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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 



-1-

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 
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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 • 



XUTRITIVE 
r-1 

LEVEL 
I I 

'UTILIZED 

I HERBAGE 
PRODUCED 

G 

al 
WASTED 

A 
I z 

I I JI 
AliDIAL DAJIPLIRG G I 

son, 

B I 
A 

llCREfiOK B I 
I 

s PLAITS 
I 

DEJ'OLIATI OB 
L _I 

IIABAGEMEHT 

n,gun (2). A D1apauat1o representation at the 

P~1Jal haDnela o:f aot1on 1n the an1mal. 

pas--. ••»lex •. 



-l.3-

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 • • 
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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' 
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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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o1 

~ --~ 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. 
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........ ~,.--.. -., ..... 11 

BOOP .U.,l,ii)l,IIIJU);lilU)J.1r.l;. 

ID Wder t wua.uUl.u the 1mal faoton wb1J 

the .-..~•• .J!'aUJplJLng , tiles tes bad ft.rat t 

4eftned. DU deftn!.tt i.a atteapta4 1n Seot.ton A bJ' 

0 C.D&1d :ring the Oball1118lUl UlrGllgh WhS.oh trampllDg ooui t 

1D relatiOD to the aMmBEWlllll of hoot tlon. In Se t1GD 

B the »robl. t ted 1n 111911Hsl&r1D,g th• £ tore 

are etate4. 

A: OF DIAL F. CTOBS DIP-. ........... 

,1PLINO 

F:r the rert literature, tzamp11n a a 

to exert 1ts ff ots through the foll01J111g obaJJD la. 

l. Shortt of tu.re gr • 

2 . 1,ong term eff ts tUS"O thrcugh:-

(a) ddollat1a ~ tUl. rs and le ns 

(b) root cllatllft~le 

(o) ~--­
It 18 p 

•••Dt1alJ7 -..•--

1. 

2. tie n 
,. • 

Ul3-.iuU1· dll 

e t 4 

_JIIU x•· --11ot~) 
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( ere f = •a function of" and ita purpose in the 

e quation is to allow tor overlapping of hoof prints and an;y 

difference b tween hoof area and hoof print area.) 

In e ch of the above aentio.a.ed ch•DDele of hoof ction, 

wa tage, defoli tion, root cl1 turbance and physical changes 

in tile soil, it 1s po tu.l ted that the greater the area 

affected by trampling the greater will b the effect on 

pa ture or soil. 

In this equation the hoof print 1 tak n as the unit of 

trampling . !he magnitude ot this u.nit 1 supposed to be 

detel'lll1.n din parl by the are ot the hoof that de t he 

print. 

It i s further po tulated, however, that to s pecify 

fully the gnitude of a hoof print, a measure of the inten­

sity of the effect of the print must be added to the equation 

above. '1'hus the magnitude of an,y trampling tre 

i given by:-

!= f (N ber of boot prints x men hoot rea x i ntenaity 

of oof print) 

De intenai t7 of the hoo~ print ia regarded •• being a 

function of a po tulated interaction of the 11D1t l 4 on 

tile hoot, and the plqeical conclitio ot the aoil, wh the 

print s -de. Upon penetration ot ih• aurtace of t 

aoll thi relaUo hip 1ll4 be expected to change ancl 

ere •oul lie• -rk•4 1Dcrea•• ill all obannele o~ hoof 

actloa. 
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The 4etena1Dat1on of the uit load upon a hoot during 

t pl1q d nd the hll olution of the co tantly 

changing equ1libr1 . ot tore a and vector involved 1n the 

ction of 1mal. walking. The data required tor S\lch a 

oluUoa, •fr 

co1leeted. 

can be asoertaine4, haa 7et to be 

a fir tat pt ds 'the solution ot th1 proble 

it was decided to dea1 oaly with the au.tic case of a cow 

tanding 1n a tandardized "static po it1on•. easure enta 

obtained could be used tor cop r1 one betwe nan 

classe, but not for absolute values. 

sand 

!he numb r of footsteps wa considered to be a partq 

manage ental., factor. 'l'he 

dete 1nat1on of n ber of boot prints was thus a different 

type of study and wa not included iD thi theaia. Inate d 

measure ents were confined to hoof features dete 1.ning the 

magnit\lde of the lloof priDt,whi.ch haa alre d:y been taken as 

the WU t of trampling. 

!here are wo ~ feature• therefore to • •fine, 

ely, average area an 11Jlit l 4. Ill order to clef.la• 

• • feaiurea a o4el a co iclered of the 

t rcea 1 :.ol:re 1a • - por of a 1oa ed of bJ 

soil (tffaed • ~ cu • ). lll tb1a part101llar ... 
at'tentt will • giYen ~aotora whi en i,ene-

tnUon of o-t into th• aou, •• 11 ta atu.1.a,a ' 
tld will ca •• an 1Dcrea • 1A all P•••• ot t.raapl Saa 



effects, and e peciall7 ill root diaturbance and ptqsioal 

change int e aoil. 

2. The chanica ot Boot Act~on on Soil 

The tollowinc analysis ot hoot action on soil 1• 

aodelled on Jtryaine•a approach to the •baeie proble of 

oil chaaica• (Krynine (1947), page 91) ). 
,, II 

1s regarded a a footing, A· quare inch in area, re Ung 

on a horizontal oil urtace and carry1Bg a auperi posed 

load of • lb. (Pipre 8( ) ). 

ho probl e are poe dz 

(a) Stability 

Will the soil und r the hoof support the hoot and 

it superimposed lo da, or will i't tail in o e way n4 

thu llow the hoof to penetrate the soil surf ce? 

(b) Defo t10ll 

eth r the soil entioned in th preceding qu ation 

tails or not, prOTided an equilibri 1 r ached, ither 

before or after failure, what are the conditions ot this 

equilibri and what are the or4.era of th deto t1ona 

of the aoil, ill the form of coapreeaion,. a 4/or ah er 

failure zonea? 

(a) .................................... l_e_ .. __ 

(1) Contitlona for Stab111!7. In P1gure 8(a} • 

1 W cauna the hoot to exert an ac,1Te •'"• of P 

p.a.1. upon the aoil, where 
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P = A (P = Unit load on hoof) 

flu eauaea th aoU 1Jlmed1 el.y b atil the hoof to 

defo lightl.J'. This deto tt n. _ _........ 'the 

train, calls forth "pa siT • or r si tive treas of Q 

p •• 1. The to1al soil re ctiv force R lb. 1 given by 

R•QxA 

Q incre sea the u-aiD incr s •• proTided Book 'a Law 

holds, until 1i equ111br1Wll 

B:: 1f (but oppo ite in direction) 

and defo 'tion c a e , with negligi bl ho-of pen tr tion. 

This then is a condition ot tabilitz. 

(11) Conditions fort ilure. SUppos i to increa e to 

a point at which the proportionality bet een stres and 

strain c ses. (Hooke's Law no 10ft8er bolds). '?h reai t-

ance of the oil to the d forming stress 1 cons1d red to be 

exhausted and failure occurs. 

At this point the ul.1i1 te b ar1ng c p city baa n 

exceeded. Thu.a it Q' p.s.1. ia the ultiute r1 

capacity of the aou. the condition tr failure 1 t ts 

p > Q' 

4 t c iU tor 

p < Q' 

• ftl • of Q ' (lllU. 

cu •4 111 • l"ffi•• of 11 en e ia --Jw-•­
a!leer strength of 'Ule il. •• ho•••er, la 

lapl1ti tl , f r •~ aot a earlier t • t 

over 



capae1-ty of an c"1al. tooting on a aoll 1a al 

al to the breadth of the toot-1.ng. 

proportion-

ThllS the ant• al f ~tors which affect hoof p netration 

re the 4etemSnania ot P and breadth. 

Since Pt J the animal factora are the weight on the 

hoot, the bearing area, an4 th breadth of the hoof (and tor 

even gr ater exactne , the sbap of the hoof would ultimate­

ly b requir 4,. 

Termination of Penetration 

Penetration of the hoot will continue until R ~ 1J . 

ftis condition could arise through an increase in bearing or 

contact ar a A, (since K • Q x A), b7 the dew claw coming 

into contact with the soil (breadth and load being regarded 

a consant). Alt ernativ ly Q' coul.d increase, through an 

increase in th sheer trength of th oil, due to phy 1cal 

change in t he soil with increasing clepth. 

1le other espl.anationa tor thi are poa 1ble, it wa 

een 1D the rniew ot literature that aurt ce 1l. are not 

hoaogeneo an4 it • only be as eel t t the hoof strike• 

a eep layer ot 1Dherent17 higher sheer atre th, •• e1 er 

to 1.D.cre e denai v, eoreaeed soil oieture c tent, or 

41ffere t soil atru.oture. !hu8 enetrat1on ceaaea at• 

ot 4 in •• 

6Na affected lq R! tration 

It 1• offiou that · area aftected b7 of p vation 

inclv.4ea the area he t • two cla a of t • oot • well 
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as the beariq area. Thi will be temed the encl.osed 

area. Ae aquare inchea. 1'hia enclosed area is the area 

involved in the calculation ot area aft cted b7 trampling. 

(b} Defor tion Probleaa 

ho e aea of equ111 briwa h :v-e already been sh own 1n 

Pigure (8):- (a) at the Sllrface without aheer failure and (b) 

at the terminatioa ot hoof peaetrati.on 1; a depth d. !he 

di tri button of sheer and coapres ion zon a tor each c ae 

will now b con idered. 

(1) SOU She•r Zonea. B7 definition no sheer t 1lure 

occur in the case of 41 (a). In the second instance 

sheer has obviously ocourrecl and the Yol of oil displaced 

1s given b7: 

A8 x d square inches. 

This d1 placed soil IIUSt occupy spac in th i ediate 

vicinity of th hoof where zone of aoil flow are located. 

Th se zoue can be predict 4 tor idealized saea, but 

b c use, as ention de rl.ier, surf c olle are not homo­

geneo , aucb precl1ct1on can hardly 3 tif1e4 for sur­

face a 11. 

( 11) U Coap Z •• ot • 11 co preaaioa 

c be . ndiotecl tor 1 eall.ae •• •• t, •• w1 h zone• 

of oil eer, ie t Or'J' eazU10t e appll to au.rface 

oUa •1th any .u.ia.,-lntee o~ eucti 4e. It 1• aeilale , 

eYu, to pre lo t etreu sOIMe rill utet, Ul4 that 

wd t load, P, cl b t of :f will • aoat l.1lcelt 



determinants of their 41 aalona. Co.mpreaaed zones are 

11Jc l.y to correspond to thee zones of atre a. 

file possible l.oc tion of zones of eom ction (-c-) 

have b en ske'tched in eneath the hoot 1n igur, (8) 

(a) and (b) using the 'tres di ttibution envelopes. of 

Pip.re ( 6) a a model. ether coapaction will occ1ar in 

mq g1Ten tr a zone wil.l depend 011 8011 factor. In the 

light o~ Day and Holmgren work, cited e rlier, it the 

su-ess 1n any zone exceeds the sheer strength ot th ao11 

aggreg tes, co paction would be anticipated to occur due to 

closure of the large pore spaces. 

(c) Effect ot concavity of Bearing Area 

Sisson (1914) a'tated that the under surf ce of the 

hoot of the ox 1 slightly concave. Pi ld obs rvationa in 

the ssey Agricultural College dairy herd lso suggested 

th t tb oros cUon ot th hoof is more ccuratel.7 re­

presented by Pigure (8) (c). Cl.ear~, it no hoot peae­

'tratioa occurs, extrem 17 high pre aurea will e exert don 

the aoil due to the -11 bearlJag area. P'llrth r, there 

will be gra41enta in the 1ntena1ty ot the ••rtical coapoa­

enta of the rea1at1ve oil forces (Qy) an4 hence 1a the 

app11e etreaau, 4ue to 

aa • hoot u lea I 

eqll&l. 4e"f o lio , o,.. atraill1 

aoil. ~ (1947) ehoft4 

tilat 8U'e • 41atri Uon •P• on 1 • rJ.g1d1'7 of I• 

toot , and o 'Ille 1;uN of • earth •••. 

while the tactora of n1chl aa4 ar1q an aq 
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be tima~d, an4 the unit lo d calc:ulate4, the c'tWll 

pre urea 'belle th th . hoof u.y be qlli t4t vari ble, especially 

in the ca e of · concav hoof. 

file bearing area to be ua d 1n calclllat1Dg anrage wlit 

load .is the vertical proJ ction of tho• part of the hoot, 

s shoWA in Pigure (8) (c) ctual.l.y 1n contact with the 

soil. Further the ar a (A square inohe ) in contact w1 th 

the so11 1n the ca e of a concave hoof will determined by 

the weight on th hoot, nd the ean v rtical soil reactioa 
'-

per uar inch (~) given by 

w 
A•~ 

The greater the hoof lo d ( }, the grater will be the 

l»earing area (A). COnTersely the greater th vertical 

soil re iative forces(~) the 1er the bearing are (A}. 

Bearing area (A) is thus only in part nan factor. It 

however, A reach a maxi Y8l ue at a certain dep~h ot 

j)9.netration the~ at this, and t greater depths, ia a 

fixed animal of characterist1c. Tbia .xim value t 

At re~ore, appear to be the area to be ••au.r•4 tor the 

calculai.1 n of Te 1Ulit 1 4 the of. 

In t • o •• of a co &Ye ere tdll be a horlzon­

ioh will act ou~• '81 coapo ent of tile eoil re oUo 

on• ch claw of 'the 

11"1ctlonal. forcea 

th• outer nll of tile 

t. •• 8PN 4 • t a apart. 

the reacttoa ot th aoU ftPNmn41D&· 

twill tent" oppoN thia. With 

the conoaYe boot, . owe••r• the aotual eacli area wolll. • 



--,.eta to WZ, UIHW. bfiuD ~ tbe• honsontal 

s.1>17 t uen - e . aoil peuuat1oa. aoil ~oro , p 

(cl) Bo 2!• In ~~-au tbe •obaDt.oe d o aotJ.OD 

1t we.& aa.SWIIOO. t t waa oaa»QMd ~ t v.u:awo e 

h-ootl. ta of tbe or h•n 1D FS.gure ( ). sa 

b ~lets SA'l!IB o ~amrct1 to be eql&&l 1D a:na t ta& 

a u1t, e h beartng_ 

Dt1m 11 · ,, breadth 1a the main h o1 Je 

taotor. portant 1D pr· ems of h of aot1.oa. The p oue 
dete~I.IIQUGD o1 r ttve oat sbape p s a• ,r, dUtS.Oul.t 

probl • Fe present ~~~~!~t~s, ho~ shape would appear t 

be su:tfio1e11U7 detamln d bJ the mea.sue nt of the bearing 

area~ eaoh hoo1'l. t 1>7 asurement of 'breadth d 1 ngth 

of the hoof. 

ID th •• Dt tho hoe>n.ets ftf th hoof be1Dg ~qua]. 

in area, the assumption oul.4 autG1Datioall1 be made,t t 

the hoot lead was t%1 _ ted to eaoh ho~l•t in pzoport1ou 

t its r »eotive ~IG• the unit loads the h ot-

lets lthiD eaoh ho~ oon ldend to be equal. 

C ) !!'!T!PZ• · 1aoi 1.DTol:n lD 

,., I, 

U, • 
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5. Sbape ot bearing area ot hoot. ( Important tor the 

rea on.a giYeD above and specially ill 4etel'll1Ding the depth 

of penetration at which area eaaurement of an animal, 

ra tiler tban an aai.mal soil nature ahould be taken). 

6. Boot sbap : The determination ot the relattve bearing 

area ot e ch hootlet ot the hoot ia a aeconclar7 aspect 

ot bearln& area aso.r ent. (Hoot shape may turther be 

defined by length ot the hoof, and breadth ot the hoof). 

Thee factor are defined, tor the purpo e of 

easure ent, in the tollo1fi.D& section. 

3. Definition of the Animal Features to b easured 

As preliminary observations indicated that the hoot 

bearing surface was concave, it s necessary to introduce 

the cone pt of hoof contour lines 1n order to define hoof 

factor. !hes ar virtually lines d ........... .-c ting the con­

tact ar as of the hoof t different depths of soil penetra­

tion. 

( ) Boot Contour Liae (or "Contour Line") 

A line analogo\18 to a contour line 1D mapp ; it 

marks the 1nteraectlon ot ~ horiso tal. plane w1 the 

urtace of the oot, • the hoof la at nat 01l 1 ta normal 

•zero a.ring 9'1.rracea• on a oriso tal Mr Arface. 

Individual contour llnee are• c1~1• y their 

Teriical iahl fro• the aa1 hor1 ontal ~ace. 
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the UH ot t ••rite-al JeoU of~ apeo111e4 

contour 1 •• or tile ter -ra1n or 9117 lfttUIP ~ 

of ~•ct bqon4 the pne f • o tov •• 

u to • the pro~eot 4 area. 

are are a p c1t1e4 apecJ.t-

le contour 11 • from which tbe7 be.Ye been ,..._red. fl1eN 

1a a bearing area for• ot'let or hoot cl.aw. De te 

• ea.r1 area• whe applied to a !loot or hooYea eana t • 

Uon ot the bearing are a of ch c1 • of the hoof. 

( C ) .;;;;;;;;;;;;;;;;.,,,;;......, ..... .....,;;;;.;;....;......:;,;_ • ) 

the area of the Yertieal proJection ot th oot eari 

surfaces, plu e are of th •ert1o roJeetiOA of the 

8 C b en t hoof ar1 rt ce, bo d in front 

b7 th atra1ght l Joln1nc the two foreaoet int• oft 

ar1 surf ce of eac hooflet (the front te nal liJle), 

rear 

lDal 

t 

( ) 

• atJ'aight line Joill1 • 
the beariac 

). 

' • 
• 

la 

l 

alU 

alti • la ... 
e ..... an1Pat1Ull fl 
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Figure (8). Diagram of hoof action at· three equilibriums. 



of front and rear t Z'ldna1 linea ot a hoot. 

line is t ed the centre line or axis of the hoot, and its 

14-point t e4 the •centre of the hoof". 

(e) Breadth of Hoof 

fhe length ot the lon at atrai ht line, at right 

anglea to the centre line, Joining two point 1D. the bearing 

area of the hoof • . fh1 line 1 te ed the •breadth line•. 

(f) siatic stane 

or the purpo a of aauring the static weight carried 

on. an animal' hoov a, the tollow:\ng definition. of a t tic 

condition or stance was adopted;-

In the •stat'ic 'tanc • the animal should stand motion­

le son all four feet with it lega approximately vertical, 

and head held in an 1d11ng position so that the 

relatively horizontal. 

ck line 1s 

:B. PROBL S TO BE VEMIGATED BY BOOP FACTOR ASURE­

JI 'I' IB RELAHO TO THE G KRAL EXPER EJITAL 

LAT OtJi' 

In ctlon A of thia chapter the 'h"aapli factors to 

be aaa-.red were re ce to: 

1. Beari an4 ce Unit 

2. t c1 l ot Loa4 

J. 0 ea 

4. i,e ot Beartaa Ana 

;. na 



6. Length 

7. Relative are of each boon.et of the boot. 

Por practical reasons aeaaurea•nta ere re tricted to 

an1 a of Jlaaaey Agri.clll.tural College Jersey and Priea1aa 

herds. 

1. Proble to be iDTe tipted and clasa1ticat1on of 

an1Jaala and hooTea 

'the hy potheses concerning the •aS11reaenta and "the 

purposes tor which th cl ta could be used dete ine4 the 

animals which were el cte4 tor measurement. 

In tor ulating b1'poth es little helpful ini'ormation 

was obtained from the literature. HoweYer, after the in­

vestigation a in progres, the limited data presented 1a 

tull 1n ble II was obtained by private communication from 

Swett (1955). 



' I U'\ 

"i' 

--

ble II 

Bearing surtace Area and Weight SUpportt4 

per square inoh in Dairy oatile 

No. otl Live I front I Rear I Bearing aurtace area Weicht •upporte4 
Cow Weight Quarters Quarters! of feet s uare inch per aquan inch 

Pront I Rear I total 10 •• 

220 I 1465 820 64.3 29.64 25.71 55.40 23.5 

407 1187 703 490 29.34 25.00 54.30 21.0 

50 1390 790 627 35.32 26.82 62.20 I 21.4 

Jt Mo. 
220 I I I 9.06 I •oldda I a.02 I 17 .10 I 12. 

It appear• that nature builds the foundation 1n proPorttoa 
to the load to be oarr1ed. 

Report prepared by Mr. A.R. Kelly, Bureau of P\lblio aoacta. 



Di data wa collected •aeYeral 7eara ago• and no 

into tton a to the techlliquea uaed or the •thod ot cal­

cul.ating weight supported per square illch wa availal)le. 

!'his da tended to confira bypoth aes which had already 

been tormul.ated. 

Pro t1el4 ob enations, it was poatul ted that 

Pri aian, the lar: er breed, would have larger hoot factor 

than Jerseys . It also po tulatect 'that ture animals 

would have larger hoot factors than imture an1ma1s. 

AD1 l were therefore classified according to breed and 

age for two re on. 

Firstly, to eY 1WLte stati tically these posiulatea 

and o obt 1n ~o tion use1"ul in tuture experimen'tal 

work or in animal and pasture manage ent. 

Secondly, it class 41fterenc a were found to ex1 t; 

by Ung cla difference fr the group T&riance, 

e ti te of ub-group po u.lat1on paruleters cOllld be de 

with greater pr ci ion than correepondln • t te tor 

the total po al&U.on. 

!bus, depending on the N&Di'tu4e of age and breed 

ditfere ce, e tillaua ot b-cla • paraaetere IMQ' at the 

• Urae aor e~ 4 aore precise. 

o tain an 1catton ot • Nlia l.1ty of -pling 

and to teat t e appropriate ~po eaea, an eetiaatio of 

t Tari tion of co•• witilln agea within reed• • re uired. 

via. a fun er ift&k4 of the group to 

in41T1clual aniaale. 
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Knowle e of the Y&rla'tioa of hoof ta·cwra within 

animals betwe n each of th tour posall»le hoOf posittoaa, 

"term 4 •corners"• lao req:u1rec1. It var1 tion within 

cows between coraers wa very l, then only one hoot 

n ed me re4 to obtain. tiat ctory eat te of the 

hoof fe tuns of th t -·--. It po tlllated that 

b11 teral etry exist 4 ,. between cosnars wi thini cows. In 

ord r tote~ this hyputhes1a, corner wer clas ifi d 

into •sides• (left or right). It was al o po tulated 

that a front-r ar difference woulcl be found and corn r 

• re therefore f'urther cl a 1f1ed into •End" (front or 

rear). 

Repeat measur ents w re required wi'thin hooves in 

order to eat te the repeatability of the a urement 

techniqu ployed. 

2. General Layout of Experiaental ork 

~e firat tep in the exp ria ntal wor was the devel-

o nt of techniques of hoot meaau.re ent. or thi p rt 

of the work, do 7 elected •tun oowe were uee4 

the repe bill ty of aeaaure ta of a of ed 

aa e or1 teri n of 

under teat. 

In th1 4 O 

ollfl 4 u1nl7 t 

- ~uatitte by 

val t t e aeaaure nt • lmi.que 

er .prelia1DU7 rk 1P•at1gat1o wen 

f ari area •aare en . ftia 

t all o t factor ••r• 

4ettae 1n tema of the arillC uea D01maariee. In thla 
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tho4 of producing replica ot the hoof,b7 ans 

of hoot eaat,an4 a ~eohnique for the aeasur ent of the 

hoof re of thi repli 

cribe4 1n Chapter III. 

4 • lope4. Thi 1 de-

It ace r¥ tote t the techniquea OVi r a wide 

range ot hoo• • The hoof plin.g 7s ployed was 

de co prehensive enoueh to obtain preliminary info tion 

on all the factor which• re po tulat 4 to cause Tari tion 

in hoof measure enta, ass 

l. Breed 

rized by:-

2. Age within breed 

3. Animals within age 

4. Corners within animals ~Sides 

(Ends 

5. Bepe t aaurement w1 thJ.n corner 

Becaua Jere ya r th dominani bre 4 1n ew Ze and 

work centred on this bred. 

consisted of thirQ' Jere ya (t n mature, ten J-y ar-o.ld 

t n 2-ye r-olct) and ten e. 

sure t of 

ootlet beartng re 

•sour• t 
thod ot o tat 

a conf 

G 

the of 

• 

4 tile aaur ent of 

0 

• the aeaaur ent of 

"UYuaa caata i'ora -the 

II of h1 th aJ.. 

ia t t t • chap era o~ 

It e1 t 



for aeaaure en.I of hoot factors. Thia wae 4one after 

det rmining the bearing area at ae•en different contour 

l vel on sub aample ot th Jersey hoot caata. Thi 

«••• a me av.re ot bearing area ehape and 1a reported 1n 

Chapter IV. aaure ent · ot the hoot be4J"ing areaa oft e 

an1Nls of Group I waa then possible. 

reported in Chapter V of 'thia theai. 

!he reaults are 

In order to obtain an eati te of the relative bearing 

area of each hooflet of the hoot, hooflet bearing areaa 

were recorded for the Jersey animals of Group I . Theae 

re8\llta are also pre ented 1n Chapter v. 
The at tic hoof load tor front and rear hoov of 

these animals wa determined concurrently with hoof ould­

ing. Individual hoof lo de• re not determin d because 

the nee sary equipment waa not avail ble. It was con id­

ere4 that differences between aide (UD.like end differences) 

could not be related to any obvious :teature of animal bape . 

The tecb.uiqu a used and the relllllta of 'the :J,oa4 

deten1natiou are presented 1n Chapter VI . calculated 

unit loa a oat e front and. rear oo•••• :tro the ••iaht 

and arl area ta, are ala pnnnted 1n the aeco 

ection of Chapter I. 

The co oluei Clnt.WD fro a: d I 4eter-

a1Ae the 4eatp of Part III of the t ••1• la wllic a fllll 

eune7 of oof feature• of Jerae7 an1•1• ~ro• • ll•a• 
er4 l eaor1'be4. 
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CHAPTER III 

THE DEVELOP ~ T O !EC I QUES OP HOOF EASOREM T 

Introduction 

A search ot the literatur prortded little infor tion 

on t chniqu s of hoof asure ent. Scott r (1937) 

entioned measurement ot the contact area ot the toot ot a 

by "ob erring the wear on a pair of old rutiber boot " · 

This wor ker also quoted work by Ballu (1937) (the original 

of which was not available), who calculated that:-

An ordinary fa horse exerts, under its own weight, 2 compressive stress of the order of 200 4000 /c • 
i:f the ground is hard enough for the whole weight 
to be taken by the shoes. 

Apparently the area of the shoe was taken as the bear­

i ng are ot th hoo:r 1n this calculation. 

As n ither ot these ethod of cont ct area easur ent 

wa~ pplic ble to this study, it a clear th t newt ch­

nique ould h ~• to be1develope4. In this, teclmi ue 

~ere required to be 

re uir d to ~~~D~u--.s 

ple a po ible d were lo 

hoot te tu.res in te • ot th ir defin-

itio • Pi ly, under test, techni were re uire~ to 

repe t it po 1ble bi ssed. 

Work e lt 1Dl.y with the deYelo ent ot techni 

of eari a th1a wu regarded aa the 

sic oof f ature. The a cce a1ve ate• in the develo • t 
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of satisfactory t cbniquea are given in S ctions A to E of 

this Ch11J.r ter. 

A. PRELI I NARY TECHNIQUES· 

Dir ct asure ent ot the hoof in the field w s found 

to be 1 possible, due to the difficulty ot controlling the 

ani • Efforts were de therefore to ke a tracing, 

print or other replica ot t he hoof, which could b t ken to 

the labora t ory tor measur m nt . The following ethods of 

roducing an e ssentially to dimensional replica of tlie' 

hoof ere tested firs t, because of their simplicity, using 

several r andomly selected 

ani mals: 

ture dairy cos a teat 

(i) Direct Tracing. In ~his method the hoof was 

placed upon 

pencil. 

sheet of paper and the outline traced 1th 

(11 ) Photographic • thod. A photogr ph was taken of 

t he und rside of t he h f n4 th ima e so obt ined 

tr t 4 hoot pri t. 

(111) 1nt1ng tee 

oot pri ti irect OD to 

a eh e of per overl7 1 

hoot on a ru r di ph d 

atretc ed ewer a sheet of aper. 

• da of one rub er were 

i , 3/16 or inch. 

!h e incl ded inking the 

p r, at di the hoot OD 

d p d, atanc11 t • 

on. the under ide 

In each c •• differ• t 

e4 of three 1hic .... , 
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(1T) Tinfoil 1 ion method. In this ethod the 

hoof was plac don a heet of foil over a sponge nibber pad. 

The foil ret ined aa i preseion of the hoof in the to ot 

bruised areas. 

In all, over 150 prints of sufficient quality for 

laboratory study were mad by these thods. However, in 

no case could the contact areas of the hoof be related to 

any contour line t an 1 ginary depth of . oil penetration. 

This was because the inner argins nd heel of each hooflet 

were poorly d rked. Thus ihese technique did not fulfil 

the first criterion that feature must be measured in te s 

of the definitions of those features. 

were therefore di carded. 

These techniques 

It was furth r concluded that a hoof oulding and 

casting technique was required to produce three di e~sional 

replica of the lower hoof, on which hoot feature could be 

delin.e ted by ctual contour lines. The develop ent of 

such a c ting- oulding t chniqu 1 d cribed in th next 

eotion. 

B. BOOP OtJLDI G DCS G!C I 

y 1 ethod r pli ot the lower hoof surt C 8 

• pro uced in the to ot pl ter of Paris "c t • 

tep were 1 volve in thi ~ooe ~bich 1 te d •hoot 

caati • Pir tl7, a a .ould .... de of the hoot (h of • 
aoulding). eco dl7, the aollld • e4 to e the 

0 
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pl ter of P ri r plic or "hoot c t• (ho~t c sting). 

1. Hoot uldins Technique 

(a) rials and Tre ent of terial.a 

The oulding t rial usecl consi ted of a wax mi xwre 

a 1-pla tic at nor field te peraturea, but with 

sufficient rigidity to ret nth 1 pre eion of a hoof in­

definitely. fhe mixture owed no definite point at which 

s ol1d1fic tion occurr d, but av ry marked increase in vis­

cosity occurr d bet en ;1°c and 47°c. The co position ot 

the mixtur was : 

Paraffin Wax 

Petrolatum 

Liquid P raffin 

1crocrystall1n ax 

33~ 

31" 

221, 

14% 

Por ou.ld contfliner l inch x 7i or 8 inch circul r 

pres ed tinned ate l dish wer used. 

fh ax" s heated and pour d into t he contain rs to 

form l 7 r ppro.xi t ly halt inch deep ( 1'1$1r ( 9) ) • 

ilter u e th wu wa re ov 4 fro the co 1 era d te 

w1 th ter. ter --- in e to ot 1 t, 

dirt d r of r1, to t he otto d the cle 

coul th n b re-u •. 

( ) od 

IA hoof mou.l , ooYea were firat cle e wit water 

tro 1 preaaure o • ltered 



.Figure ( 9) . 

Figure ( 10) • Hoof in process of moulding . 



on a short led on a leYel concrete yard, the hoof to be 

printed was e 1ne4 for cleanliness and abnor itie. 

After i nspection, while still wet, the hoot wa plac don 

top ot the tr hly prep red wax layer in a ould container. 

'the ani 's weight as oved squarely on to the hoof, so 

that the hoof p netrated the wax to the bottom of the ou1d 

co t iner. Thia requir d seYeral seconds due to the 

rigidity of the ax. The ow.d s then very closely in-

spected to ensure •all round" contact of the wax to the 

hoof (Figure (10)1 u'herever necessary, mainly at the heel, 

the wax was forced into fi contact with the hoof. 

After careful removal from the hoof, the mould s 

checked for defect, and 1! found satisfactory, labelled 

with the experi ental n ber of the nimal, and with letters 

to identify the particular boot hich had been printed. 

The mould (Pigu.re (12) ) v.aa then re dy f r c sting. 

2. Hoof Ca ting Technique 

( ) a and Te 

!he C eU teri uae co 1ate4 of c ti pl tr 

of Paris obt ined fro• Qildera' eupp11era. A 

(or ex e1on) te t a carried out o ~1 d 1a 

r ported in ppe dix A. !hr • wax ao • 
(D io 12 X 1 X 1 ch) nd 1n t bo"o• ot each. 

1111 r•••i ... de oft • • of a eet of 1a .. u 27/32 

inch lon. Three plaster ra enc at fro• the aOlll.de, 



each trom plaster slurries of different consia"tency. 

e sure en ta were t ken of the 1 ngth of the c sts of th 

glass sheet, at various intervals of tie. !he Xi Wll 

difference observed be een any of th se -ooure enta nd 
l 

the l ngth of the glass sheet wa less than /32 inch and 

could b attributed to measure en'I error. 

It was concluded t hat neither shrinkage nor expansion, 

due to either the nature of the casting terial or its 

consistency, was lik ly to introduce any ignific nt bias 

i nto the casting technique. 

Keyway blocks were de of wood to the pattern of the 

master keyway block (Figure (20) ). These blocks were used 

in casting to ke a keyway in the upper side of the cast, 

as shown in Figure {11). This keyway wa us d later to 

mount the hoof during measure ent { asure ent techni ue II 

page 76). 

(b) M thod 

Hoot cast were de by pouriag thick al urry of 

pl tr of Paris d cold water into the hoof oul.d • ef-'r 

aetti co need a eyway block w pre ed into the top 

of th l t; r, t right glee to the centre 11n , hom 

in Pi re (11) tile c t la elled. 

barde ing moulds and cat were 1 ra• in 

cold t r. fhia rd ce4 heatine cl dey1 o the pl ter, 

a •a• ential for clean aeparatio ot c t fr wax. 

Aft r a al 1 0 e our 'the c ata were re 



figure (1 1) . Key Way block in uee in hoof ca.sting. 

Figure (12). Hoof mould ready for casting. 
I 
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oul.da and were then re dy for aaure ent. 

Testa of the r peatability of this technique could not 

be undertaken until e aurement techniques wer develop d. 

Thi 1s reported 1n the next section. c, and tests of the 

combined easure nt and c ting technique a to the subJ ect 

of the pilot trial, D. (Keyway blocks were not used in 

this trial, as a a tisfactory hoof cast ounting device bad 

not been de at that tie.) 

C. TE I QUES OP EASURSMENT OF HOOP CAST 

Two steps ~ere involved in the measurement of a boot 

cast. P1rst, a contour line s marked on the cast (con­

tour lining) and second, feat'1?"es delineated by this line 

were measured (measuring). 

At fir ta" aterline" technique of contour lining was 

used. This was u ed in the pilot trial and is described 

below. ter (Section E} a "scratchline" techn1 ue a 

deTeloped and us din all subsequent work. 

llli.larly, r a easure ent pro re 4 through two 

t ea. first of these ia de cribed below, nd wa 

u. ed 1 ill pilot trial. fhe aec easur ent t echn.1 e 

(II) 1 de Ori 1 ct1o E. 

"port. 

,ea11NJ:'ellle t ot linear featu.rea waa atrai t to ard, 

few prelilli r, te te carri d out do not warrant 



1gure (13) • 
Level ling Assembly: 

Elen,ation. 
(1) Braaket 
(2) Up.per Pointer 
(3) Lower Pointer 

~iGure (14) . 
levelling Assembly Plan: 

Showing position of cast 
(c ) on plate glass dur­
ing oontourlining. 
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1. aterline Contouring Technique 

(a) teriala 

The apparatu used co prised the levelling asae bly 

shown in Figure {13), and plastic trough 22 x 13 x l 

in.ch. 1'h levelling embly consisted of a beet of plate 

glas 15 x 11 x ¼ inch carried on three identical brackets •. 

Each bracket carried o threaded pointers. !'he upper 

pointer were adjust ble to any predeter ined height abov 

the plate glass. 

the aase bly. 

(b) Method 

The lower pointers were used to level 

In operation, after adjustment of the upper pointers 

to the required height, the levelling assembly was placed 

in the plastic trough containing thyl ne blue dye solution. 

The lower point rs w re then adJuated until each of the 

upper pointers appeared to touch its om reflection in the 

dye solut.ion. 

!he hoot ca ta to be contour lined wer then pl c din 

turn on th pl te gl a ~or pproxi t ly thr e ••conds 

(Pip.re (14) ). A waterline contour, t e height of which 

waa et rain 4 b7 tll,e aetUng of e o.pper oi tera, waa 

redo th c eta b7 thi roce 

(a) 

2. 

tel"iala 

fixe a •ill r1t• lar Pl 

(15)). 

et.er, Inst ant Bo. 
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8610, was used to easure area. 

acetate she t 15 x 15 x 0 . 025 inch 

ment . 

(b) ethod 

dra ng board and n 

co pleted the quip-

The inverted hoof cast was placed alongside the drawing 

bo rd,and the upper aurtace of each brought level b7 ans 

ot cardboard supporting strips. The acetate beet wa 

placed over the board and the c st. The planimeter wa 

placed in position on the acetate sheet. !he bearing area 

of the hoof was measured by tracing the dyed outlines of 

the cast, visible thro h the acet te sheet,with the plani-

meter in the normal manner. 

mea ured. 

Enclosed areas were similarly 

Duri ng measurementtthe acetate sheet was essen"tial to 

keep the plani eter tracer bar level,a.nd to support .th 

planimeter eaStlrir.g wheel when this oved off the d wing 

board. 

These technique w re te ted in the pilot trial_ de 

cr1bed i th next Section, nd od1ticai1one were au.b­

equently a ( ctioA ). 

• I O! IL 

11 was co · iclerecl that t hoof moulding - c attn -

co t01lr-11n1 1eo 1 ue • the • aaure eDt tee 1 u , 

al-tho co plez, tulf111e4 t e fir 1 oriterio of a 

t1at otory boot -eaaure ent method, ill tat tea rea 
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colll.d be eaaured in accordance with their det1n1tioaa. 

!his Pilot Trial was intended to appraise the practica1 

usefulnes ot theae techniques and their accuracy inter e 

of the repeatability of ea QN ent. lo practical ethod 

of detecting bi in easure ent could be eonceiYed. 

(a) 

ing 

fro 

(b) 

the 

]. . bJecto 

To test the hoof 

techni u ,and the 

a pr cue l as 

To obtain n 

o above group 

ov.l.ding - casting - waterline-contour-

thod of easure ent (Technique I) 

ct. 

te of the repe tability of e ch of 

of techniques. 

2. Source of De.ta and Techniques 

Ten saccessive hoof casts of one hoof of a ma'ture 

Jersey cow were made by the hoof oulding and casting tech­

nique described in Section B. These ca ts were contour 

lined at a height of 5/20 inch by the waterlin tecbn1 ue 

( Section C). Baring ares and al.so encloe dare a were 

easured in triplic te by 

J. Result 

e 

re re recorded in App 

aaure nt Techniqu I (S otion C). 

ix B. 

enclo e4 

In order to calcul te 

the coapone t oft e var1 ce ue 10 • ould - C ati g -

• ent tech­

t on each et 

contour-lin1 -iechniq e, la 

ni "•• lye~ ot variance wae carried 

of are rea lta. ly ea toge er With eana, and 

the rea ect1 • co po enta ot the e 

r ce, re reae te4 i.n !'able III. 



* 

Table III 

Pilot Trials Analyses ot Variance ot bearlns area 4ata 
and of enclosed area datas estimates of the e'tandarcl 
deviations o2 the moulding - casting - contour-l1!1DC 
technique, s

0
• and of the meaau.re¥nt teobllique Bl• 

Source 
ot 

Variation 
d.t. 

Expectation 
of 

ean Square 

Between O&et• 9 I s! + l si 

:eaauremente I I 2 within oaata 20 s; 

Bearlns Area (Sq. 1a.) 

ean = 11.46 ! 0.21 

So • :t0.20 

s. • •o.ogo 

1 

0.1293 15.90-•1 0.4?48 

0 . 0081.35 o.0695 

(,11* p 0.01) 

Eaoloeed Area (•q.ia.) 

1J.4l .t 0.57 

.t0.J7 

:t0.264 

, 
6,.8)•• 
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!he highly signific nt F ratio, obtained in each 

analysis ot var1 nee, i ndic te t hat the a thod of plani­

meter eaaure ent e ployed s sensitive enough to detect 

differences between casts of the one hoot, whm t hree 

ea re ent were de on each ot th ten c t. 

Bsti te of the repe tab111ty of the casting oul.d-

1ng and contour-lining t ohniques (ter e4 •casting") or 

the easurement technique are given by the square root of 

the respective co ponent of variance. For i nstanc, the 

estimate of the standard deviation of me surement of bear­

ing area, Sm• I 0.09 may be i nterpreted to ean t hat two 

third of all repeat easurements of standar d hoot cast 

would be xpected to dirter fro their mean by les than 

! 0.09 aqu.are inch (ass ing normality of distribution). 

The stimate of the standard devi tion of c sting, 

Sc:! 0.20, for e ring rea, si 11 rly indicated that, 

given a tandard hoot to aould, cast and contour-line 

repe tedly, ( provided the casts could be me sured without 

error) two third ot all a a ur enta of be ring area ot 

the standard hoot uld be expected t o titter troa their 

• by lee tho! 0.20 aq\l&N ch • . 

!he coapo nta ot variance tor the 

i. terpr t d 1a a aia11.ar way. 

close are eta 

!he ell b'tl7 larger 

eat te ot S0 n.a •"r1 ute4 't var1at1 1D poa1t1o ot 

the clawa o~ tile h of'. s ...... ~rl7, • l ~ er Sa ••• 
attri ute to • ctift1cul tJ 1A iraci the r r te4--....-l 
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line with the plani ter. 

In practice, th field wor s 1 pler nd • ore 

rapid than any of the hoof printing techniques tried pre-

viouely. However, th 

techniques were not so 

laboratory contouring 

ti factory. 

nd easv.r1ng 

In t rl1ne contouring, meni cue effect wer 

ob erT 4 to incre se the height or the contour line where 

the hoof et the solution tan acute angl. 

In measur nt of the cast there wa a possibility 

th t parallax errors produced a bi.a in ar a e ti ates. 

Levelling of the hoof cast tor measurem nt wa slow and 

inaccurate. 

4. Conclusions 

It was concluded tbat:-

(a) Prom a practical aspect the hoof - moulding - casting 

technique te sible. Its repeatability wa sufficient 

to justify its use in turth r tri l in hich the repe t­

ability could be r check dover a wide range of hoove: 

!hw, hoot c ting of the __ .._la of Group I • • undertaken. 

(b) file wat r-line co touri techni e, because ot the 

o s rT d en1acus eft ct, required turt er i ~eat t1on. 

e p ci 117 1n r l tio tote ab olute he~ tot the con­

tour lin • !hi 1 r port 4 in S.ct1 o , a1 hoot 

cat tro 

(c) The•• 

ext 

r 

re 

I an •• 
nt teclmi e (holm1 ue I) re uirecl 
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parallax errors, and to facilitate cast levelling. Such 

odif'icatione are reported 1n cti on E. 

B. ODIFICATI OF C TOUR LIB G 

>J D EASUR El'i ! TECHIIQUES 

1. e surement ot terline Contour Height 

( ) Object 

Todt r ine the absolute vertical height of the 

tex-line contour, at th side and a't the he l of each 

hooflet, on a range of hoot casts. 

(b) Source of Data 

Thirty hoof casts were selected, on from each of 

the six casts per Jersey cow ot the anim ls of Group I. 

Ten casts wer thus obtained from e ob of the Jersey a ge 

cl sses, ture, thre ye rand -two y r olda. Sampling 

ensured that within cow, each corner had aD equal oppor-

'tunity of being r~presented, and further, that pling 

t rando within r pet c s t of th one corner. 

(c) ~echniguea 

Wat rl.1ae contour wen Mrkecl on the !loov a by the 

the upp r pointer• teclmi • 4e ri ed 111 ction e, wit 

et t 3;20 i ch, ao aa to ve a c tour li.lle at a 

.tel7 5 /20 ln • !he · ei TeM1cal height ot app ~ t 

ot thia r line waa eu d a 

814• 4 el of eac oof'l t 

a eet ot plate glaaa ancl owcinc 

ta at 

the oof on a 

otte tu-
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line with gla aeaauring blocks of known 'thickneas. The 

blocks were l inch 

val betw en block 

quare and the 
l 
/20 inch. 

l st vertical inter­

easur nts were 

estimat 4 to halt this interval. 

(d) Rasul.ts 

!he eaS\lre ents o tai.ned are present din App ndix 

c. Inspection of these dat rev ls a rOUDding eff et 

due to the estimation of heights to half the unit of 

easu.rement. Thus the apparent constancy of height of 

the ter-line in so e groups is Jlli leading. The mean, 

standard rror and range for side and heel positions of 

each age class are presented in Table IV. 

!'able IV 

Me n V nical Contour Li ne Height, t ide and 

heel positions on a subs pl of hoot casts, 

fro Uiree Jersey age class of the animal 

ot Group I. 

Clas 

5 - 5.5 

5 - 5.5 

/2 in. 

4.875 
0 .062 
4.850 

. .t0.089 
4.675 

.to.09 

4 - 5 

4 - 5.5 

4 - 5 
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the easure ents show that the contour line w snot 

b olutely constant in height. 

heel position, co pared to the side position, ai o tend 

to confir the hypothesis that eniscus effects caased the 

water-line to rise,where the cast met the solution at n 

acute angle . In such circ stances a slight i ncrease in 

contour height u t, ot geo etrical necessity, produce a 

disproportionately large increase in bearing area . The 

errors in the •aterli ne contour heights were , however, 

uite 11 and did not exceed z 1;20 inch • 

.Dllring measurement of vertical contour height, it 

was found possible to etch a scratohl.ine on the hoof with 

a corner of the easuring block. It as apparent that 

this could be used as a :nethod of contouring the hoof cast. 

SUoh scratch lines etched round b~af casts formed contour 

lines which, becau e of their accuracy of height, fUlfilled 

the definition of contour lin exactly. Thi ethod w s 

therefore ·dopted as the stand rd technique, the full des­

cription ot which 1 given blow. 

(Pur'ther prel1Jlinary te t ahowe4 th t the lo at co -
tour th t coul.d be rked on a c st by thew ter-l~ne 

thod t 3 /20 inch, th the de th ot the rking 
olution /20 inch. acr tchlin techni ue coul., 

h eT r, u ed to etch l/20 illch contour c t). 

Contouring !eclm1gue 

( ) teriale 

• tariala c pri ed a aheet t te aa 9 x 7 

x ¼ inch ad aeYe la. rki locka l inc a •• 
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ranging in thickness tro 1/20 to 7;20 inch in 1;20 inch 

step. !he xilllWll error in thickness of all blocks used 

wa less than 0.0025 inch. 

A trough of methylene blue dye solution was also used. 

(b) ethod 

Boot casts to be contoured were fir t d1ppe4 to 

approximately the half inch contour 1n ethylene blue dye 

solution. 

E ch cast was drained and broken 1.n two along the 

centre line. Each hooflet was placed in turn on its zero 

bearing surfaces on the plate glass. ile held firmly in 

this position, a acratchline was etched around the hootlet 

with an upper corner of the appropriate marking block. The 

scratchline appeared as a white line on the blu stained 

cast (Figures (15)and (16) ). 

3 • .......... ;.;;;;;.;;;.---..... ;.;;;;;.;;.;=-----------=--- (Technique II) 

Two taul ts were noted in • asure nt !echniqu I 

( ge 72), the po ibility of parallax error, and the 

tedious •thod of hoof levelling. !heae taul.te were vir­

tually el1• inated 117 ualq • od1fie4 apparatua. A Maurine 

board waa de on whic to OWlt and leTel the oot during 

easureaent, 4 a new pl ille~er pted tor •• 1a con-

l1mcUon wit e arc!. 

(a) tertala 

(1) P1ani• eter. •ill. r1, Polar Plaiwaeter, witb 

a J ta le tra er r, lnetraae.n'I o. 2-2967, -• o talne4. 



Figure ( 15). 

Figure ( 16 ) • 

End view (from heel) of contour- lined casts. 
Upper waterlined; lower scratchlined. 

Bearing surfaces of scratehline contoured casts. 
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Its accuracy waa checked using the checking rule upplied. 
~~ 

which enabled standard circle to be described witilout 

uactng error ( Pigure ( 17 ) ) • Aft.er several a4Juat en, 

had been effected, it was conclu4 4 ~ro these tests that 

no det etabla bia ( < o. 01 .:.qu.re inch. } . YD uld be intro­

duced by using the instrwnent in th "right hand position• 

( Pigure ( 18) ) only. ( 0th rwise, v raging of right and 
~ 

left hand position easure ents wo'lll.d haYe been necessary). 

It was also found that errors due to inherent inaccuracie 

of the planimeter were not larger than the llest quantity 

that could be read on the neasuring wheel (0.01 square 

inch . ) • ( The results of th e te t are lodged with the 

Dairy Husbandry Department, saey Agricultural College). 

(11) Planimeter Attachment. Then-acer r exten ion 

was constNcted fro the drawing reproduced f"llll size in 

ligur (19). The shaft (3) s drawt1le4 to 'the 41 ene1t>ns 

of the tracer bar, and drilled from e oh encl for lightne • 

fh tour locldng er ws (2), when ti ht ned evenly, cl ped 

the . ft r1g1dl7 to the c r r of the plao1meter. 

!he adJuatable kid {4) served to 1 Tel th tracer 

bar and ezteneion 4 a held 1 poeitlo b7 locknat. 

A finger «rtp wa later fitte to ita upp r d. 

The purpose o~ the uteJU1ion waa to mo t t e a43 t­

able k:1 at the• 4 ot, e abaft, inete of a, t • polnt­

er, aa pli• by • 11&JCUllactunra. 

• racer bar aa 



Figure (17). 

Figure (18). 

Planimeter Qn checking rule, in left-hand position. 

Planimeter in use on the measuripg board, 
in right-hand position. 
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shown (Pigu.re (19) ). It• purpose waa to llow friction 

d pe4 vertical travel ot the pointer without undue 

pointer wobble. !o further reduce pointer wobble, a new 

pointer was chin d to di eter pproximately 0 . 0002 

inch lesa tilBa its mounting bearing. !he lower bearing 

s tor d b7 the original ~r1DB in tile end ot the tracer 

bar, and the up r b ari wa located in th top ot tbe 

mounting block. When the pointer mounting a locked in 

position on t he tracer r, by tight ning grub crew (8), 

prec ution were taken to nsure that the pointer ax1 

occupied the position int nd d by th manuf cturers. Tests 

on the ch eking nu after 11 t"tac ents had been titted, 

revealed no a1terat1on in accuracy. Oace titted,al.l 

attachments were left in position until 11 measure ents 

had been completed. 

the Planimet r. 

Bo k' e anent alteration was made to 

(111) eaeuring Board. The•• aurli,a board• a de 

a shown in Pisure (20). The board (1) de ot core-

board to ll1n1 ze warping. !he cl ~1 crew ( 2) was ot 

bra a, toe re that the point did not cut into the •114 

,eel ehat'I ()). The 1 (4) t the ball A socket 

.joint ae,ma a eel. e ... 1 r •1 look ( 6) 

a -de to th -• pattern aa the ke711&7 locb ueed in 

caatina , INt aligh• .. 17 OY'eraise, 'to e re t at hooves were 

a :tirlll trict1oa :ti t on to thi · bloclc. A ehe t ot plate 

cl 9 x T x ¼ inch and two ••l atripa 7 x x 1 ch 
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POINTER 

MOUNTING 

SCALE - i'=( 

arM01~1?{~~ .. -
- - - - -

r.'igura ( 19). Tracerbar Extension. 

SCALE I FULL SIZE 

DATE 26-5-55 

9 FRl°CTION ADJLJ5TMENT 
8 GRUBSCREW . M . S . 
7 BRACKETS BRASS 

6 POINTER SILVERS TEEL 

5 -
POINTER MOUNTING BRASS 

4 AOJUS TABLE SKID M . S. - - - ,,. - , . 
3 SHAFT - -
2 LOCKING SCREWS BRASS 
I TRACER BAR M.S. 

!ITEM DESCRIPTION t--JATERIAL 

TRACERBAR EXTENSION 
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were used 1n coaJWlctioa with the meaaurtng oar4, to leYel 

hooTee tor mea re nt. 

(b) .. lllo . 

Boo..-es to be ••au.red were aouted ia turn on the key­

way block ot the aeaaur1ng board. Be heat of plate 

1 sa waa pported oYer the cast bf the •~eel strips, to 

tona 111 surt' ce p rallel to, and ¼ iaeh a l>ove, the mea uring 

board . The ball socket cl ping nut (5 } and the clamping 

crew (2) (Pigure (20) ) were looaeaed. T e ball ocket 

shaft assembly, carryiag 'the cat, was then raised until 

the zero bearing urt ces of t he oof d firm contact 

ri th the pl.ate gla s • f he nut ( 5 ) and the screw ( 2) were 

then tig11tened to lock i he whole as e bl7. 

Thu the hoot was levelled accurately at convenient 

b 1ght tor mea ur ment. 

Th gla a an4 at el atr1pa were then re ov d and the 

hoof b rio« areas asur dill th no a l •&:T, with the 

plenimeter disposed a shown in Pigure (18). 

Dur1 r nt, the poinwr a rai ed and lowered 

sot tits point a v1r1ual.l.7 kept 1n contact with the 

contour line iag traced, or the outer •ta• of the oof 

caat, e c 1n turn 4eaarcate4 the 11111 t's ot the bl ariDg 

area. llax wae t Yirtu.l.ly el1atna1;ecl. 

LeYell colllcl th • perf onae 

rapi 11 b7 ••• •• od t ~ 'fecbm.que I. · Prel ...... ~ry 

ee't• NYe le4 t aea · N • ta of • ratchllae contoure4 



2. 

Figure (20). Measuring boa d and cast levelling assembly: 
(l) Board (under-side); (2) Clamping Screw; (3) Shaft; 
(4) Ball; (5) Clamping Nut; (6) Master Key Way Block. 



- 80-

hoof cas't by Teehrd.que II w re highly repeat ble . A 

co prehensive te t of the repeatability of th1 techllique 

1 4eacr1be4 in Part II Chapter V ot th1 th sis. 



PART II 

THB MEASUREMEB'l' OF THE ANIUAI.S OF GROUP I. 

IV. BEARING AREA AT DIFFERmr? 
CONTOOR HEIOH'fS . 

v. BF..ARINO AREA : GROUP I 

VI . HOOF LOADS AND UNIT LOADS: 
OROUP I . 
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PART II 

PR LI MI ARY I NVESTIGATIO OF HOOF .PACTORS 

Introduction 

Kea ure en1JJ e"l-d the ~nal1••• of aeaaurementa trom 

hoot casts of the ani le of Group I tor tile subject of 

the next three chapters (IV, V and VI) . !he source of 

the sampl of animals term-ed Group I and technique used 

in casting are given below. In addition, hoof load deter­

minations, taken during the period in which the animals 

were hoot aoulded are r ported in Chapter VI , togeth r 

with the techniques e ployed. 

The proble involved in thi study, as discussed in 

Chapter II Section B ( page 53), determined in part the 

class of animals chosen. Samplill8 was t\lrther confined 

to milkin cows of the sey Col1ege herds. 

(a) ource ot Suaple 

!he Group I -ple coapriae th1r"7 Jerae7 and ten 

riesian cowa, tr the reapect~•• pur bred regi tered 

herd at ••7 .t.aricul.tural College. e JeraeJ -ple 

waa •lected at raado, w11ll the reatrioUo that ten 

---• •r• choaen fro• each ot t follow a&• claa•••; 

-ture (oYer 4-Jear-ol ), J-year-olda, end 2-Jear-ol , 

an that 0D17 ani•l• upect•d fio oalTe 4ur1J1c following 
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aprin& were eligible. 

!he ten mature .Jereeya chosen 111 thi way ranged in 

g from 4 to 9 year, six eing 4 ye ra old. With the 

exception of one 6-ye r-o1d cow, born 1n June, all Jeraeye 

• re bor 4ur1ng Jul.7, A11gW1t, September or October. The 

Jersey aamp1e we.a hoof oulded d weighed between 26th 

rcb and 16th Apr111955. 

Tb t n riesi wer, aelecte at rando fro• -ill• 

mature lriesiana ot the Colleg herd. fhe &Dimal chosen 

ranged in age tro 4 to 8 years, tour ing 4-ye rs-old. 

nth ot bir~h varied trom to October. The Pries1an 

sample s hoof moulded and weighed between 1st y and 

13th :y 1955. 

All ani.mals were l ctating during the experi ntal 

period. The Priesian and Jersey h rds were nm as a par­

at unit, on a siJnllar. pattern of predoaiDaDtly rotation­

ally graz d, grassland t rming. Pasture supplied the 

bulk of the feed an4 gra a-clover hay and ail g were fed 

aa 1111pple en 1!'7 fodder ia early apri , er and winter, 

when eoe aar,. In a4cl1t1on, c owaoellier ( rrow 

Ste l'ale) wa fed durt he a r ntha, and tile 

Jeraey' herd araze4 irri& te4 paatllre. · 

W1tbill ee4a, an1wala ••~• -boot ao 4e4 and n1C)le4 

1a ran oa order. ·•1th the •r•e7 and 1• 1 beinc 

trea,ed ae aeparate croupe. Ia lhi• , the eleaent t 

t,he ftriaace clU4t to till• waa reel ce4 w a a1n1JNa w1 thia 
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breed groups, but increased between breeda. !h1l8 coapar­

iaon within breed groups ll&1' virtually be re rded aa 

being de at a point in tillle,with a co on environmental 

co ponent ot the variance. Beheea breed co pariaou, 

however, could be aft cted by a time taetor of pproximate­

ly tour week, during which seasonal and anag ental 

chang a oceurred. Between breed co pari one be further 

affected by the different conditions under which the res­

pective herds wer managed. 

( b) Technique ot Hoot C&atiy 

Hoof ca ts were made by the standard oulding and 

casting technique already described (page 62). Six .oulda 

ancl casts were de from every cow in Group I . One ould 

and cast was made fro each hoof of each cow, and a further 

two repeat molllds and casts were taken from diagonally 

opposite front and rear hooy s. The particular di goD&l 

on which repe t c ate were tak n was cllosen at random with 

the re tric tion that within each ag ( or breed) sub group 

of ten a.&A.-.als, halt the animal 4 repe t c st taken on 

front left rear r1gbt booTea, and 11' on front right 

4 rear left oona. ~ u tor the purp •• of eatillating 

t repeatabilitJ' ot caat1ng, each a gro p waa 41T14e 

into o cl••••• depen41 upon wh~o dia oaal.17 oppoeite 

hoOYea • re 111 e4 an cat plicate. 
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CBAHER IV 

BEARI G ABEA Af DIPPER T CO TOUR HEIGHTS 

!HE CHOICE OP A STANDARD COJ TOUR HEIGHT FOB 

BOOP MEAstJRIM ! 

In the tatemeat ot the pro lea, itention was cirawa 

'to the importance o~ bearing rea shape in relation to 

the contour height t which hearing area {and henc 

other hoot features) should~ e aur d. In thia cbapt r 

an inYestigation ot the change in bearing area with con­

tour height on a sample of hoot c sis is reported. 

These factors are discussed 1n relation to th pro~lea of 

hoof action and are us d as the main basi in th choice 

of a standard coatour height for hoof asurementa 

A. THE RELATIOBSHIP BET. EEi HOOF BEARI G AREA 

A.HD CONTOUR HEIGHT II JERSEY COS 

( ) Object 

o btfdn a graphie&l repr en · 'tion of th o-~ 

1Jl an ari.ng area a Tartic ccmto he1 t . 1 re ae 

:tro• 1/20 inch to 7 /20 inch wi hill a ple ot .fer ey 

otcaata. 

(} uro10~ 'ta 

!he -..ple of ot cael • pl y•d 1 

of wat-erline contour he1gh't { 73) 

• aaaple consisted t thir1J' Jersey ot a • 
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conta1ni.Dg equal subclaa aaaple troa mahre, 2-year­

old, n4 )-year-old age cla ae. 

(c) Techn1qu9 

Root c sts were acrn. tchl.ine con·~oured and aaured 

in duplJ.c te by a.sure nt Teolmique II at seYen contour 

le el, from l/20 inch to 7/20 inch at 1/20 iach intenala. 

(d) Result 

1!he measure ents obtained of bearing area are r corded 

in Appendix D. 

!h mean bearing are, standard error, nd co tticient 

of YariaUon tore ch ag cl ss, at ach contour leYel, are 

given in Table V. Th se results are own graphically in 

Figure ( 21 ) • !he points were plotted fro. the data .in 

Tabl V and the curve tore oh age cl s drawn by hand. 

The per cent increase in bearing area for each ge clas 

tor each contour interYal is l o sho 1n Table Y. 



~ 
• 

Table V 

Mean Bearin& Area (eq. in.) tor Three Aa• Olaaeea 

ot Jeraeys 

Contour Bei«ht ( 1 /20 in. )I l I 2 I j I 4 I ' I 6 -
-- - ----- 2 

Ilea.a in. ,.01 8.11 10.61 11.82 12.,2 13.07 
tun ( S. E. 1.31 1.,6 1.32 1.34 1.34 l.Jl 

_o.v. " 21.2 19.22 12.42 11.)0 10.12 10., . 
'1, 1ncreaoe 61.9 J0.8 ll.4 5.9 4.4 

t•an in,
2 6.59 9.21 10.60 11.35 11.92 12.n l year S.E. l.J2 o.86 0.74 0.75 0.11 o. 

c.v. 'I, 20.08 9.jO 6.94 6.57 6.47 6.70 I" boreaaa 39. 15.l 7.1 ,.o 4.0 

r•an in.
2 6.62 8.76 9.88 10.62 11.1, 11.56 

2 year s.E. 1.25 1.19 0.99 o.84 o.85 o.aa o.v.,,. 18.90 lJ.61 10.06 7.91 7.6) 7.09. 
'I- 1noreaee 32.J 12.s 7.5 ,.o ).7 

I 7 

1).54 
1.42 

10.4 
J.6 

12.82 
o.83 
6.41~ 
J.5 

11._ 
0.78 a., 
J.5 
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Th graphs ahowe4 a rke4 increa • 1n be ring area 

with height of contour leYel at the lower oontour hei&hte. 

boTe the 4/20 inoh level tbi 1ncre se waa a ller. In 

ddition it 8 811111 tor all ge cl sea and al.moat 

linea.r. 

the poei ~ion of the co t~ur 1111 • on the hoot pro­

Tided an i ndication of hoot sh&pe (Ptsuree (15) and (16) ). 

file bearill8 are w re often concaTe, with the outer hoot 

wall forudng the z ro bearing a~ c s. 'lb1a concaTity 

wa refiected in the Iii r k d increases 1n beari g area w1 th 

height,at the lower contour l vel. At higher contour 

leTels , above 4;2c inch, iacrea 9 in bearing area c e 

only fro a dded contact ares aroll.lid the loping heel or 

bulb of e ch boofut e.n.d the aides of th cleft between 

hooflets. 

Som hooves , how·ever, were not cone. ve, and res bled 

a cone v oot 1r0rn wsy to the 
2
;20 inch or 3;20 inch 

contour, o that the und•raide ot the hoot appeared flat 

(Pigu e (16) ). 

fb1 Ta!'ia Uo iJ1 oof at lower contour leYela 

wa -~-~a ~ b1 er eoetf1o1ea • ot Yariation. 

Ab • t • 4;20 inch contour, • oe.ftieient of Yariat10A 

we l.ow r rkabl7 co t withiJl qe olaaa••• 

f ar area tor 

• olaaa ob&DC• wi:th contour b.ei& 1;. owe•er, al>ne 

th• 4;20 l c catov the ranldn& order conaieteat 
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and the 41ftereacea beheen aa• claaa aeana were aore 

regular. · Below 4;20 iach the con•er e wae tl"lle . 

( e ) aonclu. 1ona 

It a conclu4e4 that 1a all age classes, bearing 

ar increased with contour height up to at lea t the 

1;20 1ach level. It wae obeened th t IDaD1' hooYea nre 

cone ve with the out r hoof wall forming the zero beari.ng 

area. H ever, so hoov a were f1at underneath an4 thia 

ha4 ·the pp ara:nce of ing c used by- wear. 

B. DIS SSIOll OP RESUL S AND CBOIOB OF Sf DARD 

CO OUR HEIGHT FOR HOOF P.E SUREMffi! 

If the mean. be ring a s f'or th sub ple ot hooves 

preeented ~bove provided accurate esti ~es of the age 

cla means tor the tull Group I sample, then it waa clear 

fro the resw.t pre nted ~ t • claa difference may 

b pr 4et rmined b7 th choice ot the contour height at 

1'hich t hoot ca ts wer to be eaared. In deciding 

a na a.rd contour hei t tor hoof aaureaent an 

expl t1on tor the chance in rank1 

_,......__ tor a a,e laaa wa 

orier or the eaa 

lil Tie• ot 

• large atandar errors at he lower tour leTela 

( '6all.L.:J V) ~•a• C •• in rank1 or r " . •tatie-

1 all7 •1 • eo. a expl tloa of 

• 1 ar at ue lo•r con-

tou· level• wo atill NUN• :tiul choice 
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wa then de fter cen id ring the change in b arirag N 

with contour l • 1 in rel t1oa to proble ot hoof action. 

( ) Ezpl tion of change 1n rankiy order of the • ean 

It w ob enecJ that hoof bearing surtac a Yaried in 

shape fro flat to conoav. It wa poatulat 4 that tlua 

riaUon in ah pe was reapon ible for th incre sed 

ariab1lity and for the differ ncea beh n the n b &ring 

area for ach g claa blow approximat ly the 4;20 inch 

contour. Th 41ft rence in shape of hoov s 1 attributed 

not to any size ot hoof effect, but to diff rential rate 

of wear and rowth of tissue forming th int~~ ........ ,ent of the 

hoot. 

Thus hoof would beco concave when th horJJY outer 

hoof wall grows rapidly and/or wears slowly. lfbtre growth 

is slow, n4/ r • r is pid, the hoot would co en t. 
J.l.temativ ly, rate of wear and growth of the ol of 

e ch hootl t could cco t for the v r1 tion in p. 

t f 'lheir tiae on paature, we 

could ca ae a llowi o t oft f, th r Ulan a 

tlatteDinc. 

01re • 4/20 1 ch 11tour,emtnaUo ot t e n v 

bean . area 1 relat1nly few 

11 inore • 1a t • 

1ia1Dl7 a rene tl t t • 

effect 

!he 

• t wb1c tile 

leTel 

or 



heel of each hootlet aet th planes ot tbe contour l:ln a. 

It wa_ p tulate4, therefore, that at these contour 

leTels, bearing area pron4ea an e tiaate ot hoot ize. 

therefore it an animal-size factor ia to be eanred, 

rath r than a factor detel'llined by an unlmown interaction 

k~ween rate of growth and•• r of ditt•~ nt hoot tissues, 

bearing area hould be • sured abo~ the 4120 inch level. 

'l'he lower coettioienta ot Yariatlon above this leTel 

indicated th tit should be possible to demonstrate stati -

tically significant ditt ranee between age classe with 

fewer anima1s per ple. Thus, at the higher c»ntour 

leTela, difference appeared to be not onl7 con latent 

and at a ximwn but should be aore easily detected. 

Por these reasons therefore, measure nts aholll.d be 

taken at a mntour above the •120 inch level. BoweTer, 

in pection of cast showed that abnormalities occurred due 

to technique bove approrlmately the 7120 inch contour, ao 

that aeasure nta hould be taken below this 1 vel. 

( b) Ohay• 1 l3ear1pe r• w1Sh Q 1011!' 

of Acts.on 

In Cha ter II 1t wae ahcnna t t 1n the caae of a COA­

o&Te hoof (tr the point of Tiew of pro l of atab1l.lt7) 

~• 01117 laportant ar1 area htendl:led y aniaal 

hoot factors ... a bypotheUoal IIUilllall bearing area ( • 
49 ). Wltbia the lla1tat1ou or 'the a'l1n& • o-•-.. r& 
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technique p1oyed, no auoh aaxillWll coul.d oe d•onat ted, 

&114 inapection of the hoot suggest d that with the 

definition of bearing rea adopted, the h.o6t would peaet te 

everal inche into the 011 betor a .aaxillWI value wa 

reached. 

Pro the point ot view of ol'Ying probl a of ••ot 

ction th re 1 • 11 tt~• point 1n a a.robin for a maxim 

beariag area at high contour levels. ill that 1 required 

ia an e tim te of bearing rea t certain coatou.r level, 

about which the following tate ents be de. 

(a) Penetration of th hoof into the soil to the 1 vel ot 

the sp citied contour will not involYe th displace ent ot 

a large ass ot oil 11k ly to involve sheer failure ot the 

soil mass. (Penetration to this depth y b regard d 

a eating of the hoof into firm contact witil th oil, 

prep tor., to ~tilling its twtcUon of support}. 

(b) Por s l changes in the depth of h of penetrat1oa, 

either po itive or a t1ve, the bearing ana ot the hoot 

7 be regarded a Aearly cone'lant, t the apecitied eontov 

level. 

Too pl7 1th the•• requ12' nta the 6120 inch con­

tour wa ch •• aa tile ab.n~ hei t at wll1c o aeve 

t tea~••• 

11, 1; • 

vol • of aoil eplac•, aa eeti.llate t'ro tbe area • a 

t Maring an C'U'Yea <•1gure ( 21) ) • 4 •zi,eo-te4 
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to be le a tb&Jl one cubic iacb. 

It would also be expected 'that at a penetration of 

6/20 inch, the chang 1n lteari.Dg area produced ya change 

in penetration of! 1;20 inch .c,uld be leaa ,han t1Te per 

ce t. 
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CHAPTER V 

BEABIBG AREA~GROUP I 

Aa stated in Chapter II the ill purpose of this in­

Te tigation tote t the repe tabilit,' of techniques ot 

hoof caatina nd eanre ent tand to obt in pr liminary d t 

fro which Part III of this tv.dy could be deigned. 

l. Objects 

The objects of this inT stig tion were: 

( ) To inTeatigate the relationships be een the bearing 

areas of th hooflet within the age classes of the Jersey 

animals. 

(b) To obt in esti tea of age (or bred) bearing are 

eans ot the an1mala of Group I; to statistic Uy ev luate 

these differences, nd to inTestigate th relationship 

between the bearing re e of hooves ithin cow. 

{e) To ob inane ti te of th repeatability of th ould­

ing - casting - contour lining technique, and of the 

e aure nt technique ( Technique II). 

( ) h obtain e ti•t ot the relatiTe 1a rtance of the 

Tar1oua eourcee of Tari tio 1D. t • aeaaure n'ta ot ari 

area. 

ill caata fro the ro p I ••ple of anillala ••re 

acratchli.ne contoure at t 6/20 inc leTel, an two 

re eat • a r enta ftN tak not the bearing •• 'b7 
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!eohniq • II. 

Por • ch of the thirty Jersey cowa, hooflet bear-

1Jlg area were recorded. One C St r hoof was uae4 

1n ach inatance, two area meaar ent b 1.ng de of 

each cat. 

). !re ent of data 

fhe Boofl t aring are data w r divided into 

three groups, ccordin to age clas (i.e. mature, l-

7 ar-old d 2-y r-old) nd e ch analysed aeparate17. 

1'h Boot b riy ar c!a'ta w r divided into two 

group. !he first group consi ted of d t deriv d 

fro the first cast taken fro each hoof of each animal 

of the sample (t ed "on cast per corn r• data). The 

econd group cons isted ot easur nta}oDly of caeta 

fro tho e hoove which h d be n c tin duplicate 

(te ed "dv.plic te c at'' clata). Thi group was furth r 

turally bd1v1de4 into eta from left front - right 

rear, nd fro right h-ont - left r .. c. di Dally 

oppoa~t• corners. 

All ta were further olaaaif1e4 into tour roupe 

acoor41 to age (or ~••4}. hete were ar.rie4 o ton 

• • • aat per co r• 4ata o 4• end.De • ftl.141 ty 

of c ) ela •• tor anal7ete. 

ett•• teat ( decor 1946 p. 249) ~ o-

ge eit7 of Tari oe • carr1e4 t o t • aature, 3--J'ff.l'­

014 4 2-ye ta an4 Cid • re Yal. • of 30.83 



{d.f. = 2) waa obtained, which was highly significant. 

Purthermore a log transformation did aot reduce the hetero­

geneity of the variances sufficiently to make this group­

ing of the Jersey data satisfactory. 

Accordingly the mature Friesian and Jersey data were 

grouped together, and the P-test of the homogeneity of 

variance (Snedecor (1946) ) yielded an F ratio of 1.03 

(n1 = 80 nz = 80j, which was non significant. 

It was therefore concluded that the mature cow data 

could be analysed together. 

The data for the immature Jerseys (3- year-old and 

2- year-old) •~re similarly grouped, and the F- test yielded 

an F ratio of 1.38 (n1 = 80 n2 = 80) which was non sig­

nificant. 

The groupings ot data for analysis may therefore be 

summarised : 

(a) •one cast per corner• data 

h o groups of 20 animals each; 10 in each age 

or breed class 

MATURE 

(Prieaian and Jersey) (3 and 2- year-old ~ raey) 

(b) •Duplicate• caat data. 

lour gro ps of 10 aniaala each r 5 in each age 

or breed aub cl.as• 
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ATORE 

and Jeraez 

(a) (b) 

Left front- Bight front-

Bi ht r r Left re r 

I !URE 

3 and 2-zear-old Jerez 

(c) 

Left front­

Bight rear 

4. Resul.t 

{a) Boon t bearing area data 

(d) 

Right front -

Lett re r 

The hoofiet bearing r a data are recorded in Appen-

dix E. ch item 1n the• results was obtained lay averag-

ing the two r pet mea re enta ot each hootlei. 

fh an hootlet be ring re , tor each of the eight 

po 1bl hootlet position within the animal, tor ch 

Jer ey e cla a, are n ente4 1n fa le VI . !his 1nvo1Ye4 

claaaiticaUon ot the data accorti t th position of the 

hoonet aa toll.owe:-

(a) ale ( el 

(b) nd ( 

(c) cluaUi• • 
• po itt 

hoot. 

'to a tor 

t t) 

hoot) 

• edial• or •lateral• accorcllq to 

ot i ofiet ( r claw) withiA t • 



AGE 
CLASS END 

( JERSEY) 

ature Front 

Rear 

-97-

Table VI 
Mean Booflet bearing ar ea (sq. in.) fore ch of the eight poss ible hoof l et 

pos itions within t he anima l f or each Jersey a ge c l ass 

S IDE 

LEFT HOOP RIGHT HOOF 

Hoonet within hoof' Hoot'let within hoof' 

Lateral edial Medial Laterol 

6.478 6.724 7. l.32 6.446 

6.538 6.120 6.214 6.530 

3- year-ol d. Front 6.147 6.242 6.328 6.172 

Rear 6.244 5.852 5.988 6.269 

2- year-old Front 5.816 5.970 6.o,36 5.818 

I 
t 

I 
I 

Be-tween > 

01 saea1 

Rear 5.986 5.606 5.576 6.lY! 

Table VII 
Ana lyses of Var iance of hoof'l et bearing area dat a for each class 

of the Jersey animals of Group I 

Source of' Variation d .£. MATURE 3-YEAR-OLD 

Me-an Square F Mean Squ re 

Keaial Vs. Later 1 l 0.0488 <l 0.2247 
{ M.vs. L) l Front v. Reor ,1i 2.375 <l 0.3578 

Oomers R1gh1i v. Len 0.2651 <l 0.091.8 
d x S ide Q.1040 <1 0.0030 

F 

<: l 

< l 
< l 
<l 

(MY L.) X tt . v.L.} x Rn4 1 3.467 6.38• 1.067 4.27• 
'" Gorn H .v.L. X Side 3 1 o.3665 <l 0.0370 c::l 

11.v,.L,. x End l 0.1424 <l 0.0031 <=l 
x Side 

l't in Cl saea 72 0.5437 0.2504 

Total 79 
-. 

STANDARD 
ERROR OF 

MEAN 

+ - 0.233 

+ - 0.158 

+ - 0.138 

2-YEAR-0LD 

Mean Sqn re F 

0.4068 c::]. 

0.1415 <::l 
0.0439 <]. 
0.0036 <l 
2.160 11.34•• 
0.0170 c::l 
0.0747 <-1 

0.1905 
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Analy of Tariance were carried out tor each age 

claas ( Table VII). Th reaul ta of the analyaea showe4 

that the med~al versus l teral by end interaction• the 

only significant ef~ec, 1a each age class. In fable 

VII effect were te ted a&a1nat the variation of hootleta 

w1tb1A classes. Effecta bi her in the table than the 

si 1f1cant interaction, (medial verau lateral) by end, 

were tested aga1nat thi interaction. 

It waa concluded that the only significant differences 

in Tabl VI lay heen the medial and lat ral meana withill 

the ends of the an l. In front hooves them dial hoot-

let was the larger. Conversely in rear hooves the lateral 

hootlet w a the larger. This patt rn of hooflet size wa 

r peated 1n similar fashion in e ch ag clas. 

However, the eize difference were small 1n gnitude. 

The gre test differ nee between the ean hootlet reas tor 

&IQ' two claws of the one hoof 1n Table VI was only 5.05 

pr cent ot the coabine4 area of the two hootlet eans 

(i.e. them hoot are). The average difference be'twe n 

any two clawa ot the o e hoot tor all hoOYea, expreaae4 •• 

a percen e ot e an oot ar a of all hoOY a,.._. Dl1' 

2.63 per cent. 

It collcl 4• 'lbat ill pro l•- ot !loot action the 

41tterenc • 1D area of the two cla.•• o~ the hoof oo\llcl e 

ealectecl. Howe•er, t • a1pit1cant 4itterencea toUD4, 

and relat1•• aapitu4ea ot the hoofle'l ear •• na 1A 



Table I were auggeativ• ot trong bilateral 

in the 'bearing areaa oft e hootleta of the animal. 

(b) •One caat per Cornei-• Data 

'?he "one c st per corner• bearing area data are re-

corded in Appendix P. e (or breed) el& s an, an4 

eana within age claea ror left, right, front aad rear 

corners are pre nted 1n Table VIII . 

Table VIII 

an Boot Bearing Ar a by age (or bred) claa 

tor left, right, tront, rear and all corn re . 

(units sq. in.) 

(Group I. "One cast per corner da ") 

'ture ture 3-y r . 2-year 
Frisian Jersey Jersey Jersey 

Corner 

L ft 16.71 12.93 12.24 11.69 

Bi ht 16.86 lJ.16 12.)8 11. 78 

Pront 17,.CTI 13.Jg 12.44 11.82 

Rear 16.50 12.70 12.18 ll.65 

Stan.dar Error .to.42 !.0.42 .t0.26 .t.0.26 

ill oOYee 16.78 13.05 12.31 11.74 

ta u- Error to.Jo :!0.30 !0.19 + - 0.19 
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Analyst• of T riance of the ture an4 ture groupa 

of data are pre e nt 4 in Table IX. Al1 effect were t ate4 

gain terror (1), (the Tariat1on of hooTes within corner 

within br ad ). 

Error {2) a calculated fro the duplicate meaaureaenta 

of ach cast in order to provide eati tea of 'th repeat­

ability of th easurem.ent Technique II. The esti tea 

obtained of the standard dartation of the easure ent tech­

nique ar record 4 bene th Table IX. 

(1) Age and Breed Differences. fhe Irie ian e be r-

1 area 3.73 square inches gre ter than tbat of the 

ture Jerseys; in !abl IX this breed effect was shown to 

be highly significant. The 3-Y ar-old Jersey mean b aring 

area was 0.57 square inches l rger than the mean for the 

2-year-old Je eys, and t his difference was s1 ilarly 

highly significant ( i'able n). 

The difference between 'the mean tor tu.re and the an 

tor J-ye i-old Jersey waa 0 .74 square inche. In order 

tot t th aip1f'1cance ot this difference tile leaa"t 

1gnif1cant difference • calculated troa lb following 

4 a '(n - l) 

• re 

• t e Yarian • of the rea ctiTe 
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T ble IX 

Analyses of" Variance of" ature hiesian and Jersey, and immature 
Jersey ( 3-year-old and 2-year-o i d) "One c ast per corner" bearing 
area me surementa. (10 enim ls per breed c l ass, one cast per 
hoof", casts measured in duplic teJ 

Source Mature Priesian & Jersey 3 and 2-vear-old JerseY 
of" 

Variation 

Between corners 

Agee (or Breeds) 

Corners 

Ends 
Sides 
Int. x End X Sides 

Ages x Corners 

Age X End 
Age x Side 
Age x side x end 

Ni thin Corners] ( Error l) 
within ages 

Error ( 2 ) (Be tween ·,1eas ur e s 
wit h in Corner s ) 

Total 

( ••p < o .• ocr. ; p.:::: o.os; 
.s. : p 7 0.05')' 

d.t. 

7 

il 
I 
'3 

1 
l 
1 

3 

l 
l 
l 

72 

80 

159 

Mean Square F esn Square p 

82.42948 2.262128 

558.9772 155.42•• 13.2883 9. 55° 

5.9117 1. 64 N. S. 0.8120 <l 

15.8886 4.42• 1.8555 1 . 33tl . S. 
1.4823 <. l 0.5487 ~l 
0.3629 <l 0.0316 < l 

0. 0981 <l 0.0369 .:::::1 

0.1392 0.0888 
0.0570 0.0219 
0.096 0. 00008 

-

3.5966 l.3914 

0.00295 - 0.0012725 -
5.25909 0.73032 

Standard devi tion or e su.rement 
+ + -..t:. = - 0.054 and - 0.O..;,u 
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n = n ber of meaaure ent par ae&D. 

~• val~ of d ob•1ne4 waa 0.45 square S.nchea (p < O.O1). 

nm 4eapit th approx te ture of thia te tit 

app red safe to conclude t t the ob erYed clitference 

wa highly :i.gnif'icant. 

(ii) f Differencea. ID the ture cow group of 

ta in fable IX, the ditterence between the eans tor 

ends was ahown to be significant (p < 0 .05 ) . The front 

corners man 0.57 &(luare inches la~ er than 'lhe r ar 

corners an 1n the Fri ians and 0.69 quare inches larger 

in the tur Jerseys. 

In th 1 tur Jer ey group the front hooves were 

lso the l rger, by O.26 square inch in the 3-ye r-old, 

and by 0.17 quare 1nche in the 2-ye r-old. !hes end 

diff rences in the 1 tur Jersey group w r , how ver, non 

significant (!able IX) . 

(111) 0th r Effects. Bo other effects were aignif'ican"t 

(Taltl IX) nor do the eana ill !abl VIII ehow any rked 

4iff er nee oth r than o e ntl d ab ••. 

Bee uae the age (or breed) cornera interactt a waa 

no aip1t1cant, it a ded ce ~,~pt U"D o~ earinc 

.area 1 tto • 1 11l t tour co era ot animal to 4 

1D. ne • ( or ree ) a repeat• 1 a like 11aJ11uer 1a t • 

ot ar ( or reed) in t • anal7ala. 1 the 

ture crop teen di~rerence •• • •1•11ar ill 

aolt fbe 1ttere ca • • n •1 ••• -..~- a n.oa 
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significant, was negligible in each breed (Table VIII). 

In the immature animal• end and side effects were 

both non-significant. It was concluded that the differ­

ences between the eans for each corner were small,since 

they were not detected by the methods us d. 

(c) •Dllplieate Cast• Data 

!he original data are recorded in Appendix G. These 

dau were, aa noted earlier, divided into four groups (a, 

b, c and d) for analysis. A hierarchal form of the 

analysi of variance was appli d to each group. The 

resul.te of theee anal.yses are presented in Table X. 

From these analyses the eom.ponents of variance were 

calculated and are given in !able XI. 
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T ble X 

Anal;rses of' Variance of' the"duplicate cast" bearing area data, (For data groups a, b 1 c and d) 

Source MATURE FRIES IAN & JERSEY 3-YEAR--OLD & 2--YEAR-OLD J•RSEY 
of d.f. 

Variation ( a) L.F. - R.R. Group (b) R.F. - L.R. Group (c) L.F. - R.R. Group ( d) R. F . -L. R. 

Mean Square p Mean Square F Mean Square F Mean Square 

Age (or Breed) 1 469.1425 45. so-• 179.8801 17.60•* 5.6074 l.66N.S. 10.4618 
Animals within Ages 8 10.3100 s.ao•• 10.2183 2.31NS 3 • .3810 5.82•• 4.5026 
Corners within Animals 10 1.7782 17.39•• 4.4182 57 .16*~1 0.58066 9.07 * 0.65190 
Casts within Corners 20 0.1022 41.2,}'Ct• 0.0773 56.42• 1

• 0. 06402 52.16•• 0.09479 
Repeats within easts 40 0.0025 0.0014 0.00103 0.00149 
Total 79 

( ** p < O.Ol; *p< 0.05; N. S. : p ::> 0.05) 

.Table XI 
The Components of Varionee for each ana lysis group ( a, b,c and d) of :•duplicate cast 11 data. 

(calculated :f'l'om Analysis o f Variance Table X) 

Source of Expect et ion of ean Square Source of Estimate Variation d.f. Component 
( a) ( b) { c) L.F. - R.R. R.F. - L.R. L . F. - R. R. 

Age ( or Breed) 1 s 2 + 2S2 
+ 482 

+ 882 
+ 4082 s' 11.47 4.24 0.0556 

Anim la within Ages 8 s! + 2si + ~ + ml 8 

~ 1.067 0 .725 0.350 
Corners within Animals 10 s2 + 292 + 452 s2 0.4 l9 1.08 0.129 
Ca ts within corners 20 ' ~ C si 0.0499 0.038 0.0315 Sm + 284 cJ 
Repeats within e sts 40 52 • 52 0.0025 0.0014 0.0010 

Tot 1 79 

Group 

F 

2.32N.s. 
6.91** 
6. 88 * 

63.41** 

( ) R. F . - L.R. 

0.149 
0.481 
0.139 
0.0467 

0.0015 
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!he standard deviations ot casting and eaau.re eat 

techniqu were also calcul t d tro Table XI 4 are 

shown 1n ble XII. 

! bl XII 

Standard DeTiations ot caatin and• asur ent 

Technique ( sq . in . ) 

Source casting e su.rement 
S4 

tu.re Prieaian (a) 0.223 0. 0498 

and Jer y (b) 0.195 0. 0.360 

J & 2-ye r-old (c) 0.178 0 . 0351 

J raey (d) 0.216 0.0387 

These e timate showed that both tecbniquea w r ot a 

tistactory repg tability,and that the e urem~~1 tech-

nique was of a much higher order ot repe 111ty than the 

ca ting technique. 

The contribution made y casting to the total Tarlatio 

• ll~ ( Ta le II) a tba t clue to aeaan1 ... a1an1 egli 1 l• , 

el l••• t . 0.2 per ce t in all c •••· The oompo ent 

ot 

1n all grou a (a, , c an ). Caati oontri te4 le• 

tall 0.6 pr cent of the total Tariatio in the aa'lure 

group ' a b, where tii re n.a a lar • c p nent e to 

reed. IA t e 1 tu.re Jeraey gro a,o, an4 d,the a• 



eo ponent correapond1n« to the bree4 co ponent . 

11. and the Y&riation due to Ung was approximately 

6 per cent. 

In fable X the high 1gn1t1cance ot the c ts wi'thin 

corners effect ill all group ,wa attributed to the higher 

r pe bllity ~ th 

c sting technique. 

sure ent technique coapared to th 

The corners within an ett ct was likewise highly 

ipiticant in all groups. The contribation of the co 

ponent of .-ar1ance due to corners was slightly larger in 

the -ture groups, and b, but th r it effect over-

shadowed by the l rge co ponent of the v riance due 'to 

bre 4. The corner effect y represent an nd effect. 

sid effect or an end aide interaction. All that can be 

deduced fro thi part of thee analyse i tilat the 

asure nt techDiquea ployed,det cted highly igaificant 

difference be en diagonally opposite hoo e within 

animals. The .ariation tween thee• hooves made an 

1a rt t contribution to th 'lot l Tari tlo. 

!he w1 thin y a effect was hi hl7 si iticant 

lo t e wre upa o d 4 ( Ta l X.). J • 

for • ~or part of the Ya.rlatio. 

Prieaian d Juaey gro pa,a b, the am.llBla wit 1n ac•• 
effect aipiticant 1n •• 

• 

class, such ea 1 nriatl . " 

t OD e1pit1 t 1a 

r r • 

expecte • 
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coaponent o'f Tariance due to aniwal.e within ages, in groupa 

a and b wa • howeYer • q 1 te large and of the 

a cornera within animals. 

The breed effect in them ture Prieaian 

groups a and b we.a highly significant ('fabl X) 
breed coaponent waa the major aource of Yariati 

Xl). 

Jer e7 

nd the 

(h.ble 

In th 1 ... ture Jersey group ,c and 4 5 the age effect 

corresponding to the breed effect was non 1gn1f1c nt. 

and ita conttibution to the Yariance waa of t he e ord r 

of magnitude as that due to corner w1 thin ani-.o• 

5 . Di-scu ion and Conclusi0ll8 

'l'he data concerned with the hooflet bearing areas ot 

th Jersey animals showed that the two cl wa of the hoot 

were very 1m1lar ill area. Al-though differences beheen 

booflet pairs wer a l,a definite tt rn ot hooflet 

aize a shown to exist within the animal. ID thia pat­

tern strong bilat ral --•-try • evident. BcnreYer, t 

Hern in front Yi a wa t • exact NY ru ot that in 

rear hooTea. eference to i.a on (1914) reTeal.e ao 

anatollical teatur ••le could account for ... front 

to rear 41tteren •• 

• diftere ·c• 1a area twee oonet pain-• con­

sidered too aaall to be of lllpor ce:. in traapling pro-

1 • It at erefore oonol 4e4 t tat the pre nt 

• • ot t eort of ffllll»l-1.Dc, turt er 
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1nveat1gatioa of the relative areas of the clawa of the 

hoot waa Wl rrant d. 

fhe po tulate that Priea1ana. ~• larger breed, ll14 

have lar er hoot tactora tban Jersey ,wae supported b7 the 

re lta ot both "one cat per corn r• 4 •duplicate• caet 

d t • o information on hoot shape in the tu.re 

Frie iaae wae obtained and the uae ot the 6/20 inch contour 

in both br eds makes the coaparieon purely empirical. But 

a difference in mean bearing area of J.7.3 aqua.re inch was 

4 onatrated, and the techlliqu a were ahown to be of a 

suitable repeatability tor the purpose ot making this com­

pariaOJh 

!h hypothe 1a th t ture animals wou.ld have larger 

hoof taotora than "ture an le wa ,within the Jersey 

bred, supported by the resal.t ot the "one c t per corner" 

d ta. The ean bearing rea tor ture Jerseys was 0.74 

square 1nobe larger than t t tor the 3-y ar-olda, th 

ean for which waa, in turn, 0.57 square in.ch-ea larger 

than tile mean tor the 2-year-olda. These difference• were 

ho to b tatistically a1pU1cant wh the appropriate 

• ean quare waa teate api t the Tari tioa w1th1a corner• 

thill ages. tint• •aup11 te ca.at• data, w1 only 
' ti•• aniwala per ace eu grcnap, 1Datea4 of te, tile effect 

ot age 1A the 1w'11N Jer .. ya,who teete ap.laet the 

nr1att ot •niule with1rl aae•,•• no atptt1oant. • 
. . . 

non aipiti t re811lt -• at"tri te to e t••r uillal• 
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per age clas an.4 to the clitterent na'lure ot the test 

ppli d . 

The w1th1D cow bearing area relat1oaah1p were 1nYea­

t1gated tor the purpose of providi info tion fro which 

to deaign fu'lllre pllng procedures. !hua the lack ot 

BD7 ertdence of idea tfect b. the .. one cat per hoot• 

4a 1a iaportant and 7 be taken aa ertdence of bilateral 

Y etry. 

Si.Jllilarly th isnificant. though l,d1:tference 

b tween front and re rends in th mature Jer ey and 

Priesian antmala,1nd1cate t tit there 1a any pattern of 

hoot size within tu.re aJlimal ot e ch bree4~then it 1 a 

tendency for the front hooYea to be larger tb n the rear. 

In ture Jer eys although the front hoov a re the 

larger this end difference wa non aipificant. Thus the 

}q'pothesia that the front boo~ are th larger must 

re rd d as not pro en. 

It be concluded therefore t tor the purpoeea 

of futur ling of hoov • w1 thin th ture co•• if 

oaata p r cow ••re to be taken, then 0 

rear oof 111 av, .... "e at r'IR.l:io.c:.- ••n a14••• 

pl.1oau out • waa ot lAteJMi•a to o'fi • 

4etaile4 1JltonaU c ear! area relat1oa-

pa. llowner. the hi lJ' lpifi ira w1 tbiA 

.ant-la e:tfect !'a le X • 

Of .. &.WNlleA't eapl.07•4• 

84 t, ft '-'9111,i,11.1,&4',jLW98 

uplti t fterenoea 
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••r• 4etecte4 between ~h 1D41Yiaal corner eana within 

ta.K.MIIC.....a• !his cannot be 4ef1Ditely r lated to any OYeral.l 

s ide, end, or ai de by end interaction effeot. (In the 

mature animal 'the significant corners difference could be 

in part• resul.t of the o•erall difference between the 

eans for end toud la the •one caat per corner" 'data). 

~• importance ot the Yariat1on betwe n cliago lly 

opposite corners of 'the an 1 gJ.Yen by t he gnitude of 

th? oo ponent of the Tariano due to co era within animals 

1n bl XI. In ~ble XI 1ndivi41&al cow variatlon,in the 

absence of the large breed etfectt a t he Jor aource of 

Y'ariatioa 1n beariDB area. 

Thus it s concluded that 1n dec1d1ng on lhe n ber 

of animal to be used in tutur exp rim ntal work, ore 

information woul.d be obtained by using a larger n l>er of 

animal and t king fewer meaaur menta per cow,than b7 u 1.ng 

ler --~va-r of an a and takiD& or aaure ent 

per cow. 

!he l aiu o'l t he capo ent of 'YU"1 ce due to 

caatt alao in41 le t ~ff 

paraaetera woal.4 taine4, y • • per 

of an ho t c •UJI& • tu muat>er t an1wl•, ra er 

t tak:2ag aore t• per o~ of tewer -......-w.a. 

7 -- .ariaU a oo tri te 17 • 

... , ent techa1 4 it --~ re ta illtJ', 41oate4 
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that, provided ,reeaut1ou were taken to prevent llla­

reacli of the pJani• eter, oal.7 one eaaurement per con­

tour line need be taken 1a future work. 
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CHAPTER VI 

BOOP LOADS AffD tfflIT HOO LOADS: GROUP I 

Simple preliminary tr1ala showed that it wae poae­

ible toe timate by weighi ng, tbe static weight load on 

the front, or r ar hooves, of dairy catt le. The eati­

ates obt ind supported the hypothesis that the front 

hoof load greater tban the rear hoof lo d . To 

furth r test this hypothesis, front end and rear end 

weights were taken on the Group I an ls. The t chnique 

used and the results obtained are report din Section A ot 

this chapter. Thi is prefaced by a review of the liter­

ature upon which certain details of the weighing tech­

nique were based. 

In Chapter II (Section A) the 1m ortance of unit hoof 

load in probl a of hoof action was shown. Accordingly, 

weight and hoof moulds were taken during the ea.me experi­

ental period, and Wlit hoof loads were ca1culated. '?he 

r ault obtained are reported in Section B of thia ch pter. 

A. HOO LOADS : GROUP I 

1. OJ eta 

(a) To teat t • technique tor eatiJlattDC the etatic hoot 

l 4 on fro t and rear hoo••• of the anillal, 1n te a ot 

it accurao7 an4 ctical et'1llneaa. 

( ) obtain prel1•1na17 infor• at1on concel"lliq the 1f1 th-

inc et.tic hoof loads a the eheen·age (or breed) 
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et tic hoof lo de of the animal s of Gro up. I. 

(c) o utilise information gain d tro• (a) nd (b) bove 

1n th design ot ~ rt III ot the investigation. 

2. Review of Literature 

o reference could b found to ny work describing 

the estimation of front and re r hoof lo da . However, 

details of technique co on to all animal ·weigbing pro­

ble s were based upon information found in the litera­

ture and summarized below. 

Data concerning the body weights of so e ew Ze land 

Jersey and Friea1an cattle were reported by C&mpbell nd 

Flux (1952). The weights of all clas es of Jersey 

cows (2-year, 3-year, 4- year and older) were shown to 

change during lactation. There was deer ase in weight 

for approxi tely two onths after calving, which was 

aore than offs t by a uch greater inore s 1n weight 

during the r inder of the lactation period . 1ature 

Frieaian ani ls showed similar weight ch&Dges. 

Hughes and Harker (1950) ahowed dq to day and alao 

diur 1 variation to occur ill the wet ta of grazing 

bull.ocka. It was eet1 ted that b llocka 1ncreaae4 ill 

weight ta rate of 25 lb. per our uri.ng grasing. 

Weight variatiOA waa rel.ate to th graa ba ita of • 

anillala, 

riae 

ich were 1A -tum 1ntluenoe4 ~ tiae ot s 

sture 11a 111"7, •• 4ete 1ty aeaaoa. 



-114-

ore direct evidence, that large day to day and 

larg diurnal Tri tions 1n the •till• of the al entry 

tract of the l"Wllinant w re responsible for corre pondin 

body weight v riation, w supplied by the investigations 

ot ffl yler (1954). 

Hughes and rker, and Tayler, bo'th quoted evidence 

showing that this v riat1on due to "fill" wa s ler in 

the early morning than later in the d y. 

s ilarly in America a "Joint Committee Report" 

(1952) rec ended that:" 1th ilk cows, weighings should 

be made after morning feeding and milking but before 

watering". 

3. Technigue of eighiy 

eights w re required to provide estimate of hoof 

load. Pro the literatur quoted above, it was clear 

that hoof loads would vary throughout the season, fro 

day to d J, and during the day. Bo att pt was de to 

e ti te the ex~ent of thee variation. e1gh1ng , 

however, c rried out ta ti 

expect d to be ta lliniaum. 

when variation would be 

!he cowa were we1ghe4 ~ter a1lk1 finished at 

7 •••• It waa ooneidere4 that no aore than six anieala 

colll4 • weighed each aorn1n&,llithout c 1 und • dia-

tur xice to the • anage t ttern of the er •• The 

mal were we1ghe4 o 

accurate to a out l lb., 

Avery 2 ton n1 bri •• 

• 1ppe4 with a race leading 
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over the platform. The two parta of 'the concrete floor 

of the race,uaed during weighing,alope4 slightly way 

fro t he pl tto of the weighbridge . At balance.the 

platto of the ealea was approxi tely half n inch 

lower than the adjacent parta ot the race. The elope 

of the race at each side of the weighing platto was 

such~th t the furthe oat part of the race on which the 

animal stood durin& weighingtwas not aore than three 

quart rs of an inch lower than the platform of the 

scales . 

(a) Front End Hoof Lo d 

Th an l to be weighed wa co~ined in the race 

by movable bars so that only the front feet of the animal 

rested on the scales. en the animal was tanding in 

the •atat1cM position (already defined in Chapter II), 

the scale were balanc d and the front end weight re ding 

obtained. This • taken as n e ti te of the eta tic 

lo don the front feet of the animal. . 

(b) Total eight 

To obtai the total ody we1ght,the an1.ul wa • oved 

forward o to the acale• an wei • 1D no aanner. 

(c) t Loa4 

The i a ove Corward 

it ar feet cmly -on • al••• 
en4 we1g t aken aa soon a t 

•atatlc e'8.nce. 

1 conti 4 with 

tore 'the rear 

4 t e 

en aa an ea"ttllate 
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of the static lo don the rear feet~ the anilllBl . 

llllring weighing, one op rater waa required to bal­

ance nd r ad the scales, while anoth r oeuvred the 

llimal iato what wa adjudged to be •eutic" a'tance . 

Two co plet weighings nre made one ch antmal. 

111 th the Jersey groups, th · 1 1 of 'lhe group to b 

weighed on any on particular .aoming were weighed con­

secutively facing in one direction, then reweighed f cing 

in the other dir ction. The Prieaian group wa tre ted 

d1tterently,1n that e ch cow a weighed through the race 

in one direction,and then 1 diately reweighed through 

the race in the opposing direction. 

4. Result 

!he original body weight data are pre nted in 

Appendix Hand the front and rear hoof load d"l 'ta re pre­

sented in Appendix I . 

(a) Observations on Teclmiguea 

In theory, the addition of front and rear hoof load 

should equal the total \Jody weight for e ch iJllal . Thie 

aftorda an ab olute check on the accurac7 of tile teoh­

n.iqu use · o •-t rm1 • oof lo de. Accor Sng].J, for 

each e ol a, all cty ••1 t., ean front e d plua 

rear en h f lo ~or f1N't .. 1g,l.l.llUl!~u, a•c ad ••1shi a 

4 first pl eeco weighi • are glTen 1 t'a le XIII . 

Pro th1 bl , 1 t th •d41 tio f 

~rot pl rear t 1 da ereatia te4 the total oq 
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1 

AGE CLASS 

.. tu. 
l'rieaian 

Jlature 
Jeraey 

3 year 
Jere.,-

2 year 
Jersey 

Table XIII 

ean Body Weiaht and Mean Pront End plue Mean Rear EA4 hootloa4 
b7 •s• (or breed) class (for first, aeoond, and firat an4 

aeoo&4 weighing• ) 

WeighiJls PB0NT + REAR NORJlAL IEIGHt 
j-i lo. - -X 7 

\lb.) \J.b.J \l.b. I ,-

1 1184.) 1201.l + 17.0 
2 1184.9 1199.7 + 14.8 

l & 2 1184.6 1200.5 + 15.9 

1 861.9 866.) + 4.4 
2 860.8 860.g • 0.1 

l & 2 861.)5 86.).6 + 2.25 

l 719.4 724.1 + 4.7 
2 712.9 716.l + J.2 

l & 2 716.15 720.1 + 3.95 

l 679.0 672.8 - 6.2 
2 668.) 666.6 - 1.7 

l & 2 67).65 669.7 - J.95 

' 

, 
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weigh't 1n heaTier aniaal 9 a overestimate tb weight 

of ler antmale. !bi error was leaa than two per 

cen, of th -.:::•- in all c ae • and w tbua not eon­

side d 1•portant. !hi error, if not due to chance 

errors, could po 1bly lte reau.lt of the lope of 'the 

tlO"or cf the 1gh1ng re.oe. !hi could c uee l.onger 

anim ls to st n4 with the two feet ott tbe p1attorm at 

lower le el than the feet on the pl tfo • Short r 

a ls w~~ld conversely tand with th t6 ton the race 

at a higher level than those on the platfo • 

It wa conclud d that &Idmals should, if possible, 

be weighed with the feet on nd oft these ls t ne rly 

the e level. !his could be achieved by positioni.ng 

the animal with ore care. 

In the Jersey groape in 'le.bl XXII the weighing 

DUmber ref re to first and aeeond weighing which were 

eparated b7 p riod11 of up to one hour. The aean for 

eb wei bing DD ber 1 cl u4e w hinga in each clir cUon. 

!h l.ower • &n, for al1 econ4 we1s)d. 

to ac'11al. lose ot wei t • to iD.ae 

d to defaecailo 4 urination. 

a, ••• attn but 4 

le ••1 t 1 ae 

Ia t • Pri••iu up., tbla Tari t1on ••• 1rUal.l7 
el1• 1nate re uet ti 1n nal iwean re t 

••1 to • few tee. • • wei&1&•u.g,, 

• bled a check to -be • 4• on • d1r•ct1o t waJ. ~b1ac Ida.a". 

!he_ .. _ front and rear oot lo cle f r 41reoUoa of 
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weighing are presented 1n. !able XIV. 

fabl.e XIV 

'ture Pri sin aean tron~ and rear hoof loads tor 

eaob direction ot weighing 

rareotioa 
of Weighing Jront R r 

l 641.2 543.l 

2 643.l 541.8 

From Table XIV it -.,:a.a concluded tl1at biaa du to 

direction was unimportant. This conclusion further 

tested by weighing ~n inert body at opposite edges ot the 

weighbridge platform. 

were detect.able . 

o chs.Dges in th weight readings 

The greatee~ ou.rce of v&r1at1on 1n the det rmin.ations 

of hoof loed ppe-ared tc be th po i ti on ot the aDi l. 

Any deviation in poeit1on, a a:; froa ttat of tbe static 

ta.nee, produe d lar '8 var1at1~ns 1l1 th oof lo 4 

eat1 te. 

h rmo •• 
of the scales 

ce 

th error 

ua 111 

llp o"l to the n1 l 

t. all rec r inga were f 

tl.7 1ac .... 

l'&. 0 

a ll ot a d nee r & rec lo 1 



-120-

error in weighing, it we.a concluded that future weigh­

ing should be de in onl.y one 41rect1oa over the 

scalea. At thee tillle, "to reduce handliDg of the 

ani le, and to reduce the t e interval betwe n weigh-

ing, duplicat weighings could b de without ao~ing 

the Bimal more than 

weighing position. 

few inches away from the first 

Thus valid eati te of the repeal-

bility of the technique, including weighing error and 

error 1n poaitiolling the animal, could still be obtain d. 

(b) Pront end and Rear end Static hoof loads 

The gros age (or breed) cl sa v riances,of the 

front plus rear hoof load total tore ch cow, ppeared 

to be arked.ly non ho ogeneous and to be correlated to 

their respective means. Accordingly the data were trans­

formed to a log cale tor the plilrpose of ana1ya1a. 

Bartlett• test of th homogeneity ot var1 nee of the 

tranato 4 data yielded a corrected Chi square ot o.61 

(d.t. • 3), which waa non eipific nt . Th lo d ta 

were coded tor ea e of oo• putatlOA by au t cting 2. 0 

4 Dltlpl.yi by 1000. 

!he ean front end rear end oot loada tor each e 

(or bree ) ~•• lcul.ated fro• o t e lo aa4 'W.ral 

aca1e 4at are preae te in fa le X. 
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TABLE X:V 

Mean t'ront end anct rear end boot' loads by age ( or br ed) class n-om 

log scale and natural data (1 b. ) 

Mean Difference 
SCALE FRONT ( F) JW.R (R) \F - R} conr1-de:nc ( F + R) 

!Iimits( 9~%) 

Log. 638.9 539.4 99.5 - 1178.3 
Fr1es1an Nat. 642.2 542.4 99.8 :t13. 3 1184.6 

llatare 
Jersey 

3 year 
Jersey 

2 year 
Je:raey 

Age (oP Breed) Olan 

Source d.f. 

Anillal 9 
Bnd 1 19 
Animal xEnc! 9 
lleaaures 20 w1th1Jl 

Total 39 

Log. 467.l 390.6 76.5 -
Nat. 468.8 392.6 76.2 :t 15. 9 

Log. 391.7 321.3 70.4 -
Nat. 392.2 322.9 10.3 :t17.1 

Log. 365.3 306.l 59.2 -
Nat. 366.2 307.4 58.8 :t.10. 7 

TABLE XVII 

Analyses o'f' variance of f"ront and :res:r end hoof" loads 

f'o:r each age ( o:r bre·ec!) class 

ature Fr1es1an ature Jersey 3-yea:r-old J eraey 

lie an 8 qua:re p Mean Square ean Sque.re 11' 

,15808.9 6174.ll 4001.33 6.97** 
99401.5 7,.62•• 40. ~91. 6.15•• 

345.6 5.39•• 494. 1a 574.44 4.82•• 

64.15 50.65 119.1 

(•• p < 0.01) 

857.7 
861.4 

713.0 
716.1 

671.4 
673.6 

2-year-old Jersey 

11-ean Square F 

2944.11 13.07•• 
515. 53.18•• 
225.33 3.19•• 

57.60 
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the anal.7s1 of variance of the tranato e4 data 

( ble XVI) showed the difference betw en the eana tor 

breed, and beh en the e ns tor nds, to be highly aig­

n1f1c nt . 

ble XVI 

17 is of V rianc ot Group I oot Load da'ta 

(using log transformation, and coding the 

logged data b7 sub'tracting 2.0 hnd x 1000) 

Source d.t. ean Square p 

A.ge ( or Breed) l 483931 13i.61•• 
End 1 7 246412 6 . 03•• 
Age x End 3 282.7 <:: 1 

An1ma1s withi11 
sub classes 72 3621.9 ) . 84** 

Ilea ur vi thin 80 94.26 
ends 

Total 159 

(**p < 0.01) 

Each of these etf eta was teated again t the a.n1 la 

within sub clas ea Yar1.at1on, in the abaence ot a aig-

nificant age lQ' en4 1nteract1on. !he ead difterencea 

w1thin eac a e ( r broeed) claae are liet 4 in. Table 

xv. It-• •••n that althov.gh there waa no eYide ce 

4 OD t e log Cl•• 

the•• dlftenncea • ea c4nYerte4 to the natural scale 

nre greater int e hearter &Aiula. 
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lroa the variation ot aeaav.rea within en4a, the 

tandard d Yi.at1on of the weighing technique was calcu.l­

ate4 and a value of z 9.3 lb. obt in.ed. 

It a concluded that th front - rear static hoof 

load differences were such s to ake the separate e tima­

tioa of front net re r hoof lo da eaential.,for accu te 

e Umation of \Ulit hoot lo d. It was further concluded 

that th weighing technique uau waa of aufficient rep t­

ability to b eJD.ployed for 'this purpo e in future work. 

The slight odific tions ntioned earlier (page 118 ) 

should, however, be incorporated into the technique. 

To further characterise the front-re r differ nces 

fore ch ge cl as the Analyse of Variance shown in 

Table XVII were carried out on then tural da • A 

would be expected, the difference between th ans for 

end ( Table XV) were high17 s1gn1f1 nt in all age clasoes. 

The an1 1 by nd interaction, when tested agains't the 

a ar s w1 thin end variation, w s al o highl.7 ign1ficant. 

Bowev r, examination of the• difference for indiv-

idual 1mal h 4 't t the front nd wa inn.ria'bl.y 

the he vier. !h aigaiflc ' nd interaotio ed t e 

encl tfer ce to r, bet en • •a•• re 

of untt t n 41fte 11ce, cod1-4e oe 

tr the · atio 41fteren e w1 in each ace 

(or re ) cla ••re aloul ~•4 fro fonmlae: 



'?be etandari. devtaUona er the meaaure•n-t t.eobntque 

for .aoh as- (a bft 4) olaaa ••n oaloulated, and the 

f ollow1D la ., 

iaD + .o -
7 t. 1.1 

l-7 4 Jene7 t.10.9 

2-p . Ju ey t ?.6 

The t ohniq11e E.• .. 11
""' p;peued to be of s 1.lar aoouao7 

1D all grGllp • J..cuta_ez mean square 1n the 3-year-o.14 

J rae7 &rOllP was aooow,tod for b7 the large 41s0rep&DOJ' 

bet cum the ar end :lghta (44 lb.) for oow ,9 of ~t 

grou.p. In the flel.d this •• was not 4 as 1ng d1tt1oult 

to• lgh. 

Btgbl.7 1gn1.f · . _ 41.tfereuoea nt een the 11MJ1uw tor 

( or baecl) a · b'ated 1D ne XVI. Tbe • 

41ffenaou n h , ~ tba 

ta, to lie JMl'.tffll .. t 

J• · 7a· . 

• • 

ot the t teat t 

-,;..,. tar ~ 1gg:a 

J • .,. 



B: 

(a) 

to Sa »a-..---,, into t DG11D&ZDlDS th :na,-a 
eocla wt.tb;lD olaase, 

wd.t hNr 1 

() To t1llze 

dealgn Part l.ll of 

2. Ulod ot 

Tho tatlo 

ple oalou.la 

be\ en age ( or bned.) e t1o 

SDJEJLa ~ Gr I. 

ts.on ol>ta1na4 in ( ) abon b 

ton. 

Un& Stati.o Unit Bfof Lead 

4'&.lNf henflofeoho 1Dthe 

the f ollov1Dg tozmulae :-

StatJ.o Uld.t L: 1 bMf lead for end. 

(For end ~ 

Boot lead data ~ ~ t1on A of thj. olaa»t r th 

• oast per oorner" DHB~1a area data {Chapter Y Sub tlOD 

4(b) ) fl uae 1D oalc1o1lat1 •• Ca10t&la 1D th1s 

wa7, wd.t lead to a,u.,.,..... 1n atat taDoe. 

It o taoJ.tl.7 that n4 1 

t a tbe le•• •1~.PGl:c:I..Q • 
tMU -~- Gl!AD 

,. 5H 

1 ( 



Table XVIII 
e n front end and mean rear end unit hoo~ 
loads by age (or breed) cla e 

AGE CLASS FRON'!' REAR (F - B) . Confidence 
(F) (R) Limits 

95% 

( p . s. 1.) (p.a.1.) ( p. s. i.; ( p. s. 1.) 

II tare + Friesiane 18.827 16.623 2.204 - 1.061 

-! tur 
! 0.624 Jerseys 17.547 15.493 2.054 

3-year 15.826 13.278 2.548 + - o. 590 
Jerseys 

2-yaAr 
! 0.588 Jerseys 15.546 13.182 2.364 
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(F + R) 
2 

( p. s. 1.) 

17.725 

16.520 

14.552 

14 • .364 

Table XX 

'?able XIX 
An lys1s o~ Variance of ature, 3-yeai--old 

and 2-year-old ~ersey, Unit hoof load dat. 

SOURCE d. f. Mean Square F 

Age 2 2a.529 20.62** 
End ll 5 80.885 58.46*• 
Age X End 0.3112 <l 2 

Animals 
within 
clas ses 54 1.3836 

Total 59 

( *P < O.O1) 

Analyses of Variance of front and rear end unit hoof loads f or each age 
( or breed) clas 

Age ( or Breed) IIA'?URI FRIES LUI JlATOBE JERSEY 3-YEAR-OLD 2-YBAR-OLD 
Cl SB . . JERSEY JERSEY 

Source d. f . ean Squ :re p an Sqa r ., I 
lien Square .., Mean Square p 

Animal 9 10.243 4.66• 1.5885 2.o&N.S. 2.5422 ' 3.74* 2.0526 3.0 ~~ 

Bn4 1 14.301 6.50•-: 21.101 27.68-• j 32.462 ~1. 1ir 27.945 ql.354'* 

Animal X Bild 9 2.199 0.7623 0.6800 ' o.6758 

Tot 1 19 
-
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(ar bre d)olasa. t meao for ag (or b els) f 11 

1Dto a 1lar ranktn r 1D eaoh set of data. H · Vi r the 

tendeoo7 for a.r1D4 te fall the pattern aa h at 

l , rtl.7 ~d fteot of the Jar. dUfe DO i.D 

boat 1 • Thu& ult lcaads for all . e ( bne ), 

D GDl.7 :fraD 14 .4 

f1l baA·P'I a;in,a Sa 

h'Seoacau•• 

,a »er••n 
h wr 2 

17.7 p.a.1. 

M-J~iu-ate 1D 

o »en tug effeot 

tue Fne·--w• 

---'~ J rN78• 9- .... ,. bear1D& 
, Jalrat~ f tbe l'd.ealau. 

' tu 
u '•~~ ~MM!- •-~~-- . ...._16N r 
l P• •l• 



Ule.a.4,1~, ... ~ ieD4mean h 1 •iDwatalll 

olaaa, are Z"Baalt zi tr t encl hoet lca4a, 1IJO pl.eteJ., 

o . uate4 t.• b7 .17 laraer ho bearlng reaa. 

h tbaae na • tt oeolu4ed,. t 1D upiDg 

Pa.rt W ot the 1Dnst Uon, meji.8Qre11usota should. be IUEHus 

ov.1~~te17 f d nar eDCla ot • oh an1mal. As 1t 

a n•t »osa1b1 to s Jaratel.J the ho~ 1 for left 

and ri&ht boons• D OQ.JllarJtJIGD t en i.dea oou14 GD4ertabD. 

pcrtaot d.U~ reno,a en slclea 1D hoof 1ca4• ~ u.ntt 1 

api,eand• on l.ogi.oal p s, unlikel.7 to 9Xlat. Tht.18 on front 

1ma1, t ra.D4 be en sJ.de , oould 

be measu.re4. 1D tb.1G a greatel!' owal>&r of aa1mal wGt.lld be 

88111)le4, tban U all f how s -re aeaaan4. 

It a fl.lZ'th r oouoluded, that 1D new ot the 41.tt reooea 

l)etwean front ao4 onds, and of the dUf reno a l) tw en age 

alaaaes• the olaaaifl ti. Gf data into age olas a and Dds 

wlth1D as olaases, retain d. D em.m1nat1. of the 

sub olaas an4 age olaas fe:renoes, wGllld ahw h1oh .ib olaa 

and olasses oou.J.cl p d, for the pirp e of oa.l.Olllat1Dg hulk 

lD thta • lntenelaticma bet . n e t • 

-, . 1na oe, o.18 r n1111'1W1!"11 er 
bean.Da ~- aot• 1D uatat.ag 

p al le. 

11 
III. 



-131-

·• 8G'!Nl~ na&CID& the Oaqa.ria l)e,ffl D tJa Jene7 

PdealaD was &-et o ts.nue ~r, malol.J be11ffM,UM1, lt 

thoug)lt t mere ue1ul 1~ t1 w«ll.cl be ~4 ~ 

meaaurlag aU ola s of the Jer. 7 bzeed• ther tbaD 

a tt pting o parlaon. 

ld.ah•~ 
PrieaSaD t 

to panu.e t 

ru.JUiloJl;J;JlllrJ' reeul talae4, 1D,--t 4 t the 

l 8 •17 elSghU,- C. DGD •~U,) 

tu., ••• , •• 

t the 

c'll.J onezied b7 the 

It was S.mp S.ble 

r of 

toetatepa par da7 •:re n.1lable, for a»2•1• ot •-· .. 

bne4. ID , utU t theor., ot. t pliDg ett ot OD 

soil 8DC1 la eluol t d, S\\Oh pa:rtsona walesa a~ 

dUfereDt1 D likel.J to b oonol.WJ1ve. A ts.rat etep 1D tll8 

tlcm ou.oh tbeWJ• tr the an1ma.1 -point, ap arecl 

to the me£wares:10nt ~ all re~ Yant hoof features for all a 

Qf CID b 78, the 1111:1,,11,,.N c:1ab7 , _ d 1D Zealand, re 

tbe obY1 for suoh 1DV aU&a,UGD. 



PA T III 

vrr. IN'l'ROD CTIO~. 

III . BO BE . I NG AREA, STATIC HOOF LOAD 
A. D U I T STATIC HOOF LOAD. 

I • H F LE.fGTH , HOOF EADTH D F CLOSED 
AREA OF ';'HE HOOF. 

S. CONCt.US!" S: DISCUSSI0N I1i ET.AT!ON 
TO T"' MPT ING. 



C1IAPl. fll 

TO PAR I.I% 

Part Ill uea, t the IUtUllftlleDt. aad the ttatl.eal. 

l.pu f .. Et.lhllrelNIIU~ , of the ~JCl. l~ llld.t 1 • 

1>J:9 th, leagth aD4 4 --- of the b we d tlft 

e ... ~ Jar 7 UW~IMI..V• 

ID Cba1>tar ll, -.-.-iUg ~I.Hi and boot l. 

aa the det adna.nt , S.t h oof 1-4. 

p azeci t be tho IIICN.u aD1mal detem1DaDts ot hoot netrattoo, 

aD4 heaoe ot the 1D Git, of the effeo, of the t t-,nDt on 

aoil e.D4 pasture. 

B~ shape ooul.4 a d fined lllal~1Jatl0all7. kt was 

no ued as third foot 1D pro~ at hoot pe tnt1 , 

althou.g)l 1ts exaot aigDUiOano was n t Jmown. Hn114:a'lft:!lr, hoott 

ould 4ef1De hoot pe auff11 ntl7 

to 4eteot an7 important d1f:t reno s. ftDall.7 t ed 

p tlllated to n ao estlmte of t are att, te4 

b7 toot~t. 

u,- t1ae INNMl~m:-eJIDOlR.& nn SDt • .lM,~ t 

ef ti. WIN~ u 1to11UJ11111a tu --.~ 

of tM ~ t-pd.D't, 'WM,il ...... 

.. 
.,1 .. 

• , u. , 



teobD1t•• t4 lloof 8azlitbtll 

of the 4a , wJd.oh 

uaonllri in the ~oll«11r.DB. • ou 
ft& reaalta, et 

ult loacl an &iftD ln 

t . 

ot 1ttogth• breadth d ana 1D c· pt r IX. 1D t.-,. 

oha tsra,, Ueowsslcm of . suits 1a oat1Ded t taoters atteot1Dg 

tu reSQlta• &D4 ot 1Dtm~lat1ooa babe D the n ta. A 

UUllllllW:';1 of t sul. ts o olusl a obta d aD4 their 

nlati to t:rampllDg pz·-vv.a...,,._, 1s given 1D Cba t r x. 
1. Ob;teota 

(a) To obtau eauma s ~or oh ~ the fol.18"1.Dg hoof hatures:­

(1) Beanng~ 

(U) Stat1o h 

(111) Statlo w.d.t 

(1v) Bna.4th 

(Y) Leo h 

-(Yi) loae 

1 . 

t laa.4 

for ft:ft &ge a.&a.-UIID• 

UWa- ti. fl;. 

~-Olll -

olaeaea ot Je.ne7 

1IWl~DNiA Jene7 

( ) ~ • ua ..... 9,MI_.. -~ro.M• ..... , ., 

u.1aa1ent t 
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. 
Jtn ~Stl.SJ 11T 

or leustb•• her, to ol:,tai.D ao estJ.mate of '118-

poaalbl.e mcn.-e;iue in ~~th an4 euo1oae4 ana chte to ~ • 

(17 tlut -~1n1t1GD flt a•oa4:1ag, hoof breadth 

t iDOnase). 

(cl) to ta1n eatiaa · et npeatablllt,' of the ID88SIU"S.Dg 

equal 1D D 'b r , re leotecl at rand 

olaaaes 

laa s 

trc:a the a 7 Agd.Ollltual Colla pv.n-bn4 J rae, rd1 

prevtoual.7 des n d { · 81). The eu.o ..... l)le DWDber was aet 

at f1fteea Jer age 010.Ga, aa the max1llum D\IIIIIIQW~ tbat o0\114, 

ror praott; 1 rea OD$• 

follow :-

OCIQO 1t10D 

tl&ft (onr 4 ye ) An .rage age ,i .,.a.:'1D.11p 4-11 pa • 
J-,e·---•u~ • .)j-)9 • \ha •• •• '61111tha.: 
2-, ai--olda 

J.-7ear-olda 
Calf 

ill,t111;Mllf:jl,6D 

s.o t!le 

at tuts. 

1earU. 

•• • .2 t .: 
•• •• Ul ba.: 
•• •• 4 .1 

---nJOi.:r-G.1.c& e __. (•· r4 

••2~ IIIUl&t• 

• .ll.•M tu • .. ,.., ..... 
, ... 1 .. laotaUng le a\ ...aliD· 

darlftd. oat ot liAIQZ! ~ 

14 .. 



••'&&b1D& · hi 

tlleU.tenlOth&11i1~ 

ho t • 01&14e4 1£1i~La 

,. B•ot • 
• ow.de 

-i,,-

~rA ~ '- GU,&llll;l.&,D lf8ft a&'.I~ 

·p ; ber• 19,,. 
,....,.....,r_._ we1gh.1Da. 

eaoh ammai • t ~IHI',-.. be>tw•)eo ides. h 

WA'l!IA Jll!Mle of ta • Ona --

ta 

tile hooflet of t iD tJl8 •toea t tber• p 1t1. • the 

otlaer nth the be~li . 0 t ( ~1De4 

ca ,2). t 

wt.a.Ii.Ali.., poaai.bl.e wS.tl\Ollt oaWllD uao -art t ~---• 

epea41Dg SllbJeot1ve 4 ~. It as 

cle.-...,~ 

l&DBffe te4 bJ apre~WLDB th 

latter ~tors an vvi ....... ut of 

qtd:nd. 

ID --·a a .. ....,~ Su 

tato olaa s; th 

obY1G118l.3 Id~ tad. 

clepe ot the ef:teot. 

t p u 
ll.o9f1et • held t-~;'b'°",. a t t t toe tou. !Ml 

t.01184. 

, .. ' 

ID tha 

8 



, ___ .1,.. 11.ntll', &n h oase9 the R olan .-ma w.n 

•v•..Dell for tte t .. If the t a,nadU taeat 

1'la4 •&ll&tll• effaol-, t 

t ther t••caa~ 
two ~l&UN1aeau ~ eao h d (toea 

ta) were :h4 as ~ clllplioatie 

unrew- 1' o1>ta1D aD .eats.late fJf tha n1MataMJtt, 

~ t teohD1qa. 

quent anal1 th.Ss "118'i1JU SD tld.89 aocl 

·r1be4 ID ( ) J.• • of. these cauc..,.aes 

t speo1f7 and eval.uate Ut~eretJO s twe D age olae· aDd 

bet eea D4s ldtl'wl u.uilolHR:JU• Frcm the ~ tl extraoted 

1D thia wa, • the results of varies hoot f'eatllft& oow..4 be 

ocupared and 8'f'al.ua • o:ra»ha re ued to a1d in tl:d8 om-

parison, d to swiaal'lti?K) the resul.ts. ~ D flnallF, it was 

»osslble te deo14e '£ h feature, bi.oh olaase C• ab 

ol.aaaes) ooul.d ocmb.1.Dod d the eattmat a q,na d., 111.thClllt 

llll4u loss ~ pre la1on,, 1.D a mon •17 applJ.oabl.e f' , b7 

. oulat'1D pooled for t ocabiDed 01..t.a,1:HMr.1t• 

ID the e"f1 --- treatmeat ffe t• 

the •t• t . t ·rt ..,.,.n~-· at •n th 

• 
~1,1:'9 4a •re .1&1ter tzGl8."&il4 

( ) ,slylb1e ... --

·ce!Pa '+ 

data for 

), exoep.t t 

• • 
• 

t. 
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.1 • . 

1tf 29 
14 

,o ,9 -
cl t 

a da2d •u-.--.- t !mlt • 
Bia aa--.,-te of rei,ea,t;Q.bW.q 

the anai,-ata, the animal ·'1 e 

2.nteraotton - an aq 

dlffero • benc:teD 

animal.s• t latt r 

d to teat the S&DU · ~ th 

for Dda• an bet en Uie URN:a.-uo fe 

1D 1 11tal teat of le 

In the ble o% l!IO"t:ms1 t 

portaooe. 

h olaas 

nre g1TeD ae ti-oat 

p 1t1w dtttelNHMIS t the front mean the larger.) 

population o 1' enoe llad.ts were oalolll.at.ed ~ollow :-

o 

- . • 1.) 

.l.. z ... 

D • 

u t. 



te ta of aiSDUxaaaoo IIO'J~ to be Yali.d• it 

eatablieh that thee, . ot the different olaaae 

en haaege GWh, 

beter . . 1t, 

olassea• ( or tri.U, 

an aqua.re 

ftua the •an...-.- ntl'd..D 

1mala wtth1D las 

fv ea.oh age olaes 

Yanatt 
T 

D4e 

4.f'. 

,if 
....,.,..._..,·u· ritJ:dn oJaSMaa 28 

for eaoh 

( de 

~imtfem ot ... ..,. •• illiV 

Id.th -ffq8Dt 'h:l~IOGID 

JJ.tenaU.'"1, • 

t 

•~~Ml,IIJUG GD whloh 

oanled out, befOlNl 

f oll-•!.Dg f om ~ aual.J 1a. 

otal 

9 

140 
(149) 
1'0 

299 

t t of h D 1tJ Gf YariaD08 

te hetff'Gl:"1DeS.t7 t aiat• the 

..ii, t• - •tlCU.ft• • 

t ~ 

. olua BIU!Ze ,t. 

J>~fCllll.e 111-DlllllDHt,J 

ti. ~Ji..-o,daU taaatr ... -. 

ltkie~ t 

Mftle4 t 

- deQ _,_a&e4., ~•"• U ll• WQ •• 

ta 



o blned allCM.I 

ID the aDB~aS&, IDINUHl:iree WS.th1D eDCl W9f,ll,II 8Clll&1N 

ue4 •17 to ula. DUWUJU'Q. dffiaUOD ~ 

teoba1qae ffe% all v.u~~-

1'!18 •~~ - ft le 4 

• 
In tu ..... at d t e •~teot. ~ oea 

1D4S.Y14ual. n tea 4- b7 P lJ1Dg ~ 
WIU81 farm ot the t 

ta X j a, 

• n: 
i - d1f:faez,:tDGIU IMl'1'9"t':fnAD pau of IDClli.DS e 

D • 'bar ~~zoaae. ~ts frca wb1oh eaoh an oal.oulat • 
E .a .a. • Ki-ror __ 

anal.7818, aDc1 fr 
derived. 

(ar,tme,ls w1th1D olas ) fr OCDbilled 
oh the appropnate clepees ~ freed w ze 

DUfueDO 

1D the ana,]7 la of YBl~ISQ8 t 

h t•4 1D ti. foUVll<i..,.t.. 

l • i 

tt 

olaas . ot lDOl.ucled 

olas 

... 



QJ!Ellilli!'.Lted, bJ Jotn1q t 

a ba1gb.t lib -, ~.u.u tb level algD:a.o~li'ruaacte 

1D t uval • 

(b) •~ J.llpt• ~ -. . tue.e Showiag a ~ 

:~1aoa Id.th 

4eDote4 

t . ID24i>Ul8P • fr • .nati. 

411r1Dg O\ll.dt.ua,., DQlmtliJ. II let postU.GD tor animals atandln 

la oenJu U with - t a togetJier ta, to oalo te the 

poastble •par Dt 1DOro 4-ue to pnailng• a :toll :-

• hoof nth toea a.llJB:!1 X 100 -. of 111th toes tc,aeth&r 1 

The wvcua a was 

oaloalat.•4• t the2" tl:l th ataD4ard •near of the ~U;J 1.Dore s , 

and lnolwle4 1D the 

estima.tea prvnLo.a~ 

tio1»a 

au £.or the t a t ther data. 

1IKU.oat1on ~ the » 1ble err• 

t a 

• b.~ND~ O~OQDU4 

az,1HHi1JI' tao111t, Ill t taeat, . 

1 11•• a1tt•la. t "~ 

* t -·• ~•"•-e 

t 



s. • - S Ddard error d an. 

C.L•a. - l?vM"!No8\10D OODfl4etlM 1tm1ta. 

.Adj.C ~ .]1:1,11i19111'1- olaaa ~eR-DOeJ da•tt.D& U. 

In eaoh the aum t e tbe o1i r olaaa, as.nu tu 

, pr olaa J heaoe uu1~tt..·w Talue wen p st.ble. 

olau 

l. ef the nsulta ot the alat1at10al 

** ; p< 0.01: * l < 0.051 ( . s .); P? 0.05. 
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nu 

fte re ul.ts of 

aaurementa of hoof c.ring area, atatl h et l d,: 4 ult 

atat1o h o.f l. d• 7V n res ottvel7 1n otlons 1B and C 

ot this ohapter. OWi ion (s otion D) ~s nt1De to 

faot ~fe t1Dg 

A: 

l. Teohll19, . s 

Bear1D 

teobD1qae, TeohD,1.Q; 

omolua1on re o 

l:.lW4~1.cwd b1 th. plan1met r measure ot 

ept t t 2.D C Dr1ir.1.1r:1Dlt!t th the 

t II ( 8 lll)~ onl.7 one 8U'8m8Dt 

was de of eaoh t. 

2. Result 

Tb or1&2,Dal. b .......... ~ area data ar, reoorded 1D Appendix 1,. 

Class, d sabolass met:ms.- ar given 1n h l.e XXI, 4 1D 

grapb1.o l ~ 1D 24. 

(a) FAA!!1D& 

nt. 

1 thSJ) OUJIHJ.&,IMJ1Ht&I 41fte:n 

mea-iraa (~an. XU)_,._ . .,. • ..,~bl.a. 
taent 

t \ WQNMDta 

tor oh aa.v•- n u-eau•a. aa ed1Darr 41a; 11 

wlth1D ace Ola 8 8811.U'l•s ~TarS.aae ( llle-- .. 
rd• t. 

totai,M&ueMDt 



- 3• 

bl.e 

(wa1ta Cl• lD.) 

AO (7 - ) 

CL s s T T (R) 

s . ean C.L•e 

TUBE 11. u.o, 11.89 11.74 ll. .04 11.82 -0.11 to.10 

,_DWI 10 ... 10.,0 ll.14 u.12 10.37 11.u -0.76 '!:o.40 

. 5:9 9.60 9.,1 9.J6 9.59 9.3 +0.2, t.o.,, 
1.11 1.01 6 .J8 6.36 7.12 6.J7 +0.1, to.,2 

CALF >.42 J .41 ,.,, , .,6 3 .42 ,.'6 +0.06 :to.12 

Tabl XXII 

1th1D e Class Anal.Jae o£ Vartanoe of B ari.ng 

CLASS 

d • .f. F ., 
7.016 4.,, .... 2.791& ,.2 ... 4.'°7 ,.oo** 

.no J.6.59** 0 .7958 <1 

.. ,2 .9022 

o. ,,, 0.027:,1 

+ .11 

A G s:. 

11.,, 
10.1, 

9 . 48 

6 .74 

,.,e 

- OLD 

1 

• '2 

• 

0.91' 

CLA s TO~AL 

s. • 

'to.21 

"to.1.1 

to.21 

'to.12 

1:o.04 

F 

dj. 
ola.ss 
dUf. 

-0 .68 

-1.27 

-2.74 

-,.,, 
-

0 .14316 

0.0,16, 

o.049,9 

ults 
t te t 

• 

•• 

•• 
.. 

flt 
2. 

<1 



beneath ~1• mi. 
a1'11lt, to tbat •~un1PY. 

• tS.te 1D41oate a eSmllar n t­

Pari ll ( 

OOD luU4 t t 1D . olaaa tlla ta hld.1tll8 ~ .. UlllrelMDt 

was aats.a~ tor, a U.t'tl.e alten 1 tba tee apna.4111& ueatmeDt. 

(1>) ~rea .. a Be~•n:n. 4a lthia y Claa 

'l'be dUfereu 

an llat 4 1D Table 

nn-1~._, •. n the aeaua for D4s • 1th1D • olaaae , 

( poa1tlw ai.p 1DUoat1Dg tb8 front end 

•an t the larg r). These r eulta ao4 t resu1 t of the 

aneJ,J-al of Yartanoe (1Mal.JAv XXIl) ma:, be awilltlBr.lsed as follow :-

tun d1tfe:r 
l-year-old •• 
2-,, a:r-old •• 
l-,ear-old •• 
Cal1 •• 

It oaD ml7 

( 

a1.gtJ1f1.oant 
highly sip1.f1oaDt 

d ae tln ... .. 
non s1gDU1.oant and pos.1Uve 

highl.7 S1gD1f10&Dt •• •• 
D s1gn1.f10&Dt •• •• 

small 1D {Pl1tud) 

VUl,..,..4ed that the relative bearing areas a£ 

front and re ho s ,m.,....- eeo ge olaases. ID a.eral t 

rear hOOY98 M,ur.~r lD ,-,ear-old 1ma1 and older. 

In 2-.aa::r-iild, 

Dia wS.tbiD 

Uae 4Uten 

tu&U 

tlaeN 41ff'e,ftJllNJB ... _. 

fr t feet tend to b tba larger. 

0 Olf8 that 

• ID 

rl>~~M~U!!H!!1.J!Bl!!!!~:AeY!..9Cl:!9&8!!,.8,.!!!e!. 
•aaSMla OJ.aase • _.Ill •Q.IMu:IIIDt, 



~ .ace ola ses on atoll 

oaffS.ed wt. Thua• 

bi U.088 

ght :,, been 

t~GD a:ppe . 4 

applloabl • 4Ufen1naE1ta 1.letween olaas aeaoa wen t ate • ws1D 

th• t tea~ mo4U1ad t laeterog u a vans.noes. 

gr pa t tu live per out lfl'el. All the 

re-.SD1Dg 4U:fere 1'A1hrAen dJaoeat o • ( ne XXI) 

wen h1sbl1 lgnU nt.. 

:,. D1aouaa1e>1H pneoa d esults traa. GJ p 

1 an4 Grwp II 

The age olaas lrean.ng ar a means ware smaller~- the 

Grou,p Il 

1. The apparent deo 

the front hooves (Ta.bl! a 

· 1D all sea ~ t r for 

and. VIII). Thlls the atatlstioal 

anal7 ssh• 4, tllat I.D the atllft an,rnala o£ GrCllJ) I, the 

front hooves n .ww~~ than the r r, whil :lo the tl&1'8 

C 
Dot he of 

fr et 

'& NMhlftO. tD uus • .u ha( 

the 

ft.ft 
. ) 



t 

c .. • Boot G.1 o.n 
( q .1D.) (Sq.1D.) 

, 
7 

2, 
,, 
91 

All 
Cowa 

+ Slight 

++ bcl 

BL 1'.2)0 
BL 1'.405 

n 14.0,, 
BL 12.w 
n 12.605 
BL 11.960 

J'L 1'. 300 
BR 12~9, 

FL .88, 
i,.700 

ProDt 14.02, 
R u .21, 

!the 38188 ·0Daltt&QtD 

u tu -.. ... •am~. 

11.,1,++ 
u.14, 
u.,9,: 
u.a1, 

++ 9 .210. 
10.91, 

10.1~:+ 
11.990 

13.690: 
12.990 

11..218 
12.,0, 

_,, 

(0.1-0.n) 

{Sq.1D.) 

, .• ,, 
1.660 

2.100 
0.1,0 ,.,,, 
1.-04, 

,.1,0 
0.405 

1., .. 9, 
0.110 

2.80, 
0.912 

~ezeDt uracM-G tlf l!a1Sl1~18D'U, aa4- the -•- Ull'l8U1Ut4 to 

9 tu.,..'°"" QeaaMtK. 

U. data 1D omJ 

h h h tr 

AIMIIMtiMl 1D detail. 

tea4. 1DUY1,_,.... .... 

h 

-·- atJ1t1'18,17 4lfta:r1:1nw:. oaata flt 

1t.n ••tha later ID GP1111rn ll. DU~ nnaaia 



beele ot. tu hoofl.eta• · deeo1•s:a.4 as •uel aeeJ.•• • te 

1841 t tbat a 1 softer elaat10 ttesae tomlng the 

he 1 • bul.1> ~ tile hooflet had ·Ollff84• ~he l'UDE~•1Dg aurtaoe 

., blat hoof' wall tuh ppeare4 unatti ote • 

•Beel eree1•• OOOU1'84 fiD1.7 1D t bOfl'eS of Group lI aacl 

Gft 111Wr&114 1D hat A0411V'G,8. when the aa oo.1ati.GD wltll deoreaa d 

bean.ng ILrl!sa waa, iDUoate4 i.D !able XXIll9 -oat qparent. 

- tor ne d to t :faotCll"iq aoe-owat 

for the D al. 49CllM~ilGO So IJearS.D area 1.D the alder e olaaae , 

aad tor tile greater t1M~:U1A 1D bean. g an of the f~oot llocrna. 

Reel ~ J.OD was ot :nan t 1lt l-,ear-ol4 or oalws. Its 

pre •DO• 1D 2-,ear-o14G aed 3-,ear-olda was oba :rn t aot 

· peoUi.oal.17 etllilttd . 

It not J ,t.'bl.e to uet l'JD1D the o -118 ~ t heel 

eroe1on. D reaogot. 

not aoo p.o1e4 b7 

- .......... , and th 

et~ ot. p 

t t oil OG!lU~~: 

dvlng hoof oul.d1n1b heel eroe1cm 

tip of di.aeaae or di.So ort to the 

o b au unimportant o oe eDV1r ntal 

981138 was a aofteoj.og of the hoof t WI 

1D th t r • t , ultiD& 1D 

• t h 

l the llllllllnt 



. s nc o IJl&D 

1. ohD~q,aes 

lgblng teo 1(1 

tnoGQ tl.Dg the m-..-.-.. 

de onbed 1D C pt r VI 

o ade4 ( 118 4 120). 

hwt end, rear Dd, t , bodJ weight• nre talatD in 

cluplioat for h aaxtmeiil.. ~ 1mala wue l&hed 1D •• 

dlnotlOD ••r the • Du»lioate n ta were talteD "1th 

onl7 a brief 1Dtenal, f ziepoalt10D1D the a1mal.• men 

oh. lldq o•s iab,ed 1:aet •• 7 a.m. d 

MM111Vd1 iatel7 tar ...... ww ... ~ 

Y. rlings n at11n at 6.,0 • • an 

we1gbSng o aoe4 at 7.30 .m. 

CalT a re •v,.a,a,wv.• to th --vst half powad• GD a 

11 ... 11::~.a platf ovc:w.u w 1gb1ng rat , an4 aw D plattom 

ln'el with the soales_, onabl d fnnt and rear ights to 

asured 1D the s aa1ilUUr for the older ttle. Cal.TeB 

w VA,li,118 • , J• • Ulllecl~tei, ~ n 

1r t Z'DOGD ~8 

Poaz ••Hh 
Doza&l 

na~Gl'Cll9:4 1D l.»,MIMIZ 

Gr Uaa 

1-cla . J.D 

-LDh ~---:r'lllar 

•lu 



of I. 48 . (unit l. . ) 

·tuml 4 lo 

FR TOTAL 

Gt; s l. ·- 1ghing () . igbt ng • ( ) ( ) AdJ . 
Class R sult 

l 2 1 2 an c .t • • ' • D1ff. t t st 
,, TtJRt; 400.l 401 . l .}'6. 0 336 . , 4-00 . 6 ,,,.1 64., -'t9., 

+ :59,.6 ,29.s -12 

ta.9 
2'. 0 

3-Y t. :,71. , ,1,.1 ,oa., 311 . 4 ,12. 6 309. 8 62 . 8 1.2 
I.o • ,11.2 ,os.1 ,,0.2 %.2 : ,2. 2 

2-Y ' at. ,,,., ,34. 9 2a,.1 2a,., ,,, .2 2s, . , ,1.9 + ., 309 . 3 
t.,.6 Lg. ,,, .1 281 . l 306 .0 ~-~ .o 

122. 4 
1-Y ' t . 20, . 9 209 . 2 164. 2 163 . , 207 . 6 16J.8 43 . 8 1a, .1 

+ Log. 207 . 0 162.8 183. 6 -,., 
+ 1,1. s 

C N t. ,a.o ,a., 26 .4 26 . 9 38.l 26 .7 ll. 4 - 1 . 0 32..4 
to.6 Log . , a.o 26 . 6 . ,1.a 

Table VI . 

W1th1D age ola s Dal.Jses o£ Variano of atat1o h of l •d data . 

A G .w CLASS 
SOURC ~ OF 

.f. 

14 17119.0 ,. 41.72.6 2, 1·• , . 7.91** 2,. 9 1. •• 
(29) l 6,039. 0 212.1** ,909,.0 227.,•· 404'6.O l. .i** m. 244., .. 1 ,., 593.4** 

14 2.9,. 2 .o 222 .2 111.1 , . 1.4 

-- .__ ... 
,o 2 . 67 22., 21.40 0.9127 ,, 

.1 tt. + • 6 ~ . to. 



y 

s + (z) 

.) (lbs.) 

".1 ?42.0 • ,., 

,~ -r-oi 

2-J; old 

1-,.e 

Call 

oh sou.re 

d to suehofl 

total bodJ weight. 

Front and Rear ED4 S r 

Olea 

ta S.D Al)peDdix , 

f lD t~ ...... -..,. 22. 

() 

f 

( bl.a ). 

tust 

t 

(Uet 

.4 684.0 + 1.6 ., 620.8 + 2., 

J ., 371.9 + o.6 
64.8 64.4 - 0.4 

ly gllgi.bl.e b s 1n the te 1que 

, when used a a tllo4 of stimatlng 

D , fr the a tlo hoot 1 4 

; 

u y 

tle ~ t7 ot 

-



lla1ntaJ.n1Dg the aa1mal in the •atats.o• stano clurlng e1gb1Dg. 

The 1Dd1oated rei,eate.bilit7 1a nevert leas higher tbaD that 

obte.1.ned 1D Part II ( ge 124 ), probabl.7 as a r su.lt CJf 

l1m111&t1Bg the ts.me 1.nterral bet en repeat 1PtgbSnea. In 

the lf age olass,. the Ughter aoales gan a higher rei,eat­

abUJ.t7, though 1D rela.lion to the mean th1a repeatab111t7 

waa llghtl.J' l•er thtm 1D other olasses . 

(b) DUferoDOes Between b4s W1th1D 4aes 

11th1D a oh age clo.sa, the mean load on the frat hooves 

was highly s1gDU1oantl;f .great r than that tor th rear 

(~hles XXV ud XXVI). As would be expeoted,tb od dllferenoe 

was great r 1D the old.er {and an.er) age olasses. 

The within age olass anal.7ses o:f varia.Doe (Tabl XXVI) 

also 1Ddi t d that re were b1gbl.J atpifloant d~er no a 

betwe D t ana for anJmala 1D eaoh olass. 

The 0 a.n1mala td.thlo olaa es• 't"arktloo s oaloulated for 

each ag olass as Gd d 1D Chapt r VII. ~ tu eJ.t,-

f ~,av var1aDo s h , t t tlle data .lrGIRW. d to 

logarl ~naa.r-· 1 ol.4, 2-zear-ol.41 1-..plULIC"-..LUA and 

in ble llYIL ( ·- _Ll[""'C.>•­

thia •~i,.1,1116 

'b1De4 1n tbe QUC'/W,,19, 

te t d AClllQgtt.118 

wca.ii.u.- 4lf. 

n --e,...-1 t). 

• 0 .. 01282) OGUJ. D 

-•£H~- ...... G (1 • ..,,. ..... 

Olaa 

S.tla aoal• 

' 

W.a &11Bl7eu. 

1-0ll48 ~Te4 '-r the 

RD lD 9'.~, XD'. 
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Table XJVII 

Analrs1s of Va ia'lce of f! tatic Hoof Load Data for 3- ear-old, 
2-year-old, 1-1ea -old and Calf Age Classes (data transformed 
to logarithms.) 

Sou;•ce or Vari.at on d. r . ?- s. F. ... 
Age ii 13.610 3594.9~• 
End 7 o.6440 170.1•• 
Age X End 0.02695' 7.12•* 
r nt erac t ion 
Animal s . ., t h in 112 0.003786 

C asses 
( Total) ( 119) 

. easures w1 thin 120 0.00009363 
Rnds 

Total 239 

Standard deviation of measu~ement = +3.53 
-3.45 

The standard dev a t1on or the me surement technique 

( recorded beneath Ta 1e ) sur.mar1zes the r epeatability of 

the two ve1gh1ng techniques over the t our age classes . 

In the main pat or the comb ned analrst s , 11 err cts 

v r e 1gbly s1gn1f1c·nt. The h1ghl 1gn1f1cant ag by end 

interaction tndle ted that the relative gn1tud ot t he front 

nd r ar e ana, on th lo r1t scale r1ed fro cl 

to el s. On the 1 le the 41ft r nees bet nth 

) er bv1o al e te n t h 

1 1t1c t nd err ct ind c t 4 t t t bul 

-.cauo tor nds err nt - 116.61 r P = 139.1) 

l n tlc ntl dltter n. 

re 

1Y••·· t 

tr 

• l · tabl s 

lt ot vi n 

t t t bont 



hoow •~ the Jersep aupport a ater hoof lead than tile 

nar hones, and that t.hls eod 4Uf r oe S.s ater 1D haarte:r 

olaaaes. 

There were also 3h • to be highly s1go1f10ant d1f:f; ren s 

· tween the age olass aeana. The use of the t teat sbond that 

the.re were h1ghl7 aiGDUtoaDt dUfereno s be en all olasa 

means 1D the o bS.Decl t:WiliJ.iJei.S . I .n addi.tlon the us the 

t test, modified fGr uta-ogen ous var1aDOes, sh01Jed t,bat the 

ditferenoe between tho mD£WS for mature and .,_,ear-old classes 

was not s1gD1f1oa.nt . H · ver the 4Ufe1~n b ean tbe ans 

for mature an4 2-7ear-ol.d olas s hJ.ghl.7 dgnifloant . 

C: UUIT STATIC HOOF LOAD 

l. thod of Caloulatieu 

Two 1.Ddependeot oo tes or stat1o 11111t he~ load 

(•alt 1· 4 ) N \JU.111NM1wo11Ated for ea.oh hoof as 4. ~his 

p 1b1 , beoataao all oof l d d _._IIH t t 

. • ~ folln1D& ~U.,.W,a.Aa :-

• 

la U uibll:1~ .'tllt!lll::144 .... 

'rftllt.a le :pr bi, l e 
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ble llVllI 

Stat1o Unit Hoo£ Load (units p . s .1. ) 

( - R) AO.tr C u.r.AL 

AG ( F) (R) Adj. 
CLA s tan ean ean C.L•s . Mean s • ..;; . Class Results 

.u1ff. t t st 

TUM 18. :,0 14. 21 4 . 09 + 16.2, to . 42 -1.,, -
0 . 26 

3- Y -OLl) 18. 05 1'. 94 4 .10 to.a, 15 . 99 'to.JO - -.-

0 .41 

2- Y.6 - 0.LD 17 . 60 15 . 22 2 .38 + - 1 . 01 16. 41 'to. JO 
2 . 59 ·•• 

l - Y;:,i'Jt- 0.LD 14 .70 l2. 9J 1 .78 + U.82 t.o.,o - 1 . 00 -
!o.19 + 9 . 01 I** 'ALF 5. 59 4 . 02 1 . 56 4.80 . 06 

Table . 

1th1D e Class Analyses ot Va..rtanoe of Statio Unit HG~ L d Data. 

AGE CLASS 
~ F 
I . f . 

F F 

u 62.99 2.67* 20.97 2.2, • • .,.29 ,.'!>&* 27.71 l ,1 2.79• 

(29) l 1004., 42.54•• 1009.2 107.4** ,, .. 91 2,.,1•· .07 14.3,** 146,6 303.l. ... 

14 2'.61 9.l99 u.,9 u .1 0 

o.,490 1.0,9 0.6122 1.4 l o.i.,, 

ti 
to. 7 to.,1 to.,9 to.20 ( . • 1. 



ID the unit l s 

bJ 2 wa 1tted.. 1'be s. t1at1oal analy s :re oant. 4 out on 

thl:s omed c1ata. bar an neana presented ~~ 

2 . B ults 

·flle an unit l 

g1 n 1D ~ble llYlll 

(a) llepeatab1lltz ot 

for age olasses and subOlasses are 

f 2.D ftgm:e 23. 

2!le tandard d rvia-t1cms -Of the n?f~mAnt Jm1qWt1 

loul.ated fr th2.D a s a.ualyeea o~ vanar»e (kblo XXIX), 

prc,v1.-da t tea ef tho reptatabil1.t7 the a&\U'G nt 

te-oho1qua. though &Erioi!'S fr two souroea oootr1bate to the 

UrtHDBnt, t t olm1q11e appeared. aat1s.faotory 

s r eqld.red. 

1th1D yes 
V 1th1D eaoh ago v..w.MMJ,- the f.llVc.w front D4 wa1t hoof loacl 

was htgbl7 s~i nt13 ater tbaD the an na.r D4 unit 

l 4 (Tables llTlll ). ~ end 411:f renoes re 

greater SJ> the older lass s. 

wttblD va.rlaDO also ah 4 that 

l.7 1D r the 

au ....... 1,8 liil.glltU:1.11111iDt (»< o.o~). clU:1!ere• 

C•)e~y_~ot~c~!!!a!il!!SLM~:!!!U!!e. 

n 



X Dd 
IDt raou 
AD dtl:wl 

Classes 
(Total) 

Bartl.ett•s test 

for this grau.pin 

-1'6-

t1-o U t Hoof L d Data ~- ,-7 r-ol.4, 
Cl.a.a •• 

d. t . • s . P. 

2 464., ** 21.4'** 
1 , 1'62.2 62.90. 
2 f!rl.46 4.04 

84 21..66 

(89) 

the h ogene1cy of the e:rr var1aDO a 

old.-aqua.n of J.18 (cl.~.- 2) whioh was 

non s1gn1f1oant . ta ~nr the ture olass (er.ror varianoe 

olasa ( rrar var1aao •0.9172) 

not 1Dol.uded 1D this u.u;.u,.;y81 • 

The si.gn1t1 

t ratio d the d UI\K.W.,V w1 thiD 

""8 t o 

clifi'an 

2..p1.ar--a.1~a. t 

Q.iMIIV ,.. ,.-on-..,.. t 

~) 

0 

1D ~bl d, that 

lalllHI ~ 

(:tnn • 16.7 J 
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The . pplloatloo of the t test ~1 d fe hetorogenema 

Yarla.Doe• hos 4 that th 41.fterenoes be HD oalf aa4 1-,..a.r-ol4, 

an4 'bet o ture aD4 1-par- old olassaa, re ld.sh17 lgoU10aot. 

H Y r. the dlff DD a,s - ·,-eD tue 4 ,-,.ear-old, a 

tun a.ad 2-p~o1d olaaaes nn DOD a1gD1floant. 

Th t IIMSCHl8 f r ola ocimpr1. 1Dg herd • dld 

not d1fter sigotti, nt17. wr th unt.t l.oad for l-79,a.r•-ul.da 

hi&hlT slgn1f1.o&DtlS 1 r than for these aae olaases, bat 

b7 le s than 2.6 p •. a .s.. 1D all oomparisons. Tlle u.n1.t l.ead for 

oalns )4.ghl1' atpttloantlJ ~er again, being l.J 

It was thu.s · p, ent that pooling the data for 2-7ear-old• 

,-Year-old and ttae 'u.&,l;~.::~a, to provide an estimate for 

•beri oows•, woul.d sw:n:a:~w part of the resul.ts 1n a 1not1oall7 

01'8 useful. an4 ws.4el.F o.pplioable form. The an Wtlt l d f 

16.2 p .a.1. (S.D •• t. 2.6; nwa 

1D sample • 5; 4 e,~J!'lau1etlona per oow). 1!he 

ple U.6 - 2'.7 • • 1. 

ISCUSSI 

aocc 1-4 ~ • U.-4 ~1,.-,~·t u 
~ ateallDa.01ta 

(C tv 11.l). 

~t 1 

8111 • 



Tb:N po1Dts ma7 be ez~Lned: 

1 . file estimates ta1D d tar ho~ bea.rS.ng area. 

2. ~ ·AA1t!'l-ffl~Hlt flbb~Jlri hr hoot- l:cad. 

J . The :,:roportt.cma11t7 bet en b ar1n& a:rea anc.t hoof' lead. 

1 . Ho.of Beaz;;lDa 

r tban the 

attr1bu.te4 

to a lleel. e:rea1en f aet w ob& rYe4 1D h ri oows of Groa» II a.Del 

speoUioal.17 atwlled to tlP!e oow (Seot1GD A. , . ). This 1 

or ma, n°' be.Ye eo e. gular eea.eonal ollan@ • 

2 . Boot Load. 

1!be animals ~ Gr eup II re ighed dur1Dg tbat portion of 

the lao t1cmal season• at hieh campbell and Fl.ux (1952) .found 

the boq wej,ghts of le.o Ung Jersey an1mals to be the low st . 

TJma f• rd oows r.JOE.U body we18}1ts obta1Ded were l• r than 

the oorrespcm41Dg me:ms ~- Group I . Further, tb actual eat t a 

obta1Ded for all o ae flt Grou» II ere 1n the v1oiD1 t7 of 

t n per t lower t oones panding 1111113m i,orte4 b7 

11 ara4 l'l.u11 ,A,l;'ilUUCUt :r th1a °"'551SBU t bOtQ' 

\ 1 tea Ol>1:allao4 1D Gr II wen, U ,thbg, 1caq, 

IIIHj...,.. Fwrrtll~rlD01!0•, lD J:a b • t 

t 



a and. Hoot 1, • 
In t ture an-imals of Group II, the smaller hoof load 

aoooml}aD.lecl bJ' _the · an.ag area, Th-lded a lUJ1t hv« 1iail 

stima.t s1m1lar to tbat tatned tor Gr•p I . In 2-year-olda and 

,~ar- olds t · de a.so i.D bean.Dg area ore than oom»euaat d 

far the amaller loaAuxma, o that 11111t laa4 eat tes were 

alm t 2 p.a.1. ~D'!I.T;er for Grou.p II.. ot ocxupell8&t1.Dg 

aot1on• U 4 to 1 u lo» ocd.Do141q with a Dunu.a. seasonal 

redu.ot1on 1D boclT n~t,, a.pp red. aoo1dental; b11t both ebanpa 

OCM.U.d b aeasoual. 1D 001001J~DOe . 

n the Y2 flass a af GrouJ II a ooo tant proportlon-

D hod 1 d GDd bearing ana appe d to reaohed 

at the 2~ea.r-old olass ~ aad ma1Dta1oed 1D ol.d r ag olaaa s . 

In 7ounger olas&es tba s learly no linear proportione,Jtt7 

betw n lad and bear1Da area. eight 1norease4 more rap1dl7 

than bear1ng area, »w!:"C2owtarl7 bet n oalves and 1-,-ear-olda, 

nsw.ttng 1D a rap14 11>e,ro"a,s in unit heo.t l d . 

Be n ends within Ml o sea the front b.eOYea ft hon 

onslatenU, t &11 p.-t Ti.er h ·ot 1 ti. PA.si1• hoov s, 

· k 11 

1' 1 , • 

the ~-,: ~ •• , . " t 

bod.7. 
. Ut U,. _'lil,ater 

11911119 •-IJ.1aL8t • 

~ ..... -._.t 11.a1nara -IU!'l\ 



-160-

dlzeot exoe;pt.1ans. 'fhS.s ocul.d be at~buted to gre ter be l 

eros1e 1n the front h sJ pr b an e.nrtr ntal., rather 

than an inherent hoc:4 si feature . 

on o 1-usive the ev1denoe obtaJ.ne4 £rgm the asll1'8-

m Dt of bro dth (see later) . Breadth, d :tined by the d h~ 

wall, was Wlaffeoted 'by el erosion• and proved t be Y1rtuall7 

1n4e 11d nt ~ oantou.r ight . The as.its showed that front 

hoov s b:reader than the rear 1n all olaaa••• slgn1f1oa.nti, 

o 1D 2-,ear-olcla a.ud older. i'h1s 1mJlhd that t . ba.51.o atnotue 

of tb.e frODt hoowa s prop Ueed to aapport the larger load. 

Thia d1d net o to t\&11 expres 100 1D the 2-7 ar-ol.<la and 

~ Gr p II, due to gnater heel eros1oo 1n the 

trcmt h o s , probu otal effeot. 

It 1s 1Dtereat1DB to oote that the results obta1no4 bJ 

ltelly (»age,,) a.fl i.n general agreement with tile ab • 

(presuma.bl7 b el r ion s ab ent 1n U,•s a.n1mals) 

Other oa s variat.ion 1D unit lead be poetulated. 

Changes 1D n •till. 0 , prepano7 and de sa or 

OODcU.t1GD of 8D.a.us;.i ... nre fU'thar taoto;r t W6,l:!;,J&t i.Dfl: DO 

wdt 1 . • It A,PUIKllii:U ·'ha•- t t the • tlaate :Of -.rlat1 

vo1~1,D1111Q. ll1ll be QD41&J~Gal• •ffer theft ---. Obal ... 

llllll.U.pll lt t llrf'ol'N wUl• on 

l r II, .,. 
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CHAPTE Il 

H()OF LENGTH a HOOF EADTH i 
ENCLOSED AREA OF TFF. HOOF. 

The measurornents obtained or hoor length, hoof' bread~b, 

~nd enclosed area, and the stut1st1eal anal~s1s of the 

~easure~ents , f or ~ t he subject of secti ons A, Band Cot 

this Chapter . In f~c t1on D the main differences bet en 

the age class ~ar1anees for each set of hoof measurements 

are surm::ar1zed . Tho d1sct ss1on ( Sect!on E) 1s eonf1nod 

to factors affe-et1ng the esults , and to relationships 

between the resnlts. 

A a HOOF T,E' JGTH. 

1 . TechnS,orgs 
Hoof length wa s asured v th the hoof cast levelled 

1n the mehsur1 nc bo~rd. Two straight ed ~es were used to 

dem .... rcate fr nt and rear terminal lines, r..s de fined -- n page 

;2. he distance between the mid points or tho terminal 

lines we. asured with friction callipers , to the nearest 

one tenth of Wl inch. 

2. 

b or 

and 

l~oot 1 ngtb 4 t er cord~d 1n Ap nd1x 

• Cl C SS 

nd in gr pb1c to in 

r pr nt d 1n Tab e 

r 25. 

I , 



G 

C L AS 

MATU t' 

3-T.iAR- OLD 

2-Yu - OLD 

1-Y · Jl 

CALF 

~Gale 

at. 4 . 01 
L • 
at . 3.91 

Log . 

11 t. , . 16 
Log. 

Nat. ,.,, 
Log. 

tat . 2.:n 
Lo • 

0 .20,0 

(29) 1 0.1,,, 

R 

Tc;e 

• T. s . 

4.ll 4. 27 4.:,1 

:, . 95 4.18 4 . 26 

, .a:, , .19 J.81 

,.,1 , . 16 , . 21 

2.,, 2 . 28 2 .29 
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'ble 

D B f 

(F) 

4 . 06 
4 . o, 

:, . 9:, 
:, . 9:, 

,.so 
:, . 79 

,.'6 ,.,, 
2 . ,2 
2 . ,1 

I 

ngth (in.) 

( 

!lean 

(R) ean 

4 . 29 -0 . 2, 
4 . 28 

4.22 -0 . 29 
4 . 22 

:, .ao o.oo 
, .19 

,.18 +O.l.8 
, . 17 

2.2s +0 . 04 
2 . 28 

Table --I 

) 

~.L•s 

to.11 

!.o.12 

+ . 10 

to.01 

'to.04 

1th1D g Class Daly s of "l r1aDO of Hoof Length 

A G E C L A S S 

., 
0 .1373 0 .1744 ,.2 ... 

. 1,• 1.232 2 .1 0 . 0001 <1< •• ) o. 

AO CLA · s 1'C,TAL 

dJ. 
s . • 0 s osults 

d1tt. t test 

4 .18 - -
4 . 16 'to .04 

0 . 09 
4 . 08 - -

I 4 . 07 !o.04 -- * 0 . 2a * ,.so * - - * :, . 79 to.04 
0 . ,2 I** , . 27 -J.26 to .o:, 
0 . 97 ** 

2 . ,0 - -2 . :,0 to.02 

., 
, , .o,•• 0 . 020'6 • , . 61 

21 . ,2 .. .oi, 7 2 .9 ( .. ) 
lA 0 .0974:, 0.04,74 o.o,, o. '1.77 0.00,,9, 

0 . 012 l o. 

• to.:u, to • 
. ) 

• C110 to. , 
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Ca> :ai, :roe suref\d!ng n:,a&a1at eD4 Rene a u111sx: .2f JJ.oMPDmw. 
The spreading treatment appeared to produce a negligible 

increase (<0. 1 in.) in mean boor length in each subclass 

{Tabl XXXI) . Thi_!_ effect, even if stat1st1cnlly- significant, 

va.s of no practica.1 importance . Despite 1ts incl usion 1n the 

s tatistical analys1Et as part of the errors of n:.--easurement, 

the standard deviation of the oeasnrement teehn!que within 

age classes (listed bene~th Table XXXII ) indie~ted a high 

repeatab111 ty . 

Cb) u1rreranc2s Betweeo -ends ~,,itt in .~,e c1asn~ .. 
The d1t fe ences between the means for end wi thin age 

classes are listed 1n able XXXI , a posit ve sign 1nd1cat1ng 

th~t the front end me4n 1.s the larger. The results of the 

tests of s1gn1f1canee of t his end d1f'fe renee , froti the within 

a i:e class analyses or '17ar iance Table XXXII , :...nd the direct ion 

of the difference , r.t.a:r be sur.ima.r1zed a fol lows : 

Matur 
3-year- ol d 
2- ear- old 
1- e r-old 

C lt 

t h r w 

( 

the cl 

difference significant and negative 

• • highly s1gn1f"1c~nt and negative 

•• equal to Z.er o 

•• highly significant fJ.nd pos1 t 19 

•• non slgn1t1c nt and pos1t1 
(but small 1n nitud ) 

1n len. or the front b a r, 1 t 198 to 

nt m ?-tlr~Ar- ol ds older cl 

1 n rel t1on to 
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S1gn1t1cance ot the differ nces between the mean for 

animals was estab11s ed 1n the 2-1e~r-old c.:.nd 1-year-old classes 

(p<0.01), and 1n 3- ·,ear-old and C' lf classes (p< C. 05). In the 

mature elass these dtrr-arenees were non stgnlt'tcant . 

Cc) Analrs1s or Combined Age Class Data 

The error var ances ("ani mals within cla ses") tor each 

age class ·,ere heterogeneous &nd appeared to be propor tional to 

the respective age class means . The data were accordi ngly 

trans orrn~d to l ogar thms . The mature , 3-year-old, 2- e&r-old 

and 1- ear-old age cla s ses could then be included 1n the analysis 

or v~ri u!lce g1ven in -:>able YXXII! . ( , rtlett • s test of homogeneity 

of the er ~or variances f or t t 1s grouping gave a chi-square val 

of 3. 79; d. f . = 3; which was non significant ) . The calf age class 

(error varia.'1ce -=- 0. 0004930; on t he loga.rithrn scale) could not be 

included 1n th1s analrs1s . 

TAB ,E .,_Y.XIII . 

An 1.rsis or Variance ot Length Data for mature, 3-year-old, 
2-year- old and 1- ear-o d Age Classes (data transfor d to 
logar1 tb s). 

Source of V r1at1on 

X End 
Int ract on 
n1 ls v1th1n 

Cl ea 
0 

d . r . 

3 
1 7 
3 

112 

119 

• s. • 

.1 3s2 104.3•• 
0.003913 3. 01 .s . 
0. 009 84 7.3, .. 

0. 00129 

• -- + 



e ans for age clas ~es and en~ 1th1n age cl ses , 

calcul~ted from the log scale dat~ aro included :n T~bl 

YXI . The se est1 atos differ onl:, ver slightly from the 

arithmetical means. 

Fro th eomb~n".?d L4nal:rs1s of v::.r1ance (Tab e X ·t tI) 

the pooled estimate of the standard dev1~t1on of the 

easu~e~ent technique Wbs; 

+ 0.095 
- 0 . 093 

In the c omb1nod &nal1s1s the bu1k me~s for age did 

n ot d1f"'er s 1gn1fl<,antly·. e age b, end int eract ion was 

highly sign icnnt , r etleet1ng the change 1n relative 

~agnitude of fr r t a nd reL.r ends n tho d1tf~rent age classes, 

seen previously from the wi thin age class anal ses . 

There ere also sho n to bo h16hly s 1gn1t1cant 

d1tf ercnces between the a ns for age classes . Use of the t 

te st sho <=->d that, w1.1 le tho mean for mat ·re an mas dld not 

d ltfer s ign' f1eantl, from 3- eor lds , all other difference s 

we h1ghl_y· s gn1f1c ....nt . Use of' thot test rnod1 f 1ed for 

heterogeneous variances sho ed the mean f or ~&lvos to be 

h gbly s1gn1f eantl d1t terent f rom th t ror 1- oar- old . 

the , an tor 2 

s1gn1 1 antl.y d1tte ent tro 

r l ds as h!gbl.y 

r -o d s d tu 

t 41tfer r 

d rd d v1at1on or 

1 ( < . 4 n . ) , 

co c l e 1 ta. 
and 

tor o p1n 

3.3 - 4 •• 

4 . 02 1n.; . D. * . 31 
a t 
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1 BOO EADTH. 

1 • Techniques 
Roof bread t r. w ... s n11H.sured by ga 1ging , at ap ~•rox1rrately 

right ~ l~s- to too -axis ~ the ho , t-h ::i !!!llrlmu . breadth 

aeross the twin boar ng are~s of the hoof. A pair ot 

fr iction call iper s were usGd . 

2. 1 psults ; 1.'-: es Touthe Data 
The origl n~l measurements of boof br.ead th a.re record ·~d 

in Appendix Q. Since t he too sp -ea d1ng t ea. t ,..,ent p oduced 

an obvious increase in bre&dth , on .. tte t nes t ogether d;,... ta 

was subjected to the us c.nl stat! st cal ...i.n:.ilys1s . From th i s 

dat ~- , he rne r..ns for age classes, '""!1d :.:n• s w th _n age cla sses 

are given 1n i'able x: IV and 1n gr aph1c.:il f or:--: 1n f igu.,..e 26 . 
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hbl IV 

an Hc,of readth uDd r ant 1.Doreaae du to preading 

REAR ( F - ) AGE C L A. ~ s T u T l, 

A G .c. an T s Spread AdJ . 
CL s s (B) Inoreaae ean C.L•s s • .i:; . olass Slllt 

S . E . (~) dif'f . t tes 

in. + 111. 1n. - 1D. + - 10. in. 
, .1a u., 1 . 47 3 . 64 u., 1.,1 0.14 t.o . 11 ,.11 0 . 048 -

13-YEAR-QLD 

o.os * 
, .1;; 12 . 0 0.76 , . ,1 1,.1 0 . 97 0 . 24 to.oa 3.63 0.-027 -

0 . 20 ** 
2- Y -OLD , .~7 "·' 0 .10 , .,o J.4. .5 1 . 26 0 . 27 '!o .oa 3 . 43 o.o,o 

0.,2 ** 
l-YEAR LD 2 . 94 15.7 1 . 01 2 . 88 12.a 1.,, o.06 to .og 2.91 0.,026 

0.96 ** 
C l . 97 17.6 1 . 25 1 . 92 18.7 1 .74 o.o, to.o, l.95 0 . 021 -

Table XXXY 
1th1.D A 17 s of Var n o •T s T gethora Hoof ea th ta. 

p 

l4 .l.14, ,.,1. o .. o, 2.61* 0.04407 
.. 

,,.94 o.o l .26< • . ) .... , .. 
l. .147 6.91* 0.432 36.00 . ,,,, 47 • 

.. 
0.027 .• 12< • 4 ,.:s4( .) 

14 .02128 0.012 .Olll9 o.oun 
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( ) 

V1th1n e ~ch ge cl ss the e bre dth or the front 

hooves wa · cons stently great r than for the rear. In the 

young r classes tb d1 ferenco · s small ( ~ 0. 05 1n.) nd 

stntist1cnlly non 1gnif1cant {Table XXXV). In 2-y r-olds 

nd older , ~ difference as a gain s "'11 (< . 3 1n), but 

s1gn1f1cc.nt at p < 0. 01 for 2- · ea~ lds and 3- ar-old , d 

at p < 0 . 05 ror mature • 

Differences between the . ans f or animals wttb1n 

cl - sses ere sign ificant in rn....turo , 2-yea old, and calf 

age classes (p<0.01) o.nd in the 3-· ea o d el s (p< o. r 5) . 

In 1- ear-olds however , t se di ~terences were non s ignificant. 

(b) 

The variat ion due to "an1ma s w1tl.1n classes" tor 

3- · ea~-old , 2- y nr- d, 1-· ear- old and calf c asse s 

ho ogeneous tmd these age el sses wero included in the 

co b ~ d anal •-rs1s or var1u.nee able Y' • (Bartlett 's 

t st g ve chi-square of 3.68; d. t . = 3: N. S.) Tb mature 

group (error var1 nee= 0. 0678) could not be 1nclude4 1n 

1 • 

3- e r-old, 

4 . t . • 

3 16. 
1 7 0.7207 
3 0. 09763 

112 o.o 3 

11 
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n n~ 1 n hl 

s1gn n , ~ tlect 1 the r1 t1on in the d1tr renees 

betwe n front · r ar ends w1th1n age elas -o • Ho 

a would xpec d r the within ge el s analyses, 

the bulk man fer the tron end wo.s high s1gn1ficantl 

l arger t n t man r r the ear. {Front= 3.06; 

r ar = 2. 90) . T. dlf'f' nee 1n bre dt , ho r , 

slight , nd onl or interest as tho onl linear or rea 

mea rement to bow a eons1 tent end dif'f renc . 

The combined an,. st Table X al o showed there 

er highly s gn~f1eant d1fferenc s be en the age ela s 

means . The uso or t .e t te t showed ttat all age cl as 

means re l',1 gb 1gn1f1c ntly dltfPrent . The t t s t 

modif1 d for heterogeneous variances showed f urther , th~t 

tte d1fter nee of 0. 28 1nches betw1 en 2-, e ar- o ds and 

matu re ~ge cl ss mea~s , was : 1ghl significant . The 

negl igible dif fe rence of 0 . 08 1nebes between m tures and 

3- vear-ol ds w~s non s1gn1f1eant. 

or the purposes of rel ting breadt h measure nts 

to t r p11ng, the difference bet en the 2-fear- ol ds 9 

-o d ant ob i ously do not r t 

d ion into el • bulk n fol" " 

cow " 3-5'9; + . 25'; r - 3. 1 - , .3. .. ·• -
3. 

ro t h r ta "P r 
cent 1 ()ft e 

• er 140 1 

a t e t •r o t t 
' 

r n 
' 

• 
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The tre t , nt proh:eed an 1nerease in br tb oir 

12 - 1, per cent in all ge classes xeept _calves, where 

tbs increase was approximately 18 pes- cent. It can b · 

concluded that the treat ,, nt was effective 1n 1nc~s1ng 

br adth , but due to the subjective natui-e of the tre tment, 

little 1mportanee ean attached to mtnor 41tfereneee 1n 

respon • 

Ct ENC OSED AREA OF THE tlOOF. 

1. resbn1°u, 
One measurement or the enclosed area or each boot 

east was made 1n the same f ashion as for bearing area. 

ront and r ar terminal lines of the eas t were demarcated 

by two straight edges, so th t enclosed a . ea could be 

accurately traced w th the plan1meter. 

The or iginal enclosed area data are recorded 1n 

ppendix R. Snee there was an obvious treatment ettect, 

only the "toes together data r subjected to the usual 

o.nalys1 deser1bed below. 

WJVCKU'I e 1 t d tro the "to toge 

thin e 

I, form 1n ti r 27. 

data, 

1ven 1n 



0 li F 

C l, · s 

.. 1n. 
TU t. u.aa 

• 1.3.79 

}-Y t. u .10 
L • i, .o, 
at . 11. 89 

Lo , . ll. 84 

1-Y,t;. ·at. 8 .56 
I,og. 8 .52 

CALF 4.01 
4 .00 

d.f. 

.o 

.1 ,1 
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per o nt 1 re se d t o p adin 

ean an C.l, •s. 
( ) c,) 
sq. in. sq.in. q.1 • 

l.2.6, t.o.84 1'.98 12.,1 + -1.u -0.09 to.61 
1' . 9) 

l.3 .. 13 • -1.5 1'.24 17.34 t.1.04 -o.14 + .,o 
u . 20 

15.61 + -1.08 11. 20 16.08 + -1.24 +0 .69 !o.46 
11. 16 

19 . )8 + -1.42 s . 06 11.11 + -2.6) +o.,o to.,2 
8 .04 

20.28 t.1.26 ,.96 19.74 t.1.84 +0.06 'to.17 
3.9, 

Tabl XXXVlll 

1th1D A Class A of Varian of ' ol d _",c::a 

A G C LA S 

,.11·· 
< l. ( •• ) 

l. ,.46 

,.,36 10.26 

iQ.,-"47 

0.7324 

1~~ 

0.1687 

AG ' 

a .1n. 
1'.93 
13. 86 

i, .17 
13.12 

11.,, 
u.,o 

a . :,1 
8 . 28 

, . 99 
, .9a 

4.34•• 

10 .. ~ .. 

CLA T () 

s • .1\ . 4.1. 
Olas 
diff. 

sq.in. sq.1D • 

-
to.22 

0 .74 -
t.o.21 

1.6, -to.is 
,.2.2 - -t.o.u 
4.)0 - . -'to.06 

O.UlO 

0.0224 

o.04946 

L 

sult 
t test 

1· 
-

I** 
-

I** 
I** 
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(a ) 

The dl f'ference between the ans tor nds wltht n 

ages re sm 1 , and only ot inter st becaus or the 

s i lar pattern to that tound in bearing rea and length. 

Th direct ion of the d1tt'erenees and t he tests of 

s1gn1f1eanee (Tables 

as follow~: 

..!ature 

II abd x:::: Ill ) 

ditfe once non 

•• •• 

be su r1zed 

s ignificant and 

•• • • 

gat iw 

•• 3-ye~r - old 
2- .vear-old 
1-yeur-old 

•• highly significant and positive 

•• •• •• •• •• 
Calf •• non s1gnif1eunt and positive 

(but smal J 1n gn1tude) 

The within age class analyses al o showed that there 

were highly s1gn1f1ennt difference s between the means for 

an1ma sin all age classes except calves. In t h1 also 

there was a s1m1lar1ty to the be.:.ring area results. 

(b) 

The "ani~ls 1thin clas ses" ~ean square was calculated 

for each age class . Tb se v a nces ~ ere terogeneous , but 

the relation hi to t vas sucb , t t tr sfor. 1ng t 

d t to lo 1t 11k 1Y to r educ th beter ogeneit • 

art ett ' noimo,rerie1 t o t t es ot 

the t r n11 o d n lgn1t1c 

ot ;.8(d.r. = 4) . t s be incl e4 1n 

the a 

Cl tro tr tor 

4 t g I ,. dltte 0 11gbtl t-r t 

rlt t C 1 a. 
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'? BLE XXXIX 

Ana]J, is of arl nee of Enelo d A ea Dat for All Age Cl-R=•~-. 

Source of V rtat !on d . r . t , . s . F. 

Age 4 1.4974 1071.1ft .s . 
nd 1 9 o. ro3408 2 .44 N. S . 
ge x End 4 . 001'718 1.23 

Int r ct1on 
An1 .s w1th n ages 140 0.00139 
Total 149 

In the co bind age cla anal sis the effects of 

end , and o t he age by end interact on, were both non 

s gn f1cant , reflecting the s !"'all magnitude of the ends 

v1tb1n subclass differences alread. mentioned . 

Tho a.ria y s al~o showed thut there vere l.1ghly 

s1gn1f' 1cant diffe r ence between the age ela.ss means . The 

t test was used to show that all diffe nees between these 

means were s1gn1f1eant (p<. . 05 for the difference between 

mat ure and 3-year-olds, o.nd p<0. 01 1n a 1 oth r par1 ons). 

Although the differences betw nth 2-_rear-olds, 

3-year- olds and tur eel ss s were s1gn1t1eant, th 

ctu 1 difference s w re ~t1c1 ntl.y 1 to ke the 

pooling or the g cl s •• re Sible. te obt 1n 4 

tort e or th1 old r cow" cl ss w 12.9 q. 1n.. 

( . D. ! 1.61 r = 9-4 - 11.0) . 
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,ASS V I ES 

The patterns to . eel b the error vari nces (animal• vtthln 

cl sses) tor- each ge el ss were, 1n general , s1 11 .... r tor each 

boot feat ·re . The variance tor ature animals was invari ably the 

larg st, generally arkedl:I so. The a ge range of 4 - 11 ye rs 

could account tor th large r1ab111t. 

The 3-year-old, 2-year-old and 1-year-old cla ses form an 

1nt ormed1ate group or variances 1n s cases homogeneous, and/or 

shoving proport onalityto the res etive means . 

Th variances for the ealf age cla ss ere invariably the 

s llest. ~pparently the var1ct 1on cco 1panying the s all mean 

valu s w .... s small ~lso. The v r1at1on in ages was small; tba 

range being only 3-5 weeks . Agai n environment al wear factors, 

operating for an average or t our eeks a t a mean un1.t boot loading 

o r 4 p .s. 1., could not x .ected to produce t.s much variat ion as 

i n older animals. 

tr 

b 

E: DISCUSSTO?l 

1. 

F1gur s 25' nd 26 su 1ze the st1 t obtained tor 

n th nd br dth. r ap ot th ge cl s ns ar 

to • tn rv le be e n djacent cl sHs deer as 

the l rest, en e 1- e -olda, to h let 

een 3- r•old • 

o Y r he au c ss -o;u.•• (P cures 25. 

26.) for contr· at1ng p tt ns·. n ot el' h nd, t tt rn 

ot th en or h or 1 n t corres o da clos to 

th ound n tng - ... --= ..... C 1 r 2 • ). T r ult or t tests 
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or s1gn1t1c nee arized on p ges 144 and 16 3 for length nd 

be ring are r lso almo t identical . This, and the nature 

of the beel erosion f actor, ggested that tbe length ot the 

front hooves was reduc&d by heel erosion, while breadth was 

unaffected. 

The breadth or the hoof' would not be expected to vary due 

to wear, s nee b ~ d th is d f 1ned b t e t ough and r gid hoot 

w 11 tissu, wh1ch a t the side of the boor ls approaching the 

p rpend1cular. Again, s i~ce the 1mum breadth occurr d 1 o t 

&t ground 1 vel, the contour height of measurement had v rtuall,y 

no effect on the breadth. Thus , breadth easurod with the toes 

or the hoot together, is probably the best measure ot the size 

of tbe structural framework of the hoot. 

As measured by bre dth, the front hooves were slightly 

la~ger t n ~he rear. In 1-year-olds and e 1 es, however, this 

difference w~s very s mal l and non significant. 

Breadth and enclosed ar 

t'tected by the toe spre dlng tre 

o bv ou • Th practlc 1 stgnitic 

t t th t scold b 11.;y pr 

1n t c.as s, a the b 

pr ur to J«Mtp t 

re the only boor te ture 

nt . The chani 1a 

1s 1 ss cl r . It wa1 tound 

on th r, 1 hoot. o ev r 

, cons d r le 

c1 vith 

lar t 1 ry 11 e 1 t olde:r 

e ~!er-........... t o 

ton or pe 

0 t O · f lrl II • 

ot 

At te 

xi at 

tlon or tr t on toe 
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g ln t t hls, ts tb nt tha t the hould 

pprox ~t to o1 t p tie so 1; thus lf pr ssure a applied 

to p the toe apart, th ount or spr ad lik 11 to occur 1n 

tbe field was probably exce d&d . t ittle importance 1s t herefore 

att ehed to t he dit fe nces 1n subclass re ponse. oat 1mpor nt 

ware th fi nd ngs that bear ng r 

le th wer unafteeted. Tb 

(and hence unit load) nd 

s in bread th nd nclo d 

area are taken to an that tru st1 tes or these f ac tor can 

only be obtained under field condit ion . Such estimate 

larger by as eh ~s 10-20 per cent . 

be 

The toe t ogether treatment va not ompl tely ettaetive. 

In some boo e it wa 1mposs1bl t o ob a1n moul d without sl ght 

pr ad1ng occurring. Sp ead1ng to approx mately i inch at the 

toe was not considered a disadvantage , part .cularly 1t · 1t 

appeared to be natural tor the boot . A pread of¼ inch or ore 

was considered excess1v, o.nd are h attempt was mad to obtain 

a mould with, 1t possible , less spread . 

3. 

Hoot shape can be part1 11 d rtned by tbe ratio ot bre dth 

t o 1 n th. T r t1oa 

r g1 nbl tn o , t o • e 

s. 

Front. .9, 7.5', 
l'e • )J 90. 6; 

r tlo lndlc 0 

OY rt a• c1 

front t int old r • 

x ~ tor 
1 

h SU 1 8 

cl s tro cal~ to tur 

94.0; 95'.4J 93.1. 
6.8; 3.2; 4.8 • 

1 C in r r 0988 

• orte 

d to due to t 1 ero 1on 
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t eto. Th practic 1 gn1 1c of t his cb ge , of app ox1 ~ 

t n per cent n t, 1 pro bl.Y 11. 

However aiw 1nvest1 tion of boot shape would obv ously 

have to deal with front d rear b009es separ tely~ and 

the f'ull nature nd frequency of the erosion factor . 

so as s , s 

The graphs tor be~ring are nd enclosed a ea r 

similar (Figure 24 nd 27) . The nclo ed area ncluded the cleft 

between hoofiets, and wa consequent~ approx ately twenty pr 

cent larger than b ar i ng a re 1n all classes and subcl sses. 

1th1n clas ses, the difference between the e mens for enclosed 

are vere c~ns1stent 1t h t he presence of a l ight heel erosion 

er ec t , par allel to, but l ss ked than t hat observed 1n b aring 

area. 

, . Possible Correl~t i on§ Between goof Feature; 
From the re ul ts, and on lo · cal grounds, 1 e ed likely 

tha t the bear ng area nd enclosed re or t he boor could be 

pr dieted f rom direct 1 near asurem nts ot the hoot. Slnc 

rea repre nts lengths u~r t o function o"f(length 

lt1pl ed by b dth), pp r lo 1c choice. 

41 etl 

hoot 

P1 ld exp ri c 

on t e hoot. Thia 

t iuo11Q.L&0 t1 t 

th could 

nt 

1 

nsit 

o ion. 

to 

o :ver 1 nth, tro t r ls 3 t p t • • it 
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It ppe red tea 1bl to sur lengt d1r c , b r1r t 

contour11n1ng the heels ot ch boofl t, 

1 ngtb of acb hootlet 1nd1vidually. 

tl en usuring t 

S1m11 rly, once the ratio or the lo d distribution betw en 

tb front nd ar boove 1s known for all asons, then hoot 

load could be predicted fror bod 1ght. Ho ever in this, nd 

1n other ins nees, ~he either pr diction quat1on or 

corr lations between f ctors eould be develo ed, the uses to 

wh1eb tho res 1 ts co ld be put do not appear to justify the vork 

involved . 

Other or profitable lines of rese rcb, following 

from these r esults , ar mentioned 1n the f1na d1se r s1on 

(Chapter X). 
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CHA R X 

0 FIND GSt DISCUSSIO a 

INAL Stn. Y 

0 FINDifiGS 

[£21 CaF, I 
1. A method ot ma urlng hoot be~r1ng rea and nolos d 

are was developed. Thi involved hoot mou141ng t easting • 

contouring nd subsequent pl n1meter m asur nt of hoot ar a 

from a hoot cast. 

~-11ar•o14, 3•111r•aU ltl04 mature J1r1ets, ,no mtur, rrie@tsn;. 
2• The total boot c~stlng techni que •nd the planlmeter 

measurement technique• wore each shown to be h1ghl/ r peatabl 

when used to me N the hoof bearing areas ot the animals ot 

Group r. (In Part !II this was cont1rmed over five ge class 
ot Jere s , from calv s t o matu e animals, and also when xtended 
to the asur ment ot hoot length. Enclosed ren and br adth v re 
also successfully sur dt though no re p0jtab111ty estimate e 
obtained). 

3• Aw 1 h1ng tochniqu as us d to estimate th front 

and r rend hoot lo ds ot th nlmnl or Group I. Th technlqu 

nd ot a 1st etor~ repe t b111ty. (In P t III 
• ploy to tim te the hoot loade tor ttve 

ra f. 1 bt 1t1c ton tncr d the 

h~ot- be ring r ot h 2• 3• • •o14 

nd re Jer ••of r up o n to 1nor se r 19 · 

1/20 inch ontou~ t ot 4/20 fro tti. zero rln, 

1nc contour. here r th ner "w • t n4 s ler 
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to the 1/20 tnoh contour levol. Thla wa attrlbute4 to the 

concave sh pe ot m&.1'\1 boove I and the sloping bulb or heel of 

all boo lots. rom this• and other conslderat1ons, tb 6/20 

tnoh contour was f1xe4 as the most eultable 1 vel tor boot 

mea ur ment. 

~. Th hootlet be~Plng are~ ot the 2•yeo.r ld, 3•Y r•old 

an4 m ture Jersey of Group er measured . The d1tt reno s 

betw en dial Wld 1 tr 1 hoof'let ot the hoot ver mall, but 

vere symmetrical b tv en sid s of the animal . It wa ooncluded 

that the hoonets ot tho hoof could b re arded as 1dent1c 1 ln 

tr p11ng probl ms . 

6. The hoof .::~r ng are , static hoof lo d and static 

unit hoof load vere a ured for th Group I anlre 1. The bearing 

rea da t bowed no v1d nee or a d1tterence betw Gn 1 t nd right 

11dea, but ho d om evidence th t the b rt r ea ot t tront 

hoov s was 1 rger th nth r r. Hoot load and unit hoot loads 

were greater for the front hoov s than tor th r e«r. heee 

f1nd1 nge wer ua d to d elgn the amp11 tho4 • ployed in 

P rt III . 

1. b on t en tur 1 and ture 

l raeye ahoved th t both hoot aring re nd hoot ve • 

areater tn the rlea n • • t • lt wa a non al n1t1cant 

br e4 d1ftereno• tn unlt hoot 1 dt th t tor e belnc 

re t•r by onl 1 p •• 1. 
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ot Sb@ 1nia11 et GtQIR u, 
gour1s1n1 ~air. 1:11ac•2ld, 2-year•p14, 3~i•r-slO aoo matpi1 

Uft Pl Ill@ 0 t Jer11tl• 

8. Ibl.AitttttQDGIQ J>!twen 2:year•ols&h 3•l•or-2ld1 
AD!LIDAtJltt ~UJtlA.UU, a . asured b mean unit hoof load, hoot 

length, breadth, nd enclosed area, were n 11. These age cl as 

w r therefore oombin d, and pooled estimates c loul• ted, tor th 

new "herd co" class. In th1 wa:,, the 1n results tor the 

hoof features lmport~nt in trampling problems, re 

1 n Table XT1. 

8Ullnnar1zed 



\, 

Table 

ot Ewtlmates or ?Jeans ot Hoo!' Features Important 1n Tranplt.ng 
1n Classes ot lerse7 Cattle. 

I 

No. or 
CLASS l Sampl• I t..'ea.sure- I UNIT LOAD I LE'Hcml I t!easure-1 BREADTH I EHCLOSED 

AREA 
p.s.1. J {tn.} (f.n. ) (sq.in 

' 
1) cows I ·~ I t 80 I 16.2 4 .02 90 3.s9 12.88 

' (S.D.) ! 2. 6 to.31 to.2; t1.6 -(Bance) 11,6-23.7 3. 3- 4. 8 3.1-4.3 9. 4-17.0 a, 
N 

• ,, I 60 13.8 3.27 30 2. 91 8. 31 

'!1.8 + -0.20 !o.14 10. 11 
10. 2-1 8. 2 2.9-3.7 2. 5-3.1 7.10-9.86 

CALVBS I 1j l 60 I 4. 8 2.30 30 1.9s 3.98 

to. 9 to. 09 t o.12 to.28 
3. 34-6.38 2 .1-2.4 1.7-2.1 3. 48-4.5'4 ,, 
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9. Hgg( ltttlDI Attia 1mia1,o At8!t1 Lruwtb am Dtld!ib 
Det 11s ot esti t tor cla e nd subcl se ana tor 

hoof bearing r , ncloa d area , length and breadth• are 

pr sentecl 1n the t xt ln the corresponding table ot m ans , 

rom th se estt tes n4 the etat1stlcal lees ot the~• eure­

ments tore ch ot the above boot d1r.:ension t t . to1low1ng 

results were obt ined• 

(1) fhe Agg Qlaes Hl&DO for each or t he abOY hoot d1mens1ona 

increased by stead11. d creasing incre nts betw en ge classes, 

fr om calves t o matur animals. All adjacent clas d1tf renc a 

were stat1st1cal l.1' highly 1gn1fteant, except the difference 

between 3•Ye•r-olds and matures. Thi d1ft renee f'or be tng 

area and enclosed area was s1gntfic nt at t he f1ve per cent lev 1, 

but was not s tgn~tic nt tor length aftd bre dth, 

< 11 > the P1t:t1z:1ng1a Betwgen Moans ror t;ode w1th&o -~,, QJ.11111 

were ln all instances too s .. 11 to warrant ep~r te con i d ration 

1n tr mpllng proble s. In-cons1stenc1 1n the results, an4 ln 

the bear ng re results tor Part II and Part III , were expl. 1ned 

by heel erosion in th boo ot the mature an! ls• Tbl 

prob bl_y occur~ed al o int 3• e r•o14 old ot 

Group II , but not 1n tho 1•Y• r•old or calv••• Thls moet 

rk d 1n front oove . The onl, port t etteot, fro t • point 

ot •tev ot t mpl ,ng pro 1 •• a r a td ln bls h •••• • the 

re 1 nt trot on unlt boot 1 4 (1 1 tr); 

(111) ,.....-.....i._~~L6Ul._.ili&lii~wf-.D'wr.,..• '1'b et l 

a neg1 11b1e tfteet ob hoot be 1n ar 

c nrt. a. At •P 41 re t nt 1nor 

t t•oe1rea4 

Gf 1 ngth" V • 

d hoot le t 
enoloN r by tro to t 20 r eent ln l 1a••••• 
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Due to the rtlt1ci 1 natur ot t preadlng tr atm at , no 

lmportanoe could b att che4 to the differ noes ln ubol s 

r sponse. 

(iv) UPQI §haa~ a a ured ~Y the ratio or n breadth to 

mean lenstb w1th1n aubolaeses, showed only a 11 ch nge , witch 

1nd1ct.ted relative shortening ot the front hoove or herd eowe. 

This was probabl attJ'1 utable to heel roslon. In tbe 11ght 

or present kno ltd , it was thought tb t this coul d be re ar4e4 

ae a minor change, unt 1 turthor 111dence to the oontrary s 

vatlabl . 

10. Hoot Lo§O 
The estimates ot olas and subclass men tor hoof load 

are presented in the text (Tab e :X.~) . The in t1nd1ngs from 

the analysis ot the hoot load resu ts may be summarized as 

t'ollows 1• 

(1) tor boor load increa ed t n told tro 

0 lv to mature animal • The 1ncr ea e wa gre test bet en 

c alves and 1•.Y r•old • T reafter the 1ncr as b twe n djacent 

c l a s bea.me progro r. Thu the dttt r nee bet en 

3·Y• r •old and m tur cl• a e . 11 and t t at1c·ll.Y non 

s1gnlt1oan • All otb r dj oent ol e 4lttt,encee re et t1attoa11t 

ht bly a1 ntf'1c t, a tr d 1n tht1 t 1 • he • and other 

dltt r nc 1n hoot lo a. r eon r t po · oni:, 1n t Sr 

et eot on unit boot l 4. 

(11) 

w.re bl hl.y 

hoov • beln · 1 t r n 

1 • o1 •• •• 
on the r r. ! 

be lo on tbe ft'o, 

• r 1 4 on 
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front hooves Q 11 lb. ln c l ves • !ncrea t.ng .a lower rt• 

than D hoof lo ·d t 6 lb• n tur nt • . bu t 

7eJ.1i,x1 d1tter no b t en front an! re r boot loads are test 

in o lves ands aller in mor matur ant 1 • 

11. !Jp1t Hpqt L9iUI• 
Tho e ti ts of unit hoot lo d ver re arded s th 

sumt1 tton ot t err et ot hoot load nd hoof b ring ~ • 

Th oln a nd eubol ss man unit boor lo de ~o resent in 

Table XXVIII and 1n summarlz d rorm 1n T bl e n . h 1n 

re ture or th s results be ummar • d f'ollowat• 

0) tor unit hoot load torm d1st1nct 1v 

pattern (Figure 23 ). ~ean unit hoof lo~d 1ncre sed rapldl.Y from 

. 8 p . s . 1. tor calves to 13. 8 p,s.1. t or 1•Y r•olds, nd to a 

x1mum of 16.4 P• .1. tor 2•ye r-cld • Ditterences betw en t hes 

g class means r cl arly h1gbl s1gn1 cant• despite the 

pprox1m te nature ot certain ot tho statistic t t, du to 

th heterogeneous ag class error v rl nee• The n unit loads 

r r 2•ye r-olds 1 3•Y• r•olds and mature cl sse ver not 

a1gn1t1oantly dlttor nt and we~ approxlm tel constant , · 1th 

n tor th th • (" rd oo ") ot 16.2 P• . 1. 

(11) 

1 n1t1c nt • tront n untt 

hoot 1 w ln e\t ol ter th t or t r r. 
1'be 41tter nee ( .) 3•:I r 1 

ture anlm 1 • Tbl ditt te ce to 4U t to th 

l" t r ••1 ero 1 n tron ho 
' '• en 

no heel aro ion uni 

till a1gn1f'1o n [b'" 

~ p.1.1. ) Wblla 
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or a pooled st1 te tor h rd cm,1 outwe t I' 

precision obtainable by calcul t i ng separ te t1 t s tor 

aubcl e s . Th mean hoot load tor herd cow va ther tore 

o l culated. The reiation ot t h1a n thee t i toa tor oth r 

boor factors (Table 

S otton B. 

) t o t r a p11n, 1s dieous ed turther 1n 

12. A ooop rtson t tho re ul t tto Part II P t 

I I I , the evidence ot be 1 erosion and the p obabl etraet ot 

normal growth on boot teaturee, all erve toe pb size th t t h 

ost1 tea obtain d re suscept i ble to change. Ar vie ot 

literature de ling wlth var nt1on 1n body weights, 11kew1 

,nd1cated t hat hoot lo ds and hence unit hoot load , were 11kew1s 

1 ble to seasonal changes and minor tluotuat1 ns . Thu • the 

est~mates obt ained can on4' cl lmed t o apply to the select 4 

popul tlon, tor the per i od during uhleh the urement w r 

taken. Judgment m1 t be used in appl 1ng the resu te to other 

populat one or per 1ode . 

r 

Ba DISC JSSIOfl OF S RIZED RBSU ,TS I J 
, A I ON TO TRA,JPtI tO 

he relat1• n·ttude ot the hoot lo 4 and hoot br dth 

st1 tee tor oh cl • tn Table re 1Uustt 4 ln Pl 

r dr· wn tor llluetr tl•• purpo •• only. 

u~--~~ on t to1 0 n into t1on fro 

t lre dy pre n~I 

, Depth ot 
11. ( • 9 
contour tor aoh 

(Herd cow• o.~ tn., t• r• ~o. •I 
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Thi wn only n pproxt. t tbod or at tlon wh1ob1 
however! elnco the v 1at1on ln length was llt hould 
be utt cl ntly ccur t tor 11lu tr ti ·· • rpos • 
d. The curvature o the benrlng urt· eea waa b ed on th 
d ta 1n Table • (P o 86). Roofle t w14tb at a~ contour 
was de proportional to the bearing rea at t t contour 
ro~ the Jersey n ~ ls ot Group Io C lf nd 1-ye r•old 
hoof'let sections wer oaled down versions of this. The 
boor section 111u trate e reotue rather than actual 
ero s•sect1ons. 

In the di gram, the r l·t1ve lengths or the unit load 

v ctors phaa1ze th v ry o.11 un lo d of the calf ge cl ss . 

Th calf hoot would be stab on ru\1 soil w1t.b n ult1 te 

bearing ca c1ty ot 4.8 p.s . 1. or grater. The 1-year•old hoot 

t ult te bearing ca city v a 

ture boor would not 

would not be stable unl 

gre tr than 13.8 P• .1. 
st bl e unl ss th ultlmate r ng capacity xo cled 16.2 p. s .1. 

Furthermore, on such 01-1 , the pe trat1on of th 1•year•old 

nd calf hoovo would be le s th n the ix twent1oti e of n 1nc 

hown 1n the d1 gram. 

Th ertect ot the dltr r nee between mean front and r ar 

unit hoof d, would be to make the threshold at which boot 

p n tr t1on occuired 1ndet1n1t • B cau e ot this and oth r 

ourc of v~r1 tlon 1n un t 1 , the threshold ultimate be ring 

C 0 ty t h ch hoot pe tr ton, due to 8 be r tallure ot 

t ot; l glb t ould be l h r t t ult te 

· be r nc o , to ob g la • 
In th e tot e ot t tr ft 

e 46, 1011 taoto 1 lnl.Y' dectd th p h or hoot 

netr . 
1 • ot wf. • ,,1 r ntt 1 

tAr ote p tr t hue otl • 
th n t e 1eae ti. 11,y 1 a 00 • ii t g 1 9 
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dealt with, heavier un t l 4 are c rt d by bro der nd lo •r 

hoo•es, atteat1ng 1 rg r ar s1, 

Slm1larly the potenti 1 vol ot soil likely to be compr a ed, 

by virtue of the heav1 r uni t hoof load 1 r1 r hoot or the her4 

cows, 1s very muob greater than for either 1-year•olds or oalv s. 

Thi may be illustrated by cona1der1ng the bemlspb res ot soil, ot 

diameter qu l to hoof breadth, b n th the hoof ect1on in Figure 

28. Tb se volumes are obviousl.Y tho e most 11k ].y to su.tt r, due 

to either so11 hearing tailur or so11 compres ion. The volu • 

or the hem spheres in order, from herd cows to calves, ar 

ap proximately 12, 6.5, and 2,in.3 •• 

In instances where trampling, as measured by the number or 
toot pr1nta, le int ns1ve nough t o completely cover n:, ar s, 

breadth 1s 11kel.Y to be of importance only in determ1n1ng th depth 

or zon of soil compression. From the 11teratur studied (Chapter 1 ), 

1t appear d lmost certain that the depth ot such zones or compre son 

would be some linear t nctlon ot br dth (provided so11 mechanical 

theory tor · tdeal1zed masses can b modified to apply t o aurtaoe 

so11a). 

n dee ding wh ther or not th st tlo unit load a aaur 4 

re 11kel_y to caus oil oo pres ion• the to11ow1n into tlon 

tro the re•ie or 11te otur 1 r "ntt• 

oil 

• 



~ 3·59 ini ~ 
~ 

2· 91 in. 
· 16 ·2 p.s.i. ~ 

I . 
13·8 p.S.I. 

~ 
1·95 in. 

>I 

4·8 
. ps.1. 

~ 
., 

. v '1 1 • .r -- • i- . . • ... . . ... . ·---·--· __ ., 
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___ __, ·-·---l 
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~ . . . . , . . . . . . . . . • .... ..•· ... . . I . . . . ......... •······· ·. . . . . . • . . , . . .. . . . . . .. . . .. .. · '• .. .. 
~ ~ .. . . . . ..... 
~ ~ . ..... ·····. . .. . ... .. .. 

' 
.... .. ... .... . .. ········ ........ 

cows 1 -Yr. CALF 

Fig. 28.-Diagram of hoof action using estimates of hoof factors (full size). 
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Pro th ot ~ ork re 1e 4 on 

ppear d that under c rta1n condttlons , e pec!all for pl t1o 

soils with o1 tur cont nt ln the pl tic ra e , eo1 co etion 

could be o used by th tur cows nd probabb' 1•.Y ar• o14 al o. 

I t vs doubttul wb ther lve could produce comp ction, &1 

distinct trom nrt oe u d11n . For the d:/ 1c o s , en tr nslent 

un1t lo ds would be exp ct d to b9 pproxlmately doubl the gn1tu4e 

of the• tic load t so 1 compre ion g 1n se s 11 1.Y' t t le t 

for tures 1•:t• •old • 

overs -a 1nve t gattons (so page 2 •23) 

prolong d gr z1ng produc d on ot 011 co p ctlon at or ne r th 

otl surface, nd xt nd ng ver 1 inches into tho PJ"')f11 • tr 
the gleyod 1 yer ob erved 1n the "wint r" paddock at assay 

Agr1cu tural Coll ge (ee page 24) s, a 

ot comp ct d 1011, ts t c sa s pprox1mat ly qual to the 

br adth or th moves of the h rd co . J r eys ot Group II. Th 

th1cknes ot th1 ll.\Yc r con rat w tb the 1 t d layer• approximately 

halt n 1ncb thlc , pro4uc ·d p tr pllng on nearby are 

ot t same 011 type ( d on (19$6) ) (s • p ge 25') .• The:re le 

cl ~lY opportunity tor fin- her e • rch ur hoot t ctore 

1n h •Pt and 1n e UC 4 c1 te d pt\Yaloal 1· v• 
ov rn ng the is r re a ah rt, llu zonea tor 

the boov a ot 8 •P 1 • 
In 1" ot bl ln v1 ha 

to nd t1on th 1'• toot, 1 1n t a• nta eoue 

p s1t1on ot in ab c vat• l • 11 0 ~OV a ,I.. 

or eh e • . In ns, the 1 ooe sabt11t_y ot ones ot 
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,tress b n ath 1 rg truetur • s b n 

te ting the th ory ot oil ohanlc • 

re band tc t> ln 

Further work t apds ol 1n tb problem involved 1n boot 

ct1on could be devoted to 4 t1n ng 1n full th s pe o the 

ver hoot, tor th var ou cl s $ o an 1 • D t ot this 

ture could b used to pro4uo an rt1t1oi hoot. The way would 

t n be o n to conOu t rt nts 1n which the r action of the 

soil bene r th th lo d boot cou d b x - lned, vit bout th 

ournborsome animal 

involved. 

con quent unmana~e hoot 1oad1ngs being 

At the time , rtl ~e al trampling treat nt t vhlch 

bear known relationship to na~ur 1 trampling, eould b ploY 4 

in plot exp rlments ot conv n1 nt size , to determine the effect 

or the various tr p11ng f actors on pastur production. 

In this typ of work nd n rt1f1c1al hoor loading 

exp r1ment , th st1 te or boor fo tur 
' 

speo1ally thos ror 
un t hoof' load, could be u d to help so ve 0 ot tb proble a 

involved 1n tr pl ng , nd ventually to 80 rt 1n tt true rol 

in the compl x ecology ot nim St p tur ao ls . 

. I 
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PtRAt 

nt to tr mpl ng nd the ant p ture 

r o tbl, nd t he soil eohanlcs ot boot 

- be rlng rea, load, unit load, length, 

bre dth and enoloeed rea • were detlned a the main 4 term1nante 

or th effect ot trampling on so11s nd pastur • 

lloor 4 nsions re dettn d 1n torms ot contour l ne 

corresponding to •arloue d pths or boor penetrat on on a horizontal 

urt o. 

Hoovee wer moulded 1n plastic wax, nd subsequent 

uremente of hoot d1mens1ons •• on contour11n d pl trot 

par1 hoot c t. Front and rear end boot load w r determined 

by a weighing technique . 1n1t hoot loa4 w c lculat d fro hoot 

load and b arlng area. 

lloot bearing at- a, hoot lo&dt and unit hoot load w re 

determined for forty ntmals, compr1 1ng two, three nd over tour• 

ye r•old Jer eys, and over tour-year-old Fr1es1·ns , in 1 te rch 

and arl.y Apr11. aring area w a tound to tncreas at hlgher 

contour lev la (correspond1 to de per hoot penetr tton). The 

rate ot 1no e e the 4/20 inch contour, n4 tbe .6/20 

ineh contour va fixed a uitable contour t h ch to 

hoot t n ton • rlna of d 1 d l tr 1 

hoorle • lfte only a11 htl,y. 1 w a not po · lble to d mon t t 
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(iv) 

APPENDIX B 

Pilot Trial: Measurements of bearing area and 
enclos ed area ( sq. in. ) 

(Cow No. 83 - 10 Casts Left Front Hoof ) 

Beariy Areas 
leasuremeni Ro. 

Cast No. a '6 C 

1 11.47 11.54 11.51 
2 10.99 11.08 11.25 
3 11.36 11.26 11.29 
4 11.46 11.51 1.1.52 
5 11.63 11.63 11.68 
6 11.27 11.26 11.15 
7 11.29 11.40 11.50 
8 11.44 11..50 11.65 
9 11.67 11.76 12.00 

10 11.53 11.63 11.60 

Enclosed Areas 
I asuremeni Bo. 

Cast No. a b C 

1 13.50 13.45 13.20 
2 12.73 13.84 12.63 
3 13.10 12.90 13.50 
4 13.30 13.30 12.99 
5 13.78 13.79 13.62 
6 13.88 13.82 13.79 
7 13.45 13.38 13.37 
8 13.70 13.76 1).60 
9 13.93 14.18 14.09 

10 12.61 13.04 12.64 
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AP P DIX C 

Vel"llc l h 1g 1 ot t rl1n CODI D blz-lJ' • COIi' 

All y 41ppetJ in 4y, !loti 3120• ft t rl 
UN4 t.n l /20• OD1 t ton re 1 h lf' unit. 

OhJ)S 

ti& WI a.ti !!Ul s1ae 
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Jt 5 5 5. 5 , 5. 5 5 
42 RR 5 5 17 t/ 5 5 7 Lit 5.5 5 

5 4..5 5. 5 5 5. 
2& LR 5 4. 5 13 5,.5 5 23 5 5 

5 4 5 5 6 .5 
56 5 5 12 LR 5 5 3 L 5 5 

5 4 5 5 5 5 
98 5 4. 5 37 LP 5 5 87 5 5 

5 4 s. s 5 5.5 4. 5 
61 5 5 49 RR 5 5 91 LR 5 5 

5 4.5 5 5 5.5 5 
8 1 5 5 54 RR 5 5 53 RP 5 4 

5 5 5. 5 5 5 5 
86 5 4 59 5 5. 5 13 5. 5 5 

5 5 5.5 5 5. 5 5 
110 LP 5 s 5 4 25 5. 5 4. 5 

5 5 5 ,., 5 
75 5 5 60 5 1 5 

5 5 , 
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('I'll) 

( eh lt 1 · 
ootl. 

an ot' 0 me8i8tlJlliemEt 
8 ( q •. ln.) 

. or one · ) 

0 o. ~ R 
' I l !§l L Wt l , 1.w.., 7.785 1. 95 6.91.tS 1. 20 7. 590 1.1,0 

7 6. 825 1.045 6.970 1.125 6 .. 2,5 ~ 6. 630 6.765 
18 6. 290 6. 7. 310 6. 360 6.,,.., S.730 170 6. 625 2, 5.n, 6. 040 6. 570 6. 035 6. oso ,. 5.605 5. 665 
25 5.785 6.625 .870 5. 60 7.545 5. 560 6.o,s 6. 860 
36 , .195 S.395 5.735 5. 2·75 5. 490 4.835 4. 670 5. 060 
53 6.550 6.750 1.2 0 6.115 6. 530 730 S.770 6.625 
13 ,.110 6. 5 7. 540 7. 060 6. 4 5 6111775 675 6. Ci 
87 6. 460 7.495 1. 635 6.2 6.7 · , .ooo 5 .. 695 1.150 
91 7. 690 7.195 7.550 7.445 6. 630 6. 085 7. 300 6. 1.too 

3 AR- 01.D 

12 .730 6. 155 6. 51 1.065 6. 710 6.l,00 6. 515 6. 570 
13 1.030 6. 555 1. 200 7. · 15 6.ns S.690 590 6. 5 
17 5. 525 5.415 5. 555 5. 635 6.355 495 370 . 460 
"SI 6. 235 6. 3.35 6.755 6. 290 6. 090 5.700 5.935 '5. ,; 
43 5.225 5. 470 5.825 5. 310 5.730 6.170 5.5 4. 9 o 
49 5.725 5. 975 5.775 5-675 6. 110 S. 680 6. 295 5. 890 
59 6. 110 6. O 6.560 6.520 6. 015 5. 355 s. '65 6. 
54 5.825 6. 460 6. 005 .s 6. 205 5.725 5. 475 6. 60 
60 6. 655 G. 590 6. 400 5.735 S.995 s.87s 310 G. 720 
64 6.410 6.660 6. 685 6. 605 6. 460 6. 430 6. 470 6. 785 

2 

/ 



(¥111) 

IX 

e pr r r" B ar1.ng A nt ( q. tn. ) I 

11 
tyl§ ftI ~Y§AR 

R if':A 
C Lett Righ! Len - Left - , 1ght ow 
~ 1 2 1 2 1 2 1 2 !:!2& 1 2 1 1 2 1 2 

131 18. 00 18. 03 17. 53 17. 54 16. 84 16. 98 15. 92 15. 92 12 12. 93 12.84 13. 62 13.54 13. 14 13. 08 13. l 13. 19 
135 1 . 0,4 17. 17. 44 11.,, 19. 09 19. 13 19. 83 19. 74 13 1 58 13. 59 14.25 U.. 18 12. 43 12. 50 13. 16 13. 18 
lls4 16. 09 16. 10 16. 47 16. 30 16. ,S 16. 47 16. 32 16. 2 17 10. 96 10. 92 11. 16 11. 22 11. 87 11. 83 u . 11. 86 
146 17. 43 17. 32 17. 79 17. 74 15. 79 15. 79 14.56 14. 54 .,., 12. 52 12. 62 13. 08 13. 01 11. 81 11. 77 11. 88 11. 92 
154 16. 81 16. 84 17. 68 17. 66 18. 76 18., 80 19. 9 20. 11 43 10. 71 10. 11.10 11. 17 11. 9 11. 91 10. l 10 . 55 
164 16. 17 16. 22 17. 52 17. 50 14. 30 14. 30 15. l 15. 36 49 11. n 11. 69 11. 43 11. 47 11. 2 11~ 76 12. 1 12. 19 
165 16. 68 16. 85 16. 61 16. 60 15. 27 15. 25 14.90 lh. 95 59 12. 92 12. 90 13. 10 13. 06 11. 38 11. 36 11. 83 11. 86 
16 17. 25 17. 31 17. 03 17. 08 16. 24 16. 37 16.55 16. 56 54 12. 30 1.2. 27 11. 90 11. 5 11.96 1. 90 11.71 11.76 
1 15. 28 15. 39 15. 89 15. 96 15. 13 15. 19 15. 48 15. 29 60 13. 25 13. 24 12. 15 12. 12 11. 91 11. 3 12. 89 13. 08 
171 17. 81 17. 88 17. 90 17. 83 16. ,38 16. 42 16. 1 16. 83 64 13. 06 13. 08 13. 26 13. 32 12. 92 12. 86 12. 22 13. 9 

y 

3 15. 30 15. 16 14.83 14. 5 15. 40 15. 41 15. 35 15. 29 8 .12. n 12. 34 11. 60 11. 66 11. 42 11. 36 11. 4 11. 55 
7 13. 82 13. 92 14. 09 u.. 10 12. 61 12. 62 13.40 13. 39 24 12. 07 12. 11. 11. 86 11. 79 11. n 11. 55 11. 61 

18 12. 83 12.75 13-64 13-70 12. 07 12. 08 12. 79 12. 80 28 12 • .31 12. 23 12. 69 12. 71 11. 57 11. 60 11. 14 11. 11 

23 11. 75 11. 12. 61 12. 60 11. 97 11. 95 11. 33 11. 21 42 11. 51 11. 54 11. 54 11. 62 11. 39 11.42 11. 10 11. 64 
25 12. 44 12. 38 1 72 12.74 13.08 13. 13 12. 91 12. 88 56 12. 24 12. 21 12.73 12. 79 11. ~6 11. 98 12. 07 12. 13 
:,6 10. 55 10. 63 11. 02 11. 00 10. 33 10. 32 9. 71 9. 75 61 12. 3:, 12. 33 12. 45 12. 43 12. 33 12. 36 12. 42 12. 42 
53 13. 32 13. 28 1,.29 13. 42 12. 30 12. 22 12. 36 12. 43 75 11. 35 11.39 11. 15 11. 16 11. 53 11. 43 11. 21 11. 3 1, 1:,.19 13.l 14. 57 13.2 1, . 2 13. 13. 86 2. 1.2. 2 • i/ 11. 11. 97 .73 1 

13.93 13.9 1 7 12. 12. 12. 12. • 03 10. 11. 2 1 .. 02 11. 97 12. 01 2 • 

91 • 1 l.S.01 12. 6 12. 75 1 13. 72 110 • ,1 9 • 9. 10. 10. 03 10. 0. 79 
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• pl.J.e. t C t 1t .rln Are 
;;;;;;;;,_,;:;,;;;:;;;:;......,.;;.;;..;;,,=,;. ( - ) .;:;:,,..;::...:;.--::-.:---:.. ( 

131 135 168 171 ca en• · . 7 1§ 2, Jl 

1 l 00 1 • 16. 09 17. 25 17.81 13,82 .a, 12.ff4 10.55 13.19 
ft 2 18.03 17. 88 16.10 17. 31 17.88 13.92 12.75 12.38 10.63 13.18 

- nt b l 1a.04 17.95 16.11 17.63 17. 84 1 64 13.00 12.54 10.81 13.27 
2 17.9:, 17. 16. 09 17. 66 17.83 13. 60 12.95 12.65 10.78 1:,. 23 
1 15.92 19. 3 16. 32 16.55 16 •. 81 13.140 12.79 12. 91 9.71 13. 05 

Right 2 15.92 19.74 16. 28 16.56 16. ~ 13.39 12,.60 12. 9.75 13.14 
• b l 16. 46 19. 15.94 17. 53 16. 79 13.14 12.69 13. 14 9. 69 12. 60 

2 16.1$9 19. 46 1,.,1.i 17. 36 16. 90 13.22 12.65 13.11 ,.n 12.5 
( - ) ( - ) 

146 154 164 165 170 0 , 23 3 87 

l 17.79 17. 6 17. 52 16. 61 15. 89 14.3 12. 61 1 29 
2 17.74 17.66 17.50 16. 60 15. 96 114.85 12. 60 13. 42 
l 17.67 18.32 17.13 16.12 15. 95 14.41 12. 45 12. 95 
2 17.83 18.26 17.19 16. 17 15. 82 l.4. 48 12. 47 l"'. 95 
l 15.79 18.76 14. 30 15.27 15.13 15.40 ll.97 12. 30 12. 90 12. 68 

Lft 2 15.79 18 .. 80 14.30 15. 25 15.19 15.41 11.95 12.22 12. 82 12.75 
e r b 1 15.85 18 .. 70 14. 40 14. 98 15.34 15. 12.10 12.30 12. 3 13. 20 

2 15.80 18. 71 14.46 14. 97 15.43 15.67 12.02 12. 27 12.86 13. 16 

- RR ) 2 '"'AR-OLD ( LF- RR ) 

12 13 49 59 54 0 56 61 75 86 98 

l 13.58 11.71 12.92 12. 30 12.24 12.33 11.35 12.94 11. 03 
Len 2 13.59 11.69 12. 90 12.27 12.21 12 • .33 11.39 12.92 10. 99 

1 13.43 11.73 12. 53 12.04 12.38 12. 17 10. 91 12.n 11. 05 
2 13.43 11. 67 12. 50 11.98 12. 40 12. 18 10. 5 12.76 11.14 

• 1 13.18 13.16 12.1 11. 3 11. 71 12. 07 12.42 11.21 12.73 12.01 
2 13.19 13. 18 12.1 11.86 u.76 12.1, 12. 42 11.23 12 .• 68 12. 0 
1 13 • .:,b 12.74 12.35 1.1.90 11.70 11.65 12.56 l . 66 12.73 .11 
2 13.31 • 2· 12. 5 11.95 U.76 11.·68 .1 1. U.11 

( ( - ) 
17 8 42 

1 12.15 11.60 11. 
2 .12 11.6 u. 
1 2. 1, 11. 11. 
2 12. 20 1 1.n 
1 11. 7 i • 1 u. 11.79 ten 2 11.83 11. 3 • 1.77 
1 u.67 1 .79 11.5:, 11. 
2 11.57 1 .73 11.il 11.3 
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APP 11 D IX H 

0 L IQ GROU I (Units; lb.) 

Saa !Ellll!D l anr-01&~ J nm 
o. e1m19s rre:. 

Cow Oow 
o, 1 2 ...1.2• l 2 

131 1390 1391 12 71.tl 733 
l,S ll.86 1187 13 643 647 
w. 1350 1350 17 687 680 
146 1281 1277 n 729 723 
l5ij 1073 1072 43 599 595 
164 1299 1300 49 73' n1 
165 1237 122 54 n9 706 
16 1152 1149 59 794 784 
170 997 997 60 7'57 7~4 
171 1048 101&6 64 839 28 

tu.rt J1r11z 2 z s -21s1 Jina , 960 95, 8 653 645 
7 8814 82 24 693 690 

18 859 as, 2& 598 598 
23 828 2 42 671 665 
25 tr7 n S6 7,0 738 

n, n, 671 671 
53 10 75 
73 86 
87 ·97) 

1 10 



( xi) 

A p IX I 

oot (lb.) l 

3 TEA 

~ 

· 1 o. 1 2 1 2 1 1 2 1 1 2 , 5 516 960 12 425 311 M 733 
7 479 491 2 391 1' '51 37 76 275 6tl3 647 

18 1,n 485 , 368 ' 
,, 17 36) 322 687 6 

23 6 450 ~, 368 828 822 '31 399 3J6 ~ 729 7-3 
25 473 475 409 402 87 871 ., 31 32 27 266 e.:99 595 
36 39 .,.,, .311 330 713 n, 03 335 320 133 711 
53 445 4.39 ~ ,362 81.0 799 5 369 361 6 332 719 706 
73 4S1 ·i.sa 401 395 840 59 418 :12 332 '516 1'1' 784 
87 525 513 468 456 973 9n 6o 412 410 360 329 757 754 
91 4 48, ~, 42 910 905 6 453 452 368 363 8 828 

720 731 63b 626 1390 1391 352 348 31 308 645 
612 11 6 1187 24 391 316 322 
719 1350 1350 28 26:, 
6 1277 316 3()0 

1 56 333 
307 
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Unit Hoof Lo ds (p •• 1.) Group I 
{Cows in sa e order from the top of e ch column 

s for hoot load d ta Appendix I) 

SEIS 3-TEAR-OLD JERSEYS 

REAB J!ROIIT REAR -
17.459 13.930 15.851 11.713 
11.34i 15.052 13.417 10.74! 
1 .17 14.515 16.900 13.21 
18.346 15.949 15.752 14.014 
18.854 15.596 14.796 12.037 
17.894 15.981 17.106 13.660 
16.582 14.723 15.108 14.325 
15.962 15.101 15.968 15.249 
18.739 17.973 16.194 13.835 
16.114 16.108 17.166 13.980 

TURE FRIESIANS 2-YEAR- OLD JERSEYS 

20.408 19.190 14.592 lJ.665 
17.541 14.166 16.126 lJ.656 
22.137 17.785 13.556 11.515 
19.493 19.512 15.386 13.348 
16.886 12.426 16.010 14.146 
20.665 19.814 15.099 12.437 
20.183 18.801 14.251 11.894 
17.926 15.581 15.581 14.515 
17.003 14.880 16.448 13.281 
16.032 14.073 18.408 13.359 
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TUBE -OLD -oLJ) C 

Test • Te t • T st &o. • M. • li • , 11 2 28 ,9 
1 9 ,a 41 

ll 6 15 n 4, 
17 ,, 21 74 48 
2, 6l. 2, 83 50 
,1 68 ,o 95 ,2 
4, 1, , 107 ,, 
49 a, 47 ll2 ,, ,, 84 52 120 67 

'4 86 60 138 81 

59 90 62 144 82 

88 98 71 1,, a, 

91 99 73 164 ll.O 

" l rt 180 u, 

101 110 63 l.97 112 
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(ff) 
APP II 

• e1 ts (lb.) GrGUP ll 
(l • 1st t.gJJtng; 2 • 2D4 W 1.gbing) 

b .-OLD OLD 
l. 2 l 2 1 2 

844 84:.5 790 789 494 49:, 
846 84, 655 65, ,96 ,91 ,,s , 8 696 696 ,12 ,11. 
614 61' 620 620 668 668 
771 111 678 679 690 690 
990 991 622 622 674 615 
576 576 584 ,a, ,94 595 
616 618 779 779 68} 682 
751 7,0 150 751 649 650 
621 621 1,, 1,, . 57:, '72 
696 696 668 668 600 597 
826 828 627 629 502 500 
822 822 71J 715 652 65} 
710 71' 7:,9 7:,9 TIO 770 
892 891 '°' 602 594 594 

C 

:,22 64.0 65.0 

'°' 
,,., ,,.o 

417 11.0 11.0 
:,,a 74.0 74.0 ,~ 59.0 59.0 
}8' 6,.o 64.5 ,,2 63.5 ,,., 
}82 12.0 12.0 
'20 63.0 6:,.o , 68 .. 0 68.0 n.o , 0 , 60., 60., , ,,.o ,,.o 
'46 ., ., , 63.0 ,,.o 
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APP .IX • 
tatio H f L (lb.) Gr 

(l • lat • igtd.D ; 2 a 2n 

mo. I FR T 
l. 2 l 2 1 2 1 2 1 2 1 2 

4,1 448 , 376 420 -418 )62 ~ 267 21, 224 229 
464 469 }81 '89 )68 372 284 282 }16 )10 272 276 
,10 306 228 22, 384 ,84 ,12 ,10 ,02 ,oa 268 272 
,46 346 216 280 }40 336 270 272 368 }71 296 294 
4,6 436 ,,, '46 :,74 374 l02 ,08 372 366 ll.4 }28 
508 516 474 466 ,,2 334 294 299 ,,2 '43 320 ,22 
,2, 319 2 256 )19 322 253 262 314 .:,20 272 268 
)34 )X> 276 269 4'4 420 336 )44 J6J ,10 ,1, lll 
408 400 ,,o ,,.. 397 :,95 '47 )60 )60 ,,2 291 288 
,24 '" 2 284 l84 394 .:,54 356 319 318 263 250 
,66 )59 ,,1 )29 '62 '68 297 ,01 336 ,,2 258 256 
426 444 380 .:,72 341 ,,, 289 279 276 270 220 2'4 
448 456 310 376 )92 40) )22 316 )64 ,,6 292 290 
)89 '87 ,o, )14 39) )95 3'4 '41 40, 408 '68 362 
468 472 420 428 ,,2 )'6 268 213 321 ,2, 274 272 

1- Y CALF 

184 l8J l 128 )9 . 0 ,1 . 0 25 . 0 21.0 
201 205 l.64 "' )4 . 0 ,1. 0 2, . 0 2, . 0 
212 224 186 184 44 . 0 43 . 0 31.0 ,o.o 
192 196 14 152 43 . 0 45 . , 29 . 5 ,o., 
224 228 170 l.74 ,,.o '6 . 0 25 . 0 2,. 
2l.6 2ll 2 l.60 ,1., 36. , 28 . 5 29 . 0 
204 206 144 14 ,1., "·' 2.1 . , 2a., 
2l.2 216 l6l l 42 . 0 41. . 0 28. 0 30.0 

0 l.81 l31 37. 0 :,7 . 0 21 . 0 27 . 0 
208 222 176 39 . 0 )9. 0 26 . 0 21 . 0 
212 21.2 192 ,,.o • o 24 • 22 .0 
220 224 l.72. , .o • o 2,. 0 24 • 
214 21.0 1 .o ,1.0 28. 0 21 . 0 

192 148 o.o 40. , 21 . 0 26 . 0 
222 228 172 ,1. , .o 2, .o 2 .o 
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s t10 0D1t (p . 1 . ) GrOII lI 

( oh i t 0 d ~y ml&lt1~1Dg b7 2) ,_ 
2-I 

l 2 1 2 1 2 1 2 l 2 1 2 

,9 . 28 J8. ,9 21. 27 .42 '8. 29 ,a.,2 ,0. 60 ,1. 16 l6 . l8 ,,.12 :52 . 99 ,,.,2 
40. 21 41. 69 32. 43 32. 42 36 . 44 '6 . 08 25 . 47 26 . 2:5 ,1. s, ,0.10 28 .6; ,o.oo 
2 . ,6 27 . 47 19. 76 19. 28 )9.26 :,a. 2s 28. 06 26 . 82 ,,.12 }4. 80 31.1, }} . 87 ,,.ao 39. 86 24 .32 25.18 '2. 66 ,1. 10 2:, . 40 2, . ,1 42 . 94 42 . 2l. ,1.2, 37 . 0:, 1.,, 46. 7) 31. 89 }2. 16 ,,.82 J6. 49 2, . 44 26 . lO )6.40 36. 64 ,1.a, 32 . 9) 
38. 60 )9 . 00 39.7) 40. 0J ,,.s, ,s.9:, 30 .40 ,0.20 ,1.46 ,1. ,0 )} . 54 J4 . 07 '6.,, 35 . 96 22.46 23 . 99 ,0 . 21 29 . 84 2' . 10 24 . 01 :,2 . 74 J} . 9) ,9.69 29 . 04 
36 . 06 ,1. 0 2'.ll 2, . 0, 36. 23 ,,.,a 29 . 27 29.20 ,1.,a J6 . 6J )0 . 82 31. 07 
}9. 88 :,9. 64 21.0, 28 .,, ,,.64 36. 07 28. 96 ,2 . 0:, 30. l 29 . 26 25 . 82 25 . 83 
}6. :,2 ,,.16 2 .09 28.57 ,2 . 19 J4 . ll ,0 . 02 29. 04 ,,.61 )J . 40 27 .37 25 . 28 ,o.,o 29. 4) 29.74 29 . 19 34 .Jl ,, . ,9 2 .1, 27 . 72 3} . 60 33 .17 28.7) 28. 35 
35 . 03 ,,.,, ,2.51 32 . 69 ,1 .12 41 . 14 27 . 90 26. 45 29 . :5-6 28. 96 24 . 31 26 . 87 
, . 84 :s,.1, 28.97 28. 46 :56 . 26 :,s. 64 26 . 42 25 . 71 42 . 72 42 . 2} )0 . 29 29 . 87 ,,.a, '4 . 68 24 . 76 21 . 02 ,,.19 ,,.88 ,2 . 49 }4 . 62 41 9 42 .81 :,1 . 48 29 . 50 
35 . 35 }6.48 2 .77 29 . 20 3 . 74 40 . 68 27 . 49 28 . 06 :,:,.44 ,,. 02 :,o . a6 )0 .49 

C 

}0 . 92 ,2.12 24. 86 24 .1, 10. 89 10. 60 6 . 92 7.44 
26 . 72 21 . u 23 . 76 20.11 9 . 91 11 . :,a 6 . 82 1.,, 
27.00 ,0 . 14 27 . 96 28. 26 12 .1, 12 . oa 9 .17 9 . 04 
28-. 27 29 . 60 24 . 42 2,. 24 u.,, u .s, a.,, a.64 
}2 . 84 36 . 71 2'.6 27. 79 ll. . 44 n . 2, 8 . 06 7 . 94 
}0 . 68 29 . ,a 26.64 2'.,, 10 . 27 10. 49 1.12 7 . 92 ,1.,, 32 .69 24 . 23 . 60 10 . 11 10.,, a.,1 a.11 
26 . 43 2, . , 2,.19 25. 90 12. 10 11 . 61 7 . 76 8 . 06 
2:, . 59 2,.,-, 20. 22 . 10 u.,, 11.1, .u s .,s 
26. 32 2a.,1 2'. 23 . 09 10. 29 10. 6} 7 . 69 1 .. 1e 
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