1'8i: ef (O&Jll.e - (19'4 19' )). 

17 tM CID t!lat the 8 t 

t at RD • or • OD •ahert- or Uttle 



advantage waa gained b7 -u.a1ns the harvest feed ayate. It 

the alfalfa, nd alfalf -bro e paaturea used in the other 

experiments were barve tecl nd grazed t relatively tall 

growth at ges, this c~uld help to expl n th euccea of the 

soilage yat c1 1 ed b7 other worker • Aecordlng to 

Gullickson trampl.J.ng and .t'ouli.ng lossea were grea'hr with 

"tall " crops. 

Thia explanation erved to phaai e the importance of 

the aaalytical pproach to probl of this nature. All the 

work ntioned above eo pared the gros effect of two rSta3 of 

manag ment, thus king t he resul.ts ot limited use when 

applied to other conditions. The actual factor re pon ible 

tor the clifferences observ d were neither s pr ted nor 

ev luated. Trampling was frequently entioned as being ot 

importance ,but the con iderabl.e effort exp nded in this 

research did little to aaur its 1mpar c. 

The advoc ts of the •wi~ter" paddock in ew Ze land and 

of the eoila ge teeding 7ete 1n ric , each clai cl to ve 

reduced t pling lo ea. fliere 1 a need, therefore, for 

factual illfo tioa 011 'the t'u.u ental nature oft pl.iDg 

and 1-ta eft.ect; on aoU 11d paature. such info: tio 1 only 

lik•l.¥ to e obtain 4 by an a p c ich co a1.4era 'h"lamJ>l.2.na 

in 1 ta proper pl ce, a part of t he _ .. .._... - ture c pl.ex. 



B. TR PL G RELATIOB TO THE ARI ~.1'L>...-SOIL­

PASTURE CO LEX 

l . Introduction 

Th ecolo ic l a pproach to grassland proble a 1 ased 

on the work of e rly ecologiata, represented in Bew Zealand 

by L. Cockayne (L. Coekayn (1918)). In England, St pledon 

led in the ppl.ication af ecologic principl a to proble 

ot gras land farming (Trumble (1952) ). The cological 

ethod ot approach t akes into account th hole c pl x of 

env1.romnental factors wbi.ch govern the :nature, distribution, 

b haviour and perfo nee of particular plants and ani ala 

and associations of either or both. !his approach bas proved 

to be a fundamental prerequisite to the unravelling of 

grassland proble s. 

The goal of all grassland wor kera ha been de cri bed by 

~c ekan (1953) s being the •continued xi production of 

human food fro the gra al da of the world• . 'l'o ehieve 

this, anage n'\ of an la and paswrea houJ.d aiJII to pro­

vide, thin the relatively ri 14 t awork of cl te d 

topograpb7, 7 r ro d a ce heen -.-r..1. req ire ta 

d her e oducUon-. oth ,r part ot ~1• pro lea, 

t • ahorl te effects on the ut11.u 11 ot pa ture 

erbag·e a • r...-1 7 cArth11r { 1949). or era 

senera117 co 1dere the ao111al t c~r t d:efollaU 

(1nclu ae1ect1Tit7 ot gra 1 as a c • o -•~-->, 
excr 'lion d tr&1im11ng to , e £ otora affectin eta ot 
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pasture grown. BoweYer, cArthur at.tea:-

Wo tiprea re a a1la le eiiher to indicate the 
waat ge oft ed t occur o pasture grazed 
by da11"7 cow • in ew Zealancl or 10 ahow the 
rel ti ve taport nee of cl ping or treating 
loa • • 

2. Long 2e att,cts ot th · 1aal on Paetu.re 

For the purpoaea ot this reYiew the Long Term Eftecta 

of the animal on paeture will. be considered under the 

heading of Defoliation, cretioa and pl1ng, a 

din on aim.ilar to that used b7 Donald (1946). 

(a) Det'ol1at1on 

The effect of an1tic1al defoliation on pasture yield 

and ch ical co position of herbage were studied by oodman 

and col.leagues t Cambridge (Woodman and o {1932) ). 

Other early work w a reTiew d by Donal.d (1946), Edmond {1949) 

and re recently b7 Sc ....... _. (1955 ). . The bulk of' the 

ertdence reviewed showed th t frequent cu'tting, seTere 

cutting, or a COJ11binatien of both, will lead to decrea ed 

yield; whereas light intreqaent cutting wa accoapanied by 

· h1 er 71elda of her e. A aociated wi'lh reduced Jielda, 

• a reduction . 1n the Yigour ot the root a7ate { Jacque• 

an (1952), Schwaaa (1955), W•1muUlll (1948), 

(1946) ). 

nu.tr1tiYe Yalue • ecreaMd. 

7iel of 1pat111le vi ta api,eeri to obtain• at a 

alipll7 re HftN, or re freq t o tti 1 t-• •1 '7, 

71eld of 417 • tier. 
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V riaUona in response 1o detol1at1o ••re attributed 

to specie• 41tfe ncea nd to apeeiea 1A1eract1ona with the 

eDYiro--rut • 

A aore analytical aethod of •tu.47 baa an uaed by 

tchell (1953a, 195Jb, 1954&, 1954b, 1955a, 1955~, 1956). 

The eftect on growth of nine CUIIUlw.u. apeciea of ew Zealand 

sh.re planta at clitterent l Tela of light and t mpera'tu-e, 

ill conJunction with detol1 tion, were udned 1A con-troll 4 

cl. te c int. Attempt were de to relate ue ent 

t ctora to field aaur enta of aicrocl1mat1c cond1t-1ou 

and tiller den ities, in a de of paa'ttlrea. 

In thee tudi a the tiller n taken a t he 1c an.it, 

rather than th plant. Defoli tion wa shoWD to affect 

tiller r g neration, as well aa the producU.on of dry tter 

r till r. In th r apon e obtained int ction were 

shown to exist be en peciea, light intensity and te pera­

ture. 

It wa interr d that graz , by removing ahading 

toli al eri 11 ~nt naity t t • pl.ant cr0111D 

waa laponant in the tiel • Defoliation waa further c 

aidered to 1aport t 1D depr-in. t of to-

ay t etic ti • which 1 vital to • era 

factor an aa a poaai ~• urce of regulati •or.a Dea. 

e turt er e1uc1 lo of •• • ec • i roc•eclln«• 

(b) ontioa 

nlu ot azdNl excre waa real.1•4 t ••27 earl7 
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ti.mea, but the portance of the return ot pl.ant nutrients 

to the s• rd by th raz_ing an al, only fully apprecia-

ted with the develo~ nt of the cologie 

gra eland probl • 

ppro eh to 

Experi ental work at Jealott•a Hill and Ab rys yth 

in Brit in { rtin Jone (1933), vis, • (1937) ) fore-

shadowed the results obtained 1n ew Zeal d by Seara and 

ewbold at Pal eraton orth (Sear and ewbold (1942) ). 

It was shown th t oa a high producing, grazed p tu.re, the 

return of eith r urine or dung inerea ed p sture yield. The 

ful..l return of du.ng and urin together still further i nc ea -

ed yield. There were associated chang~s in botanic l com­

position. 

Despite the stated l it tion of the techni ues us d, 

as indicated by discrepancie in the balance between miner l 

nutrient cons d and exoret d, the result w r 1nd1c tiv 

of the 1 ports.nee ot imal excret to high pa tu.re produc­

tion. 1.'hey "dl"e so in · gr e ent with the findin&s of other 

workers which.,...,.. review d by 1>o d (1946). However, 

f\lrther a1 11 r tri l ( ara and Thareton (1952) ) at Lincoln, 

Can~er r,, t l 4 to how a 71 l reapo • to the re rn of 

uc • tl7, to .interaction •~•• A ot ical 

co 1 tto ( did ow a tr t t effect) d ell te. 

, Lincol.A 

(195J.), ara 

eiYe tri le .. re co!lducte4 t ..,. .... ...._ .... 

4 Gore ( eara (1953), lYille • 
a (1953 III), ear (1953 IV), eara 

(1953 ). ara et al. (1953 I)e the 1 ~1 e ce of 



-10-

red cl iu clovers. rphoaphate, lime, 4 sheep 

grazing (1 cludin& the etfect ot excreta) on paatun 7iel4a, 

botanical poa1,1on, ch 1cal coapoa1,10 of the mr4, 

oil co position, earthwo and ss- b popul. 'ti na, aa4 

on the rorlh ot bsequent to • crops. 

!he re• lta of theae tr1 la were cl.aiaed to ow ••er'J' 

clear cut growth reapon ea to un..ae", bot er 

wing and grazing. 'lheae reepo ea were r f1• c,e in 1>-

eq nt torage crop 71el4a. nifeat also were the exceed-

ingly coaplex interactions b hen animal, oil (p ical 

and ch ical prop rtiea) and botanical compoei t1on of pa tu.re 

1n aftectin 7ield. These co plexitiea were further 

exe pl.1f1 d by Doak'• work (!lo&k (1952) ) on the chemistr, 

of dung and urin pltches, and in the finding of inhibitor 

of root growth 1D urine (Doak (1954) ). 

Altho h tile t1Ad1nga t Seara el al. quot d bove, --
pp ar quite conclusive, the ct1tf1cultie of research 1n 

ecological pasture probl a a.re ucll 'Ii t deficiencieo can 

e towid 1 'Ute techai uea uaad 1a pae't\lN 71el4 detenina-

t1.o , even 1n th art1fic1 tun of t • retu.rn ot 

an4 .................. -. • poaai 111 v ~ :i;911111wuag· etteot due 

to • t e11aiute • Litew1•• • aotet 

• All m&61•.a..ut..-: d. the tall••' 
paawre waa •• 'tile 4-6 1 oh •-.C 

(~ ..... --,....•· {1953 ) ) 

1n41caha ~• po 1111t,- ot a ~r Jlto c11ag tao or-, 

1a t 'I plo • ••1118 4.H~•n t tnatuat• MJ' •• ea 
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harTeated at diff r nt pey 1olog1c 1 ages. !he aigniticance 

ot this, with the evidence available, 1 d.itticult to deter-

mine. ev rth l oe, the evidenc appear to Justify Sears• 

exp1anat1on and conclusions (S ars (1953 VII) ):-

Thus it can e eono1u.d d that although the grazing 
Etniaal does not noraally add any plant nutrients, 
it does play the extremely important role~ trana­
f or.ming most of the nitrogen fixed in the cl ov r 
plant, into a form very suitable for the growth of 
associated grasses. Also, by its action ia 
"f1lteringn out for its o needs the metabolizable 
energy constitllen~s with a mini.llum ot the nitro en 
and ineral in the her ag, and returninl to the 
pasture the balance of the la tt r lii i\s u.ng ani 
urine, the grazing animal conserves soil fertility 
to an extent depending on the class and condition 
oi t he animal. In so far as the ra "Ci cl turn over 
ot soil nutrients through th &niaal · stimulates 
gr owth of high producing specie and grazing and 
treading assist in maintaining thtil against the 
poorer specie, the animal can be said to build 
soil fertility. 

(c) TrampliAS 

Although defoliation and exor tion bave been shown to 

produce profound effects 1n the pastoral complex, and 

al though trampling is a~ · .1 d by oat authors to be an 

equally obviou channel of animal ac-tion, no reference 

could be found in which ani••J t pl.ing was th aubject ot 

direcft exp. ri nt;. 

Bate _ (1929-30, 193 31. 19.35) uamin•d the zonation of 

vegetatio •ltmB foo · pa a exp rt nted w1 til chanicai 

treau.enta which were intended to s1alll.ate trampling. He 

toW14 that plant apeciea 41:tterecl in traapling tolerance. 

!he s-e thesis was the baaia of Levy's (1940) treataent. 
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ot the now ccepte4 plaee of traapl.in&, in the ro le.m of 

co trol or hill ooun:try regrow • 

cm high producing sward s claiud w be detriaental, 1a 

tha1i it enco raced the ingreae of spring w eels. 

In the ork by Sears, already ent1oned, al tho h the 

prodllcti n trom wn and grazed lJ'l aturea a coaparecl., a.IV' 

eleet1v grazing and 1n 'lanta.neo and coaple~e JllOWiD.g 

detollatien. 

Extre traa;pling ettecte often seen in gatew y, and 

noted ill the nw111ter 9&dcloclt at •1 Agriculhral College 

( page 2) may produce obvious de trim ntal eff ecta which re · 

greater in et condition. If, aa observed, hooves penetrate 

the soil., root disturb nee au t occur. E Dd (1949) fo1md 

evidene, fro his o experimental results nd the lit ra'ture, 

t t root pl.'"tlDing tended to restrict yield • 

.3 . Discussion _.....,__ ... ,. 
!he thr_e n eb . nel by hich th n waa sho to 

reet ahre b rba«e pro oti 

(2). 2he cycle is co let mat1 ly in Pi · 

the neeti tiliu porU of 

the :rbap. of tr1• t, to • 

trl.UYe leTel a'I •lli 

pvt y .-.-11a&..,.at and la ~ ,- •tr I"a4:SUS.rtEHllt"i 

--...-... ,a carried r c • 
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14&.D&Bement is shown to operate by aodifying the grazing 

habits of 1.he animals. !his. at present. can onl7 act 

through control of defoliation; excretion and trampliDg 

aecoapany defoliation as inseparable and largely uncontroll­

able consequences. 

It is clear that there is a favourable •correlation" 

between defoliation and excretion. Optiaum defoliation by 

the animal will. by detiaition. maximize nutrie ts utilized 

per acre. tills will increase carrying capacity. and also 

maxillli.ze the excretion of pl.ant nutrients (provided the drain 

of nutrients removed in animal products does not beco ea 

limiting factor). Thu excretion is eomple.mentar;y to 

eptiawn defoliation in oosting herbage production. aatage 

of herbage produced du.a to fouling by excreta rill preawnably 

become gre ter at high r stocking rat•• 

Trampling tits into this picture of spiralling production, 

as a factor inereaaing in gnitude aa then ber of hooves 

per acre increases. Moreover. its effects have been 

observed to 'be great rand in om.e ea ea detri n"tal at 

high oil m i. h.re 1""•1•- !hia aeana 'that i.l"&IRpli.ng will 

:ve its gre ta" effect d.uring the win-t.r~ when a a.onal 

ps,stur · production 1 low. d ie i"ael.f re tricting oarry-iac 

capa.cit7. 

Hancock (1953) foun4 that the crazing Uua.,. alld pre. 

susabl7 therefore tile aount of traaplj.ng~ incr-e a d whea the 

quant1 v of teed aTailable • low. and/or ~• quali t7 poor. 
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Thus sea ona1 winter reduction in tile quantity of te•d 

available, by eauaing lterations in grazing habits, could 

r sult in increased tramp.ling, u.nless counterac1ed b7 aOllle 

device of msnagem.ent 811Ch ae the use of a winter paddock. 

The m.aJ r role of trampling .may be to make more difficul'I 

the equ.ating,du.ri:ng winter, of pas'ture productioa to an1mal 

requir mants. !his :proble d scribed by e eel.tan (1953) is 

mention din the introduction to this aection (p 6). 

lelvllle (1953) ives a second aspec of tr p11ng in 

this prob1 m:-

It is surely siguifieant that more and more r search 
workers and farmers are thinking ot winter feeding 
problel'ls, not in terms of the grass which they ea.a 
grow, but ot the sheer .physical epacity of the soil 
to carry th necessary hooves at moi~ture level~ whieh 
ar above field capacity . 

The physical effects ot trampling will be discussed 

further in Section C of this revi w. 

It may b concluded that the animal factors of defolia­

tion and exenrtion have been shown to produce profound 

efteet on p ture production. !he trampling factor has 

been sho to tt ct the bot ical com.poait1 not pas1urea. 

Obvious detri ni;al effect due to extreme trampling have beea 

, e.rYed. HoweTer, no vide ce coU.ld be found to how the 

effect on paatur• produc~ton. 

the light ~f Sections A 8l1d Bot th• ra'Yiew of litera-

tux- 1 i 

on paa"t'.u- ~ thro ht-

pl c-o d r,r du.c e feet 
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(a) ort tel"II waa e lo ot p a'ture h rbage al.ready 

produced. 

(b) Long te effecta on growth due tos-

(1) Cruahing of :foliage causing detol1 tion of 

tillers nd l &Ye. 

(11) Boot penetration o:t the aoil cauaing root 

d1 t urbanc • 

(111) Soil physical. changea. 

Different pecie of pasture plant 7 react different-

ly to thee effects, and due to an i nte ct1on with soil 

oi eture content, it is further pos"tulated that the effect 

ill be s aonal 1n nature. 

C. SOIL PHYSICAL FECTS 01 T LI GAND THEIR 

RELATI OB ro PLAN! GRO m 

pling aay at al.l tiae xert an influence on oil; 

even under dry condition aurface oil granules be 

pulYeris 4 into du.st d thus c use a deterioration in sur­

face oil tructure. 

etteo of rampl 

10 

-iapor· t etteot of 

t e literature rel• 

t • etine. 

t 

At high aoU moia'\ure conteau t • 

ec eon an pro oe tile condit-

•. inter• ach1na• • aoat 

pl • tore oc•ed1ng to renew 

t to traa l • t te • • 



-16-

1. De~inition of •Poaching" 

!he Shorter Oxford Dictionary gives the following 

definition of •poach":-

Of land: !o become sodden. airy and :ful.l 
of holes by being trmnp1ed. 

Used in this sense poached 1 aynollYJ!l&Us with the 

colloquial te "puddledfl or •pugged". In engineeriDg 

terainoloa these last two terms refer to si'twltio~s where 

clay materials e·tc. are worked into a compact er im.pervious 

condition. 

Bodman and Ru.bin (1948),in. an investigation ot soil 

puddling, defined ttpuddl.ing" as : "The a.mount of decrease 

in a~parent specific volume of a con:tined llftss of soil 

material" . Thia quantityt th y used ttas a me tNre of the 

extent to which th inv~stigated material. was puddle4 by the 

pplication of streN"• 

There is another aspect to puddling, however. Pt.lddli.ng 

implies a dispersion of the clay colloids in the soil. In 

a s'tlldy of the physical characteristics of puddled soil, 

KcGeorge (1937) deaonstrate4 that there were many eaaurable 

points o-r differ nn etween pudclling a1>.d conYenttonal 

.. 'thods ot mechanical. dieperaio of aolla. Por instance, 

when a aoil waa pudclled 7 working wilh a apatula, a't or 

ne-ar it oiature equiYalent, (which coincided witil 'the 

aticlq point), a pu1V like aaaa waa prodtlo•d• On diaper­

aion by ahakinc in water, soil so tr•ated diapl.qed ita 

greatest percen-tace ot suape11ded aolida and ita aaxillWII 
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settling Tolume. It worked with an exce a of 'ter, the 

soil formed a near liquid suspension, indicating diaperaioa; 

however, the ettling vol11m.e and percentage of auapende4 

solids, was considerably less. Thia inclica"ecl a leaser 

degree of puddling, am measured by the ratioi-

• Per eent suspended sol.ids for any soil. condition 

Per cent suspended solids 07 aeebanical dispemfm tn lit.CB aolllUm" 

These experim nts were, howeTer, not supported by statistical 

analysis and did not place an_y emphasia 011 soil organic 

matter, which today is considered of great 1111portanee in 

buildin,g soil structure. NeTerthel.eas, the maaifold 

effects of puddl.ing were emphasized, and the need tor new 

techniques in determining their magaitude was demonstrated. 

Also, the importance of the state of flocculation and sus­

pension of the cla:- an4 colloidal fractions, in relation to 

soil truoture, wae nppar n't. 

cGeorg produced '\he e puddling effects by kneading 

the oil with spatuia. f}i(J a-tress app11ed to the soil 

was o-ne ot co pression, reaulting in sher !'ailure and soil 

flow. 

Boclllan and Rubi.a. (1948) • a1.s•d a seoond aapeot ot 

pudcU.iAg. !he7 uasured 4.......,....,.. aa an 1Dor aaed 4ena1 V 

pnauaed 1G be du• to a cl 8lU'e o~ .r&• re apae•• · Botil 

tangential (she r1n«) •-- .,... aoraal. • treas nre 

etfectiTe. BoweTer. tile7 claille.J tba'I ftl.at1Ye deatNe­

tioa of air f.111e4 pores wa sreater witil coapr•aaion alone. 
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Thus, coapreaa.ive au-e sea aight be expected to pro­

duce 1D the main_ 1Dcreaaea in soil enai ty due to the 

elosur of air filled pores. Siailarly. aheeri failure 

could be expected to produce aore marked puddling effect• 

as 4et.1ne4 

cbangea. 

BcGeorge a ove, d leaaer oil denai ty 

WJ 1 1n examining the literature, asaoci tioaa bettr en 

coapreaeive atrea ea and deneity increases, aheeriag 

failure and puddling effects, would ap,-ar to be iaportant. 

Ther is re aon, therefore, to divide trampliDB into 

t wo rts:-

(a) An unknown trampling factor which 1 a measure of any 

oil changes not ssoci ted with visible poaching effect. 

(b) A. cro copically visible poaching factor, which 1 

defin d a: 

The physical change in oil atru.cture, due to the 
applioation of normal and eheering atre a to the 

11, by the hoove of an1aal, aeaaured by: 

(1) !he change in soil vol weight. 
(11) fhe change in atate ot soil collo14s. 

or pres nt purpo ea property (11) "fhe change 1 

atate of · 11 colloi •• will be tene4 pudd1tag, cl 

cGeora••• (1937) et o4 of aeuure nt of Ude pi-openy, 

aeoepted aa e ft7 1D trbic ita upt~e aay te4. 

2. Soll Plqfigal Ch!nc•• ttz-J.'blltea l9 .!'napllDf 

cJliy or ml.og oau.eea 

k • paa1, tnapltac llJ an1-•1• laaJt en ue4 to 
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coapact earth atructurea. dl.e·brooka (l.943) nohd 

that dro•e of eep e aarohed across•~- cl.uta, •• "h• 
•banlr:ment wa placed, to prortde t aeeeBaary co pactton. 

thus it mi ht expeote t t th grad. animal ul.4 

cau • oil co pacttoa. Only circwutantial eTidenoe for 

this could be follD.4 1Jl the 111erature. 

!'he ao t direct ev1dence waa tound ill a re•in of 

Ge ................. and Austrian work 011 soil compaction by Br:lnd (1952). 

ork by Gliemeroth (1948) s reported a.a showing that:-

Co paction due to treading by a 'ho-horae te • 
although serio\18, a aball.cnrer and lees intense 
1han that due to then-actor ( a wheel tractor), 
and affect 4 only a quarter of the rea tfected 
by the tractor. 

Treading ( by technician apparently) 

to 1ncrea e volume• ights. 

s also claimed 

On the other hand inv atigation, reviewed by 

Fountaine and Payne (1952) e tablish 'the analogo case of 

tractor tyres as a e use of soil capacUon, especially at 

s • relatively hip •optim1111 soil oisture content•. 

O i,actio a 

eptb, altho 

20 in • ill 

te tat the surface an4 dilliniahed w1 

. reporu to 4etectabl• at 18 an4 

cea. 

. . Pro their o work, POlln'taiAe d PaJ'n• aclude4 

t TOlJ 1184uaait1Te t 

exiaten of 

aa a epara't 

:At c•~ 4 1t1 •• Ter,r ••ll 

teot1 

4411Ag 



predaced extJ-'e •l.7 lari e ohangea 1a air permeability 

according to ea (1950). cl in ter 1nt1ltrat1on rate 

(Do een an4 Henderson (1953}, Par er and JeDD7 (1945) ). 

!he presence ot puddling could accOW1t for th1 apparent 

anomal.7. Pountaine d Payne concluded, that 1n e 

work on tractor ge to U aft'Gcture, water and air 

pe ability should be studied. 

o corre ponding atud1.ea ot the imae41ate and direct 

results of an1aal ·traapl1ng on oUa,could be found in the 

11 tera ture. HoweTer, surYey type clat ot th cWll\ll tive 

effect ot the grazing animal on oil reveal conditio 

di.rectl.7 analogous to irac-tor '7 . co preeaion. 

ilde~er and Robin on (1947) report d,in Penna lvenia, 

a den er 1ayer (as measured b7 vol e weight) at 0-l inch 

in soil profiles under grazed n'tucky blue gras - white 

clover :pasturee, de pit• the higher organic matter cont nt 

of thi l er. Low to'tal roaity, aoa capillary porosity, 

and hi oil den.aiQ' were a sociated with prolonged 

grazlng; indieattng closure of pore ace,• peoiall.7 

la.re• on pace • e 1a ervi WJ Aatllre ot e coapaet 

layer waa a1t111•wn. lJ7 a hisbl,7 aipiticant conelat1oa (r • o.8) 

1 . &Yer.age l"il1l ott per ,. 

of~•• a cl afld" c11 pillg Yqetatt , u • v.alia• • 

etoliat1. •~f• ~• of clU'ferent O"aaD& 1Ateaa1t1u. !hi• 

wa• aot repone4 117 ao.. other worbr• 1a tbu f1el4 ( Yu 

Dore (\940 ) aJl4 t •ir re81llt• an t r.fo?"e ftleftllt 
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to the effect of trampling on oil phy ical propertiea. 

In tu.rt.her aore extenaive inTe ti tion. Robin oa 

and Alderf r (1952) found soil co p ction, a d by 

vol e weight and pore ize di tribution to be mor inte 

1n the 1-5 inch layer t in the •. inch l. r. !he 

authors do not explain the grater depth of thi layer aa 

compar 4 with those ntioned 1n their earlier report. 

However. th 0-l inch 11 layer appeared to be higher 111 

organic tter in the second 1nve tig 'tion. Pree et al. --
(1947) d onstrated that soil amplea high in organic 

tt r ,,were co pacted to a lesser degree than those low in 

organic tter, by a given co pactive effort at a given 

oisture content. 

Aleo at variance with their earlier findings, Robin on 

and Alderfer (1952) touad th t: 

Atteapt to corr late l'\lll off with soil organic 
tter, vol weight, pore ize di 'h"ibution, 

lope and productiT1ty ratiDB ot th pasture 
were unsu.cces f'ul., yet exami tion of the 
oil indicat d t t co pactioa a an imper tant 

f ctor affecting infiltration cap city and 
1'\lJl ott. 

!he author• al attrib tecl the ertdencea of aoil 

eoapaction to the oo-~a practice ot allowing an1aala to 

"b'aap throqh paaturea reg r4leaa of ow ••t the 11 aay 

1'!17a1oal proper-tie of ao:lla o a Jae t pe1ra of 

ota, o grand an4 macrasea fara woo l.ota 1n 11 •. , _ .. _.ta,. 

eia'breDDu (1951). ol: 
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were higher, but organic tter contente were lo r und.er 

grazing . Special technique 4eYeloped to deterain• air 

pe ability (Wilde d Steinbre r (1950)) d water 

permeability (Steillbrenner (1950) ) were cl ed to how 

lower air and water permeab1l1t1 a on grazed areas. Re­

sul ts of a slailar atu~ by Chandler ( 1940) were in general 

agr nt with these finding. However, the validity of 

co paring baolut oil properties, even on adjacent area.a, 

which ve been su.bJected to different tre tent tor year, 

must be questioned. f ctora, such s outright pro-

file truncation by ro ion, or simple vegetative coYer 

differences, could ccount tor the effects attributed to 

trampling . !bus, in this and in 11 the urvey 't7pe data 

discu ed above, trBlllpling 1 not impllcat d a causal 

factor, exc pt by circwnstantial evidence, and the ccu.r cy 

of the worker• subjective observations. 

!his critici ppliea . in a lesser d gre to a 

tudy r ported by Johnson (1952),ot soil change due to 

ei t ye a grazing on a woode-d water abed, in the uthern 

ppal.ach1 ount, ins. 

P B1U:.ea ill t oil were ene4 to be aoi-e 

int• ae • ere cattle tencla to c • u. .& co•paria,n of 

f• • lmfence plot • e4 a c ai,ecte lqer to 

4eYelop, r •iaibl.y traa»l,e areas, t • 2-.4 inc la7ff . 

••en 4er l.1 't er. roat he••• b ll••• to looee tit 

0-2 1 C layer• tion 8 &CCv_.J~1.1o•v. 7 a 



aarked decrea • in total pore ap ce ancl a verr arke4 cle-

crea e 1n water pt- ability. o aigniticant. changes were 

obserYe4 on o:.lls iD area aeldoa visited b7 aniaala. 

ID View ot the confusion between t p11ng and grazing 

etteeta :.ln BlllT87 type studies, n atte pt by Packer (195.3) 

to 1 olate th 

1 of interest. 

effect of tra pllng on range land run off , 

Artificial t pling was shoe to inorea e 

runoff a.Jooveaeafe.level on certain cover classes of range. 

Effect, however, were ttributed to disturbance of 

vegetation, and not to physical ch&Dgea in tile oil. 

pling treat ent were pplied b7 eana of a mam.aal.17 

operated "iron hoot. This consisted of a circu1ar piece 

of steel, one inch thick and 0.20 aqu.are feet in are, to 

the 1 r circumference of which iron lugs w re welded, to 

repre ent "the harp dg of the hoof". he "hoof• waa 

welded to a t 1 pip four fe tin l ngth. The as bl7 

weighed 50 pounds and when dropp d fro ah ight of 4 feet, 

was calcul ted to exert a force of 200 foot pounds on the 

ground urtace.(.Packer (1,5'5')). 

at of thi aerie work 1 coDCerned wit aoil 

factora affect er run o.ff an4 eroaion, an 'lhu soil 

~•tu.re cont. ta d paaare proctuctton dur th 4r1er 

ao the. 

11 ed report-a of ••w &land work on the eff ec'la 

ot an1wal -t · plbag a,'11. be found. ObNn&tt DS 

OIi o ••117 traapled anaa were o 'tai 4 b7 prinh 



c Wlica'lioa. 

On the ey Agricultural College• ·~ tr• padd 

entioned e rli r, ob natio ( o (1956)) dUr 

the 1954-55 ea on throw o 11 ton the de lopaent an4 

nature of th po ched oil condition. 

h ar , situ.at 4 on a AJAu.a .. tu allt lo oil, waa 

h vil grazed during 01.u111Mvr • b t o croacop1c 

trampling eff cts w re n.a1ble, except around teed troughs. 

Early au~ r ins rely ccentuat 4th ett eta. 

As th soil oiatu coatenta rose in the early winter, 

· cro copic u-ampling ft ct • r, observed and foot prints 

re vi 1ble sin Figure (3). Boov a p netrated the 

surf' c oil to a depth of one to thr inche and o t od 

di app ared. In hollows ter lodged and there the top­

soil as worked into a slurry from one to three or four 

inch e de p, and in ar of he vy t pling, eT n d per. 

Such po ehed soil condition 1 sho in Pigare (1) d 

( 4 ). 

pl-. .... ~4 in the pring, ( igu.re { 4) ) th profile 

ed three o ea or orizone ex"ten ing wi alaoat un-

roke cot~ v er t • • ole field. e • zo a wer :-

(a) oe corr a . to the aurface 

ade4 l er 1c var1 in • 

c •• accor . 

atruc"tUrel••, 

rs••• It tende 

lo intenai ty ot 

:kcolo e 

to r • 

o1at or 

to tb 

o t ur 

• I wae 

•• er 
layer. 



Fi uri:: ,4) TLe ,:•~sse.:, c.:ric 11lt·1rc:Jl roll'-:_: 0 "WintPr 1 T 8, QOCk 
::.t t.Le s;1ring plou,_l.-.i.·1~. -.=,nl:i, Le dee- Pr . ;..1rts of tLe 
. 1,-._ "':i 1 2. er , blui sr ,::.1.d lr:. ;u:,a , 1 "'-' vi 8i ole ( ri ·bt r' :J: P .·ro11nd \ 
Tl.t=' li_r.t- uro,,n ~rariul··1r l;:i., "'r is vi si blP in thP - r,=,· ,"' i n? 0 r of 
~i:Y u: tur-nPJ sod. 
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(b) A •peye4• layer underlying the diaturbecl zone, -.WO 

,o thre inchea thick, blui h,clark, and water lo gecl. 

fills layer a sl zed by the plough ancl showed no truc­

wr. !he bluish colour changed to brown on expoaure 

to the 1r, and wa de cribed a reae bling a plough pan. 

(c) A 11pt brown p:anular lazer extending benea~ ploU&h 

depth to the clq sub oil. Thie layer was crumbly ancl 

obviously drier than the o..-erlying layer. 

On a .lilal~11ratu ail t loam, Edmond ( 1956) determ1..ned soil 

volUle weights and soil oi ture content in winter 

sheep holding paddock. 'this paddock was rt of t he 
.. 

experi ntal plots of the Department of scientific aad 

Industrial R search, Gras land Division, Palm rston North. 

!he paddock originally carried a permanent pa ture of 

perennial ryegra , white clover and red clover. During 

the lat utumn and winter of the 1955-56 sea on, elYe 

ewes per acre were held on the 2 acre area for thirte n 

weeks. The animal wer grazed off tor approx tely 

thr e houra per day duri daylight. Under thi treatment 

the pasture sod aatnly d1aapp are4 a in the •winter• 

paddock at aaey College. Po china of the aurt ce waa 

0 aerYe • 

Int we ty fiYe ao-11 corea collecte4, a cJ.eye 

lay r fna Oto 1.4 (Z 0.9) • d"P waa Yiaible 1D aizteen 

-pl••· ol ni ta and ao11 iature co ntente were 

etel'llilled at three leYela:- • t aurtace tot loNr 
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mar 1n ot the glef 4 l yer, from the lower •argia ~ the 

gl ye layer to 2.5 ca., and tro 2.5 to 5.0 ca. Thia 

comb tio11 o~ natural and ar itrary 

the r sult 1ff 1C\llt to int rpret. 

pling margins de 

therefore, the dat 

were d1v14e4 into 'thre group , according to depth and 

presence or ab enc• ot 'the gle7ed layer. 

table l 

ean Vol e weight, at three leTel, of twen-ty five 

oil plea fro the winter sheep holding paddock 

at Palmerston or'th. 

Gley d u-iyer 
depth cla a Sampl. 

Absent 9 0 

0.5 Clll. to 
1.5 cm. 13 ' 1.03 

i') . 37 

1.5 • to 3 2.9 
J.8 C 

a grOQJ> co d t 

Tv.-..... ... t SlHnrA i !able t 

tioaa o 

ahallo r. illilal" 0 0 

2.5 C • 

- 1.323 
.-t0.05 

1 • .315 1.355 
+0.17 · zo.17 

1.133 -

• ~~•crt•. 

2.5 cm . 
to 

5.0 C • 

1.309 
.t o.u 

1.m 
.t0.074 

1.320 

o na­

o 
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Soil 1 ture t nt shoved a deep se wttb depth, 

consistent with the hypothesis th t trampling causes sealing 

ot the surt~ce 011 . 

Th gley1ng phenomenon was attributed to t he p esence 

or ~4rated ferrous phosphate eo pounds (V1v1an1te compounds) . 

Their pr esence was bel i eved to be associated with poor aeration 

and reducing cond t1ons . On exposure to the tr , ox1d t1on 

to the ferr1e state is believed to account tor the ehang in 

colour rrom bluish to yellow brown (Fite (1 956) ). Gleyed 

zon s mas be demon trat under normal grazed p~stures on other 

areas of the assey College Dair tar , under wet so11 conditions. 

The physical effect of sheep told1ng on a li ght sandy 

soil in early winter was studied b Keen and Cashen (1 932) at 

Woburn E:x:per!mental St ation in England. Tis1ng an impact 

penetr ometer , soil compaction was shown to be produced by 880 

lamb dcys and 1760 heep days per acre . 

Although stat sties wer not applied to the results , tb 

v1d nee indicate,, th t co1:1pression wus greatest at depth ot 

3-4 e • nd extended to a depth ot 10 cm. Etf'eets wer not 

substanti ly d1tferent after one nth• rest . 

St v1ng r1 ts r e ed that co pr ss1on caused 

lnc ses ln oil cru 1z • 1ch v stil l pa nt, t 

to a le er degr e, n t r plou bing. tot l ettect ot 

p told1ng w s be 1 to b net 1e1 on tbl so11 t • 
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ry of Soil PhTaJ.cal Chayea a'ltn :te4 to traaplly, 

poachlnc or analogo 

(a) A surface layer ot soil dia~banCf haa been noted; 

in oversea reports due to tractor "7re co pres ion; net 

in Rew Zealand, due to heav,- trampliag, in on case by 

dairy cattle and 1D ano'lher by sheep. Dia s been 4ea­

cr1bed aa a puddled zone. Reports of American SUffe7a ot 

eftecta of prolonged gr zing oa pasture 414 aot ention 

such a layer. 

(b) Ac d aoil l•Jtr bas been reported at, or near, 

the soil &Qrface, and extencl.in« several i nches into the 

soil profile, after either tractor tyre compres ion or 

prolonged periods of grazing 4 t pllng by cattle or 

sheep. 

(c) A glezed lver has been observed on a 

lo , subj cted to he vy tock concentrations during autumn 

and winter. ~ is layer appeared to correspond to the eo 

pact•d la;rer ention, 4 above. On a beep trampl.ed area on 

tile • a 11 'Qpe, the gle7ed layer waa Jmch shall er and 

corresponded 1n po 1-tion to the diatur e4 or 441• 

aauo cl abo••• 

De 

( ) Low 1nt1l'lration ral•• of air an4 water1 hip oft, 
. . 

and ehayea in pore aise U~ri 11.oa, acoorcling lo 

OYeraeu npone, nre • aoclat•4 "1 a 11 COJIJ)elCtio •• 

aaure4 'b7 Y 1 weipt. :mtlae .tt•ata iD41 te4 a 

•nlinc ot t ea.rtace 11 a'tb1.. ta • to a oloau.re t 



the lar e pore s. - ce 1n compacted su.rtace lay era. 

( e ) There s a fund ntal d.Uterence -etween the rican 

and lew Zeal.and approaeh to the problem ot trampliy. 

riean work c 11tred on t ftecta ot soil phyaic!l, 

chang s respon 1ble tor high rai~all nm ott, -&lld con-

sequent l er production due to low 1l i ture con-

tent , and ro ion damage. Bew Zealand worker have observed 

only the direct effects of winter trampling on soil . A 

po tv.lat 4 1n the discussion in Section B (page 14) and 

implied ~ the us of the 0 Winter• paddock:, the pr.ime 

int rest in ew Zealand w in increa ift8 winter production. 

(f) The importance ot oisture content of the oil in 

regul ting th degree of soil change, due to a given treat­

ment, s indicated by work on t;ractor tyre compression. 

Obs rvations, rather than mea n ent, i ndicated that 

trampling produced a gre 'ter eff ct on oila at high 

oi tu? conten~. 

!he ,__ of oil compaotion 4 shear d 1 t 

rel tio11. to oil moi ture c tent wil.l be cona14en4 in the 

next action. 

J. paction1 

ature Co 

14 • ta part 2 ot thia a•oti 1 ioau that 

aoil co• cti aaur• b7 • l e wei , c p, 

infiltration rat-ea 'ter .. re, ace panie4 bJ' 



-30-

chaAges 1n pore size distribution, indicating aero pore 

collap •• 

The ohani of this change was inYesti ted by Day 

nd o D (1952 ). i Yed aggr gates ot ach of a clay 

l nd ailty clay lo w re pl ced under controlled con-

fined pr asure. 1cro copic ex 1nat1on of plea at 

1ncre 1ng stage of compression, as e surd by increased 

w•igbt, showed progressive closur of inter­

aggreg te spac s, due to plastic defor ation~f the soil 

aggregates. Pla tic deformation of the soil occurred 

readil.y at moisture content corresponding to th lower 

plastic 11 it (Figur (6) ). 

At lo~er moisture contents, inco plete closure ot 

inter-aggregate sp ces, and reduced co pre sion of the 

sample, w re attribut d to inere ed resist nee to sheer 

failure (d formation) ot the ggregates. In this work 

int r-aggre te pac wer largely air filled. 

In aturated oils Kr;ynin (1947} stated, aa a 

ic concept of co pr aaion of non-ag B ted clq aae, 

that inc• aoll particles ad tr are both inco prea-

1 le, co preaato colll. only occur by ex ulaiOA ot water. 

Go :prea ion ie thus delqe, • ecially in oils ot low 

poroeit7, d •tote t lag • 1er 1• q; eeze4 fro 

the ••• 

ichola 

tiv..e oils 

d ver (1930) in la ontoryteeta with 

r COD oua contiJle co preaaion, t011D.d 



b 

2.0b ------...---+------"----"~~ 

I 
Figure ( 5) . 

Figure (6 ). 

(a) Direct stresses on horizontal planes 

Surfaces of equal stress beneath a 
loaded circular footing (Tavlor (1948)) . 

Sieved soil aggregates (l); and (2) 
after controlled confined compression 

(Day- and Holmgren ( 1952)). 
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that the pr cent coapreaaion achJ.eved was a function of 

oil oi ture cot nt. 11a r ched their max 

stat of c pre ai ility through 'the pl atic re.DB•• At 

lowe.r aoi tu.re content wo ao11a showed rke4 fall off 

in compre ion. Data w re inc plete for other oils. 

Bo ti tieal treaf.ment wa applied to these result. 

Soils with differ nt pl ticit,' numbers. at ctor related 

to their clay contents, v ried 1D. their coapr aib1lity. 

Thi draw att ntion to the tact that all work quoted 

deal.a w1 ih cl.ay, 11 t cl y lo81la, or loam , all of which 

were a1mo t certainly plastic oils. 

ountaine and Payn ( 1952) found vidence in the 

literature, for the exit nee of an optial oil oi ture 

content tor tractor tyre aoil co pression. 

In ngineering, an optillum soil i tu.re content , 

determined by th •Proctor Co ction !est•, t 1ch co 

p ctioa a greatest for a g1Ten coap ctive effort, has 

long been an e ublishe prin.cipl ( ylor (1948) 533). 

!he evidence preae ted abOYe Dl,lljtM;e t oil 

pre ion, t a1 tory traap1 • ae , •111 • ~ ate t 

tor plastic o1.l.a at •opt1 • eoll 1a1ure o .'te i. 

At thi opl-•- point the eoil ormab w11l •• a 1 • sheer 

tnagth, tile btel"-'acsre te ce• will Jllal 1117 ca• 

fill• • !h1a 4etillea • ia1v• o 1Jall r to • 

oiature • ..i t. 

e proporlion.al.117 ot coa ctioa o oo:~::~ti atreaa 
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has b en deaonatrat 4 by everal. workers. Renewing the 

effects of imple nta on soil, ountain and Payne ( 1952) 

concl d d that co ction waa "'to . degr eu proportional to 

th load on the roller concern d. Baver ( 1948 page 325) 

11kew1 e quot d ll1chol • • finding that th percent co 

pacUon incre se4 w1 th pressure in connectton w1 th soil 

tillage. 

Bo n and .Rubia ( 1948) showed a proportionality 

existed between the magnitude of the applied stress. whether 

no l or ~angential, and th 1ncre se in volume weight 01' 

co~illed so11 sempl.ea. Using the same ap . ratus, Dey and 

Holmgren (1952) in their work no'ted above, oC>nfirmed this 

finding for normal tresses. 

Thus, the proportionality be een eom cting stre a 

and the intensity or compaction produced appear to be 

well established. 

Stre Di ctribution 1n the Underground 

o data• r available d rki. tbe lo tion, if 

pre nt, ot zonea o com ction cau ya · le hoof­

print. Soil m chan1cal theol'J proT14e •••ral • thoda 

ot redicti zolll of tre • ( . ;rlor ( 94 } n.1 (1947) ) 

whic -...,;.,u e ex c't o corre 

c ion. In eory, ~aces ~ ual •tr• • 
1 a d circular too a were toun -to to • rie• ot 

nYel.o or b 1n Pi (6) ( lor (1.9,8) • 

567). • wept tu of th••• a • Cl~ie ae a tr&cUoa 
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of the unit l d (q p.a.1.). In ll. such tileoriea, 

tre waa predicted to d1JD1n1ah with 4epth,1n a manner 

similar w the tall oft in th intensity. ot soil co pactton 

In all etiloda used to estimate stress distribution 

1ll the u.ndergrotmd, th breadth of the tootillg determin 4 

th depth to which any given traction ot the Wlit load waa 

Thus, the brea th of th hoof, and the unit 

load on th hoof, m.ight be expected to b d e Dallts of 

the str es di tribution Wld ran animal's hoof, and hence 

of compacted soil zones. 

However, an xaminatlon ot th~ basic &t,sumptions 

involved in the calculation of th ae tress distribution 

env lo s,l d 'to the conclusion,-t "t the exact nature of 

the proportionality of thee~ enve1ope a to breadth and 

unit load,auet be determined by experim nt,be!or th 

theory could be pplied to surf ce s ils in aitu. 

( b) Soil ear 

ti ,la ra ry ideACe of ur In tile fore o 

fulur ot 11 RRlll:FWHnll pr nt d. 

It r dock at .. ,, . , 0 •• t ck 

t ed art ce u d c • -4 a U diapl c nt. 

(1947 131) efi e b l ~ a 

of soil re 't • naainct•r aepect of 

-oU shear. Di e co 1 er t 1•place t 
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-• opposed bJ the soils sheering reaietanoe, a "pa elYe" 

astress called forth by, and equal to, the applied or 

"active• ahearia.g stress. When aa increase in the applied 

stress tail.e to produce a corr spoading 1Doreaae in the 

pass1 ve sir- s, soil failure occurred. J.t this point the 

sheering re istance r ached a mi.a value term 4 the 

shearing value. 

In the special case of a footly1 on the surface of 

aa arth mas · carqiy fl euperi posed vertical loa41 the 

sheer valu a defined as the aini.m unit load causiy f 11-

ure of the earth termed the "ultimate bearing 

cap ci:tz"• 

Di theory pplie to all cases . and there was no appar­

ent reason why it abould not apply to the c se of an 

anima1's hoof (the footing) carryiDB a auperi posed load 

in the fo of portion ot the animal's weight. 

Th . oil's shearing rea1• ce ancl ult1 · te beariy capacit y 

Th shearing value ot a soil also • te 4 1 ta 

hear tr ngth, eh aring atnngth, ul:tilate bee.ring reai­

tance, or 71el4 ftlue. 

• shear aveoe\h ot ao t p aolla i a1 '111 baa been 

cle't rsd..D 4 by Plqne an oa 1ne (1952). t e1r 

re8'11.t tbey oalcul te ftl. ea tor the ao11 paraae'tera 

o and 1', 1n the u • 11&11 r r aheer at th, 

4eTel op•4 b7 Co1llo b in the 18t C• ~. 

where 
a•c+ . ' 
a• aheer av~ 
c • apparent ooheaio 
P • ~'tal pre--...... -- ao 'lo ear plane 
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1' = Angle ot aheering re ia'tallce 

!he parameter c and 1' are constant only for a given 

soil, wider g1v n condition ot oiature content, pretreat-

ent an d nwaerous o'lher t otora. o value of c or 1' 
obtained b7 Payne and ountaiDe, 011 ten aolls, ranging troa 

sands to clays, was al1 enough to 1nd1 te t either 

tem could be neglected in Couloab'a equation. 

~lor (1948 page 577 ) show d th t1cally t t tor 

an actaal. tooting the ultimate aring capacity oft t 

tootiy wa proportional to both c and 1', and also to the 

breadth of the tooting. Only when 1' ~ O could breadth be 

ignored, 1 •• in a •highl.y cohesive oil•. 

of Soil CompacUon1 Soil Sheer, 

and the influence ot Soll isture content on these 

Propertie 

(1) Closure ot inter-aggregate spaces in oil under 

con!'1n d co press1on, due to sheer t ilure ot soil aggr g te, 

has be n deaon trated experi ental.ly aa one aechaniaa of 

soil coape.otlon. 

(11) E'ridenoe troa Jl&D1' eourcea ahowed that an optimml 

11 ie'ture content ex1ate4 tor eac aoU, at ich coa­

paction waa greateet tor a iven coai:aottve effect. Ia 

theory thia •~--,4 be a ftl. close to t 1.ture • -

Tal.ent, at ich 11 aggre h eheer atrenc 1 low aDd 

large porea are aa• t1lle • 

(111) Soil c otto • • o to proportt 
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to the · co• paotlng atreaa in laboratory and field. 

(iv) !heo17 exists b7 which atresa zones can be pre-

dicted in ideal.ized oil -«JG !he basic as ptio 

involved, how ver, make their direct application to surface 

soil 11Dwarrantable until tested b7 uperiaeat. Streaa 

di tri t1on s, in theory, determined JU.inly by bre 4th 

ot tooting d tmit load. 

(v) !he ultimate bearing capacity of the aoil,in 

plastic oils, a bown to be depend• ton the breadth of 

the loaded tooting, and on the ah er strength of the oil. 

(vi) Shear strength was shown to be dependent on 

cohesion ( c) nd the angle of bee.ring resistance c,). A 

method is available tor determining these parameters in 

s1'tU tor surface soils. At high oiature contents, the 

property of ahee.r strength is replaced by the property of 

viscosity in pla tic oil. 

4. !he elation of S 11 PhYsical Changes Induced by 

pl.iy 'to Plant Growth. 

idence revi ••4 • rlier in "thia aectio indicated 

that t plt~, 1n cert.in cir atanc••• produced a 

aeall t t • aurtace aoll tbro pu 41 and/or c 

pactton. 

toftl 

(1952). 

ette t of ''eoU ptqaioal c 

~•ct ot a ••ri•• of auuu1 

A eallnc and o ctl ·or 

0 pl.ant growth II 

ecl1te4 b7 • 

ace soil 1ayera, 
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eolll4 a4Ter ely affect pl.ant growth through aechan1oal 

peclallce of root, 4 creaaed oil aerattoa, d i4Terse 

so11 moisture rel tio hi • ft iaport;ance of th ae 

factor to plant growth a em.phaeiz , but the critical 

l Tl t which acb beca a 11a1i1ng factor nre ot 

known. St111 le wa known of the pro ble interacUona 

hen th se factors and oth r cl tie and udaphic f'ao­

tors. Cl arly, c _miels existed ,hrough which t pling 

could ff'ect · sture growth, but their l,W;l01/!~ ...... tude was Wlpre­

dicted. 

Exp r ental wor carried out recently by Edmond (1956) 

1nv stigated the effect ot 011 physic 1 tre t enta on the 

growth of pasture grasses. file na tu silt cl loam 

on which poaching observations were report d earlier s 

us din all xperimen'ts. 

In the fir t study edlinga ot perennial ry grass 

(Loli per nn) and short rotation ryegraaa, ( a l'few 

Ze l nd election fro hybridizations beh n L. p r 

and L. mul.Uflorwa) wen grown 1n aoil ~clraulicall.J' co 

pre ed 1n steel plpea. 0Jlly t e at level ot co 

pre 1 n ( 200 P• • i. ) pro ce aa, e1pit1 t •ftec·, 

..... ~:", 1n the tom of a re Uo in root wei t 1A e 

4- c • layer. op 7iel • • re unatfecte • ow 

1 change• ftN 

It • aleo ob 

1urna1 te pera 

en • 

"•· bat the eoll" ped, 

c •• an4 alight clrJ'iD& an 

• to 
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of the o11,1fh1ch elieYed to cau ea reduction 1n the 

effects ot the co prs ai~A veatm.enta. 

In the eoond study, clli.nga of the grass 

specie were plant din 1 field plots, preYioualy ub-

jected to tour aoU u-ea enta; control, puddled b7 rald.n& 

when. t, C cted, and puddled and CO&}BCted. Compac-

tion • a effect d by wallciq oYer the plota on short 

•stilts", d sign 4 to give a coapreaa1ve streaa ot 50 p •• 1. 

when 11 the technioi n•a weight a on one atilt. !he 

diaaeter ot the bearing re ltf C. 

With both gra s species, co paction produced highly 

s ignificant incre ae in yield ot dry tter. Puddling 

s ignificantly d erased yield, and puddling plus co paction 

was consist nt in raising yields over puddling alon, 

al. though stati tical. ly this compari on wa non significant. 

These results erved toe ph size the co plexity ot 

the effect of pl1ng on growth, rath r than helping to 

clarity the pro~lea. S011 treat.aent were applied at Y -ry 

h1g iature contents, po a1bl.J' too hi. for effectiYe 

cca ctioa. owever, the cl1v1aion o~ ~chi. into puddl.1ng 

and co pacUoa. •• in the· earlier cletiDi tton, p are to be 

J t1f1e4 •• real.ta. 

In thi• reYiew of 11t•rature, ••14en.oe fr . ••••ral 
aou.rcea ABB••t•4 that traapliag cauecl a reclv.ot1o ill 

pore a ce of the oil. Lieth (1954) reached a • lar 

con.cl ion fro a brief reYiew of Genum 11-tera'lllr• oa the 
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subject. Ia his own experimental. work,Ltcth showed a 

r lat1onahip to exia'I be'h'een pore space 1n the 0-5 • 

layer and the di vi.button of Aifferent gra al&ad plants. 

It claimed that tat1a,1call7 ipificant differences 

1n th d1e'tr1 utioa of the inclirtdual species {apparenUy 

s1lewed di tributioa curves) were demonatra,ecl, and that 

thes, in turn, were related to the per cent pore apace 

of the various soil types tu41e4. Except for a few 

specie of Wliversal. occurrence, these find.1.nga agreed 

with arlier work by Bothmer ( 1952) who relat d the oceurr-

enc of different apeeie directly to es ted trampling 

in-tenaitie. 

Lieth conaid red that th diff rences in pas1ure 

plant di tribution,which ere related to pore ce, wer 

due to treading by anjmal • In his disc11s ion he summar-

ized the effects oft pl1n in th diagram shown in 

Pipr (7). 

tot the paths 'thro 

which t pltng wae, in 'Ule ult.er part of thie rert • of 

11-teratuN, c 1d•r pro ce effects 1Jl 1aal. pae-

ture c plex. the ef~eota r aq ti 

of tre&diag . in ••• 41aperaal , aa f ~~• 

a1 't1 ,have ea a44e4. 'fa. tore ar. nai erect to 

perate o &11 a eooi Uoa of laJrta lll a 

ete..-...1~ the Gl.Ullate lilotanical n.-• Tll".II• 

taDtcal co aittoa ot· the awar4 
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~ --~ J.mOrl1orn'1on ~ 
Porospaoo (tilth changing e~o.) 
~ (Goll'l:lllft tOl'lll) 

8011 nir \ Root 
(Oa} , 1nJary 

!le&otton oC ploois / 
------ (Wider ooq,ot1t1on) 

·· re-ct 111flaffoe 
on plon, 

Shoot 
lnhib1t1o: 

\ '° obllngos 1n sro,rlb 

Intonsi ty of llght I ~ 1D p 
~ ----- ... 0011 ourface -c density 

:\\11"8· 

... , luotuo.\1ons in plftllt 
----- pro.POrtions 

Botanloal eompo&l tton .----
t oqu111b?JiUO 

FlffllN!?t• .l sobeme ror the treadine: oooplox. (Lietb (195'4) ) 



p a-iur production. !he work ot Edllond (1956),already 

quote4,aho e4 clirect e.f'tect ot artificial treadi on 

growth. De ettect ot trampling an growth. aa diacu.ased 

earlier, Wfl.e shown to act through a similar ttern,to 

that considered by lieth to atteet botanical composition. 

!he ettecta ot trampling are not neceaaarily always 

detr1mental. Beneficial. ettects in hill cowitry regrowth 

control were noted earlier (LeyY(l940) ). !rampling ia 

11k wise reco ended tor the breaking in of light soil 

(sand and peats) in need ot consolidation, prior to the 

e tablishment of permanent pasture. 

!he next chapter considers the ani factors which 

determine the gnitude oft pling1and definition ot 

these factors i attempted. 




