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INTRODUCTION »

Trampling of pastures 1s an inevitable accom animent of
normal grazing, and although the ccological approach to
grassland problems has succeeded in unravelling many of the
problems of grarzed pasture, the exact role of trampling has by
no means been fully elucidated. Present sclentifie thought in
respect to this problem was well summarized by Melville (1954):e

The grazing animal has an effect other than as a
manurial and defoliative agent., Pasture plants are continuously
being trodden by animals ranging in welght from & few pounds to
over half a ton, with loadings up to many pounds per square inch
of hoof surface. The eff ct on plant growth and on soll ,
consolidation 1s never negligible; on certain soll types and at
certain seasons it is the major limiting factor in carrying
capacity.

The work reported in this thesis deals with a small
facet of this total problem, a facet which is claimed to be
the initiating point in the chain of reactions involved in
the effects of treading on soils and plants. The aim was
to define and measure the important animal determinants of
these effecta.

The problem of definition was approached in two
stages. Firstly, the literature was reviewed to determine the
consideration glven to treading in rocent management
practices, and more important, to determine the known role of
trampling in the ecology of the animal pasture complex. In
addition, a priori information regarding the physical effects
on the soil of trampling, ormalagous sources of ctreas was

examined.
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Secondly, from the foregoing =tudy a model of the forces involved
in hoof action (the mechanics of the support by the soil of

a hoof bearing a superimposed load) was set up. The factors
involved in trampling which were likely to be of importance
either in hoof action, or in their effects on soils and
pastures, or both, could then be defined for measurement.
Techniques of measurement were then developed. This portion

of the study 1s reported in Part I.

Part II deals with a preliminary investigation in which
three hoof factors were measured for a sample of forty animals.
This was designed to enable the repeatabllity of the measurement
tecdhniques to be determined.

The knowledge of the probable ocutcome, and other findings
from Part II were used in planning Part III. In this main
investigation, six hoof features for five Jersey animals,
comprising five ase classes, were measured. In the analysis of
the results differencesbetween classes and sub classes were
exanined. Where possible, the aim was to precisely
evaluate differences, then to effect a summary of the results
obtained, by pooling similar classes or sub classes and
calculating combined estimates.
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CHAPTER I

REVIEW OF LITERATURE

A. THE INPORTANCE OF THE TRAMPLIRG FACTOR IR THE
DEVELOPMENT OF RECEKT HUSBARDRY PRACTICES

Two management practices each of which claim to reduce
the effect of trampling on pastures, have recently secured
the attention of animal husbandry workers. In New Zealand,
the use of a "Winter"stock holding paddock has been the sub-
Ject of trial at Massey Agricultural College. In America,
the relative merits of "Soilage" or chopped green forage,
fed in troughs, and normal pasturing of stock, have been in-
vestigated at several of the main research ceuntres.

1. The "Winter" Holding Paddock

At Nassey Agricultural College, a "Winter" holding
paddock was employed, in a "Production Per Acre Trial" de-
signed to achieve maximum production of dairy produce per
acre. (Riddet 1954).

In the 1954-55 season the "Winter" paddock was used for
lengthy periocds during la te summer, autumn and winter, as a
holding pen for the 33 cow Jersey herd, plus the 20 per
cent replacement stock. Between January and August a
total of over 4000 animal days was spent on the 43 acre
“Winter" paddock.

Animals were fed chopped summer forage crop, hay and
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silage, on the paddock; and pastured off for approximately

three hours per day, on autumnn saved pasture or on other

pasture if such was available.

Grazing on the remainder of the 3l.4 acre experimental
area could thus be controlled, by the best known methods, to
maximize pasture growth. It was also claimed that "poaching"”
on this remaining area was reduced and resulted in greater
herbage production and improved utilization.

The implication that trampling, and/or "poaching", re-
duced pasture production,was borne out by the appearance of
the "Winter" paddock where, due to the combined effects of
overgrazing and treading, little herbage was visible by the
early spring (Kalson 1556). Figure (1) shows the animals
on a half acre portion of the paddock,which was used as the
holding area for 10 weeks of the autumn and winter,and was
congsequently more heavily trampled than the remainder.

Little pasture remained. Soil changes observed are recorded
later (page 24).

The "Winter" paddock was ploughed in the spring and
sown to summer forage crop, then recultivated and sown to
normal pasture. Although some difficulty was found in pre~
paring a seed bed on heavily trampled zones, no permanent ill-
effects were noted. By fitting the use of the "Winter"”
paddock into the management practice of pasture renewal
every 10 years, the effects of trampling were concentrated
in one area,where they were then corrected by the normal
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Figure (3). Single footprint in the "Winter" paddock.



cultivation programme.

The success claimed for this system poses two guestions.
Firstly, does trampling or "poaching" cause a reduction in
production, sufficient to justify the use of a "winter”
paddock? Secoudly, does the ill treatment of the "winter"
paddock actually result in no loss of fertility or produc-
tion? Each of these questions suggests that a close exam-

ination of the trampling factor has now become necessary.

2. "Soilage" or Chopped Green Forage Feeding Systems
Chopped green forage,(termed "soilage" in the United

States) cut with a forage harvester, has been fed to penned
animals, often in dry lot, with varying degrees of success.
When this system was applied to pasture, the animal effects
of trampling, fouling by dung and urine, and selectivity of
grazing, were eliminated. These were replaced by mowing -
defoliation and by rolling by implement wheels. The return
of dung and urine is not mentioned in any of the literature
cited. If losses of plant nutrients, especially of urine,
are high, then this may be a serious criticism of the workers'
methods, and possibly of the system itself. Information on
this point should at least accompany reports of experimental
work.

Research designed to compare the efficlency of soilage
feeding systems and normal pastare management,is in pro-
gress at several centres in America. Beeson and Ferry
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(1953) report such an experiment with beef cattle. No eon-
olusions could be drawn from their data, due to lack of infor-
mation regarding aotual aveas olipped and grased, and the type
of "rotaticnal® grasing euployed.

At the University eof California, Ittmer et al. (1954), in
a similar experiment en irrigated barley-alfalfa and alfalfa
pastures, claimed highly significant inoreases in beef pro—
duotien per aore to result from feeding fresh sellage, caumpared
with 8 to 10 days per paddeck "rotational® grasing. The inoreased
efficiency under more intensive management was attributed teo a
reduction in the wastage of forage produced, due in turn to a
reduotion in trampling, fouling by exereta, and seleotivity
of grazing.

Similar results wore obtained at Iowa State College
(Seholl et al. (1995), Hale et al. (1955))with beef eattle on
brome alfalfa pastures. Drought and grasshopper damage to
pastures interfered with this work, and meal feeding was used
to supplement pasture and soilage. The results, though neot
supported by statistioal analysis, show the same trends as in
the Califernian experiment.

Cenflieting results in different seasons, cbtained at
the University of Mimneseota (Gullicksen (1954 and 1955)), were
explained by the observaticn that the soilage system showed
to best advantage en "$£all® orops. On "shert® orops little
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advantage was gained by using the harvest feed system. It
the alfalfa, and alfalfa-brome pastures used in the other
experiments were harvested and grazed at relatively tall
growth stages, this could help to explain the success of the
sollage system claimed by other workers. According to
Gullickson trampling and fouling losses were greater with
“tall" crops.

This explanation served to emphasise the impor tance of
the analytical approach to problems of this nature. All the
work mentioned above compared the gross effects of two systems of
management, thus making the results of limited use when
applied to other conditions. The actuzl factors responsible
for the differences observed were neither separated nor
evaluated. Trampling was frequently mentioned as being of
importance,but the considerable effort expended in this
research did little to me asure its impor tauce.

The advocates of the "winter® paddock in New Zealand and
of the soilage feeding system in America, each claimed to have
reduced trampling losses. There is a need, therefore, for
factual information on the fuundamental nature of trampling
and its effect on soil and pasture. Such information is only
likely to be obtained by an approach which considers trampling
in its proper place, as part of the animal - pasture complex.
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B. TRAWPLING IN RELATION TO THE ARIMAL=SOIL=-
PASTURE COMPLEX

1. Introduction

The ecological approach to grassland problems is based
on the work of early ecologists, represented in New Zealand
by L. Cockayne (L. Cockayne (1918)). In England, Stapledon
led in the application of ecological principles to problems
of grassland farming (Trumble (1952) ). The ecological
method of approach takes into account the whole complex of
environmental factors which govern the nature, distribution,
behaviour and performance of particular plants and animals
and associations of either or both. This approach has proved
to be a fundamental prerequisite to the unravelling of
grassland problems.

The goal of all grassland workers has been described by
ficMeekan (1953) as being the "continued maximum production of
human food from the grasslands of the world”. To achieve
this, management of animals and pastures should aim to pro-
vide, within the relatively rigid framework of climate and
topography, a year round balance between animal requirements
and herbage production. Another part of this problem,
namely, the short term effects on the utilization of pasture
herbage has been reviewed by MecArthur (1949). Workers
generally considered the animal factors of defoliation
(including selectivity of grazing as a cause of clumping),
excretion and trampling to be factors affecting wastage of
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pasture grown. However, VNcArthur states:-
No figures are available either to indicate the
wastage of feed that occurs on pasture grazed
by dairy cows in New Zealand or to show the

relative importance of clumping or treading
losses.

2. Long Term Effects of the Animal on Pasture
For the purposes of this review the Long Term Effects

of the animal on pasture will be considered under the
headings of Defoliation, Excretion and Trampling, a
division similar to that used by Donald (1946).
(a) Defoliation

The effects of artificial defoliation on pasture yield
and chemical composition of herbage were studied by VWoodman
and colleagues at Cambridge (Woodman and Normam (1932) ).
Other early work was reviewed by Donald (1946), Edmond (1949)
and more recently by Schwass (1955). The bulk of the
evidence reviewed showed that frequent cutting, severe
cutting, or a combination of both, will lead to decreased
yields; whereas light infrequent cutting was accompanied by
higher yields of herbage. Associated with reduced yields,
was a reduction in the vigour of the root system (Jacques
and Edmond (1952), Schwass (1955), Weinmann (1948), Donald
(1946) ). With increased yields, however, palatability and
nutritive value of the herbage decreased. Thus the maximum
yield of digestible nutrients appeared to be obtained at a
slightly more severe, or more frequent cutting intensity,
than at the point of maximum yield of dry ma tter.
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Variations in response to defoliation were attributed
to species differences and to species interactions with the
environment.

A more analytical method of study has been used by
Mitchell (1953a, 1953b, 1954a, 1954b, 1955a, 1955b, 1956).
The effects on growth of nine common species of New Zealand
pasture plants at different laevels of light and temperature,
in conjunction with defoliation, were examined in controlled
climate cabinets. Attempts were made tc relate treatment
factors to field measurements of microclimatic conditions
and tiller densities, in a wide range of pastures.

In these studies the tiller was taken as the basic unit,
rather than the plant. Defoliation was shown to affect
tiller regeneration, as well as the production of dry matter
per tiller. In the responses obtained interactions were
shown to exist between species, light intensity and tempera-
ture.

It was inferred that grazing, by removing shading
foliege and thus altering light intensity at the plant cromm
was important in the field. Defoliation was further con-
sidered to bde important in depriving the plant of photo-
synthetic tissue which is vital to growth as an energy
factor and as a possible source of regulating hormones.

The further elucidation of these effects is proceeding.
(b) Excretion

The value of animal excreta was realised from very early
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times, but the importance of the return of plant nutrients
to the sward by the grazing animal, was only fully apprecia-
ted with the develorment of the ecological approach to
grassland problems.

Experimental work at Jealott's Hill and Aberystwyth
in Britain (Martin Jones (1933), Davies, W. (1937) ) fore-
shadowed the results obtained in New Zealand by Sears and
Kewbold at Palmerston North (Sears and Newbold (1942) ).

It was shown that on a high producing, grazed pasture, the
return of either urine or dung increased pasture yield. The
full return of dung and urine together still further increas-
ed yield. There were associated changes in botanicel com-
position.

Despite the stated limitations of the technigues used,
as indicated by discrepancies in the balance vetween mineral
nutrients consumed and excreted, the results were indicative
of the importance of animal excreta to high pasture produc-
tion. They were also in agreeuent with the findiungs of other
workers which were reviewed by Donald (1946). However, a
further similer trial (Sears and Thurstom (1952) ) at Lincoln,
Canterbury, failed to show a yield response to the return of
excreta, due apparently, to an interaction between botanical
composition (which did show a treatment effect) and climate.

liore comprehensive trials were conducted at Palmerston
North, Lincoln and Gore (Sears (1953), Welville and Sears
(1953), Sears and Evans (1953 III), Sears (1953 IV), Sears
(1953 V). Sears et al. (1953 VI) examined the influence of



=10-

red and white clovers, superphosphate, lime, and sheep
grazing (including the effect of excreta) on pasture yields,
botanical composition, chemical composition of the sward,
s0il composition, earthworm and grass-grub populations, and
on the growth of subsequent forage crops.

The results of these trisls were claimed to show "very
clear cut growth responses to dung and urine”, both under
mowirng and grezing. These responses were reflected in sub-
seguent forege crop yields. Nanifest also were the exceed-
ingly complex interactions between esnimal, soil (physical
and chemical properties) and botanical composition of pasture
in affecting yield. These complexities were further
exenplified by Doak's work (Doak (1952) ) on the chemistry
of dung and urine patches, and in the finding of an inhibitor
of root growth in urine (Doak (1954) ).

Although the findings of Sears et al. quoted above,
appear quite conclusive, the difficulties of research in
ecological pasture problems are such that deficiencies can
be found in the technigues us2d in pasture yield determina-
tion, and even in the artificial nature of the return of
_ dung and urine. The possibility of confounding effects due
to trampling was not eliminated. ILikewise the note:

“All mowing and grazing was done when the tallest

pasture was at the 4-6 inch stage."
(Sears (1953 I) )
indicates the possibility of a further confounding factor,
in that plots having different treataents may have been



-11-

harvested at different physiclogical asges. The significance
of this, with the evidence available, is difficult to deter-
mine. Nevertheless, the evidence appeared {to Justify Sears'
explanations and conclusions (Sears (1953 VII) ):-
Thus it can be concluded that a2lthough the grazing
animal does not normally add any plant nutrients,
it does play the extremely important rele of trans-
forming most of the nitrogen fixed in the clover
plant, into a form very suitable for the growth eof
associated grasses. Also, by its action in

“filtering" out for its owvn needs the metabolizable
energy constituents with a minimum of the unitrogen
and minerals ia the herbage, and return;gg to the

sture the balance of the iatter s dung an
urine, the grazing animsl conserves soil fertility
to an extent depending on the class and coandition
of the animal. In so far as the ravid turn over
of s0il nutrients through the animal stimulates
growth of high producing species and grazing and
treading assist in maintaining them against the
poorer species, the animal can be said to build
soil fertility.

(c) Trampling

Although defoliation znd excretion have been shown to
produce proiound effects in the pastoral compléx. and
although trampling is adwitted by most authcrs to be an
equally obvious channel of animal action, no reference
could be found in which animal trampling was the subject of
direct experiment.

Bates (1929-30, 1930-31, 1935) examined the zonation of
vegetation along fooilpaths and experimented with mechanical
treatments which were intended to simulate trampling. He
found that plant species differed in trampling tolerance.

The same thesis was the basis of Levy's (1940) treatment



of the now accepted place of trampling, in the problem of
contrel of hill country regrowth. Conversely, trampling
on high producing swards wes claimed to be detrimental, in
that it encouraged the ingress of spring weeds.

In the work by Sears, already meantioned, although the
production from mown and grazed pastures was compared, any
trampling effect was obscured by the difference between slow
selective grazing and instantaneous and complete mowing
defolistion.

Extreme trampling effects often seen in gateways, and
noted in the "wiater" paddock at Massey Agricultural College
(page 2) may produce obvious detrimental effects which are
greater in wet conditioans. If, as observed, hooves penetrate
the soil, root disturbance must occur. FEdmond (1949) found ’
evidence, from his owmn experimental results and the literature,
that root pruning tended to restrict yield.

3. Discussion

The thrze main chaonels by which the arimal vwags shown to

affect pasture herbage production are represented disgram-
matically in FPigure (2). The cycle it completed through
the harvesting, by the animal, of the wtilized portion of
the herbage. This quantity of nutrient, according to the
nutritive level at which the animals are fed (determined in
part by management and in part by their requirements),
decides the number of animals carried per acre.
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Management is shown to operate by modifying the grazing
habits of the animals. This, at present, can only act
through control of defoliation; excretion and trampling
accompany defoliation as inseparable and largely uncontroll-
able conseguences.

It is clear that there is a favourable "correlatiion"
between defoliation and excretion. Optimum defoliation by
the animal will, by definition, maximize nutrients utilized
per acre. This will increase carrying capacity, and also
maximize the excretion of plant nutrients (provided the drain
of nutrients removed in animal products does not become a
limiting factor). Thus excretion is complementary to
optimum defoliation in boosting herbage production. Wastage
of herbage produced due to fouling by excreta will presumably
become greater at higher stocking rates.

Trampling fits into this picture of spiralling production,
as a factor increasing in magnitude as the number of hooves
per acre increases. Moreover, its effects have been
observed to be greater and in some cases detrimental at
high soil moisture levels. This means that trampling will
have its greatest effect during the winter, when seasonal
pesture production is low, and is itself restricting carrying
capacity.

Hancock (1953, found that the grazing times, and pre-
sumably therefore the amount of trampling, increased when the
quantity of feed available was low, and/or the gquality poor.
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Thus seasonal winter reduction in the quantity of feed
available, by causing alterations in grazing habits, could
result in increased trampling, unless counteracted by some
device of mansgement such as the use of a winter paddock.

The major role of trampling may be to make more difficult
the equating,during winter, of pasture production to animal
requirements. This problem described by NeMeekan (1953) is
mentioned in the introduction to this section (page 6).

Melville (1953) gives a second aspect of trampling in
this problem:-

It is surely siganificant that more and more research

workers and farmers are thinking of winter feeding

problems, not in terms of the grass which they can

grow, but of the sheer physical capacity of the soil

to carry the necessary hooves at moisture levels which

are above field eapacity.

The physical effacts of trampling will be discussed

further in Section C of this review.

It may be concluded that the animal factors of defolia-
ticn and excreztion have been shown to produce profound
effects on pasture production. The trampling factor has
been shown to affect the botanical composition of pastures.
Obvious detrimental effects due to extreme trampling have been
ohaerved. However, no evidence could be found to show the
effect on pasture production.

In the light of Sections A and B of the review of litera-
ture it is postulated that trampling could produce an effect

on pasture growth throught-
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(a) Short term wastage loss of pasture herbage already
produced.
(b) Long term effects on growth due to:-

(1) Crushing of foliage causing defoliation of

tillers and leaves.

(ii) Hoof penetration of the soil causing root
disturbance.

(1ii) Soil physical changes.

Different species of pasture plants may react different-
ly to these effects, and due to an interaction with soil
moisture contents, it is further postulated that the effects
will be seasonal in nature.

C. SOIL PHYSICAL EFFECTS OF TRAMPLING AND THEIR
RELATION TO PLANT GROWTH

Trampling may at all times exert an influence on soil;
even under dry conditions surface soil granules may be
pulverised into dust and thus cause a deterioration in sur-
face soil structure. At high soil moisture contents the
effects of trampling become obvious and produce the condit-
ion known as "poaching®". Vinter "poaching" may be the most
-important effect of trampling. Before proceeding to review
the literature relevant to trampling, the term “poaching"
must be defined.
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l. Definition of "Poaching"
The Shorter Oxford Dictionary gives the following
definition of "poach":-

Of land: To become sodden, miry and full
of holes by being trampled.

Used in this sense poached is synonymcus with the
colloguial term "puddled" or "pugged”. In engineering
terminology these last two terms refer to situations where
clay materials etc. are worked into a compact or impervious
condition.

Bodman and Rubin (1948),in an investigation of soil
puddling, defined "puddling"” &s : "The anount of decrease
in apparent specific volume of a confined mass of so0il
material”. This guantity, they used "as a mesasure of the
extent to which the inveatigated material was puddled by the
application of stress".

There is another aspect to puddling, however. Puddling
implies a dispersion of the clay colloids in the soil. In
a study of the physical characteristics of puddled soil,
McGeorge (1937) demonstrated that there were many measurable
points of difference between puddling and conventional
methods of mechanical dispersion of soils. Por instance,
when a soil was puddled by working with a spatula, at or
near its moisture equivalent, (which coincided with the
sticky point), a putty like mass was produced. On disper-
sion by shaking in water, soil so treated displayed its
greatest percentage of suspended solids and its maximum
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settling volume. If worked with an excess of water, the
gsoil formed a near liquid suspension, indicating dispersion;
however, the settling volume and percentage of suspended
solids, was considerably less. This indicated a lesser
degree of puddling, as measured by the ratioi-

* Per cent suspended solids for any scil condition

Per cent suspended solids by mechanical dispersion in FaCH solution

These experiments were, however, not supported by statistical
analysis and did not place any emphasis on soil organic
natter, which today is considered of great importance in
building soil structure. Nevertheless, the manifold
effects of puddling were emphasized, and the need for new
techniques in determining their magnitude was demonstrated.
Also, the importance of the state of ilocculation and sus-
pension of the clay and colleidel fractions, in relation to
soil structure, was apparent.

MeGeorge produced these puddling effects by kneading
the =0il with a spatula. The stress applied to the soil
was one of compression, resulting in sheer failure and soil
flow.

Bodman and Rubin (1948) emphasized a second aspect of
puddling. They measured puddling as en increased density
presumed to be due to a closure of lsrge pore space. Both
tangential (sheering) stresses and normal stress were
effective. However, they claimed that relative destruc-
tion of air filled pores was greater with compression alone.
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Thus, compressive stresses might be expected to pro-
duce in the main, increases in soil density due to the
closure of air filled pores. Similarly, shecring failure
could be expected to produce more marked puddling effects,
as defined by licGeorge above, and lesser soil density
changes.

Thus, in examining the literature, associations between
compressive stresses and density increases, sheering
failure and puddling effects, would appear to be important.

There is reason, therefore, to divide trampling into
two parts:i-

(a) An unknown trampling factor which is & measure of any
s0il changes not associated with visible poaching effects.
(b) A macroscopically visible poaching factor, which is
defined as:
The physical change in soil structure, due to the
application of normal and sheering stress to the
s0il, by the hooves of animals, measured by:

(i) The change in soil volume weight.
(ii) The change in state of soil colloids.

For present purposes property (ii) *"The change in
state of soil colloids" will be termed puddling, and
McGeorge's (1937) method of measurement of this property,
accepted as one way in which its magnitude may be estimated.

Iz the past, trampling by animals has been used to
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compact earth structures. Niddlebrooks (1943) noted
that droves of sheep were marched across esrth dawms, as the
embankment was placed, to provide the necessary compaction.
Thus it might be expected that the grazing animal would
cause soil compaction. Only circumstantial evidence for
this could be found in the literature.

The most direct evidence was found in a review of
Cerman and Austrian work om soil compaction by Brind (1952).
Work by Gliemeroth (1948) was reported as showing that:~

Compaction due to treading by a two-horse teanm,
although serious, was shallower and less Intense
than that due to the tractor ( a wheel tractor),
and affected only a quarter of the area affected
by the tractor.

Treading (by technicians apparently) was also claimed
to increase volume weights.

On the other hand many investigations, reviewed by
Pountaine and Payne (1952) establish the analogous case of
tractor tyres as a cause of soil compaction, especially at
some relatively high "optimum soil moisture content®.
Compaction was greatest at the surface and diminished with
depth, although it was reported to be detectable at 18 and
20 inches in two instances.

. From their own work, Fountaine and Payne concluded
that volume weight changes were insensitive in detecting
soil "damage" and noted the existence of surface puddling

as & geparate phenomenon.
" At certein densities, very small changes in denaity
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produced extremely large changes in air permeability
according to Buess (1950), and in water infiltration rate
(Doneen and Henderson (1953), Parker and Jemny (1945) ).
The presence of puddling could account for this apparent
anomaly. Fountaine and Payne concluded, that in future
work on tractor damage to soil structure, water and air
permeability should be studied.

Ko corresponding studies of the immediate and direct
results of animal trampling on soils,could be found in the
literature. However, survey type data of the cumulative
effects of the grazing animal on soils reveal conditions
directly analogous to tractor tyre compression.

Alderfer and Robinson (1947) reported,in Pemnnsylvania,
a denser layer (as measured by volume weight) at O-1 inch
in soil profiles under grazed Kentucky blue.crtsa - white
clover pastures, despite the higher organic matter content
of this layer. Low total porosity, non capillary porosity,
end high soll density were associated with proleonged
grazing; 4indicating closure of pore space, especially
large pore space . The impervicous nature of the compact
layer was shown by a highly significant correlation (r = 0.8)
between volume weight and average run off per cent. Run
off was measured after clipping vegetation, to equalize the
defoliative effects of different grazing intensities. This
was not reported by some other workers in this field (Van
Doren (1940 ) and their results are therefore not relevant



to the ;ff.ct of trampling on soil physical properties.

In a further more extensive investigation, Robinson
and Alderfer (1952) found soil compaction, as measured by
volume weight and pore size distribution to be more intense
in the 1-5 inch layer than in the 0=} inch layer. The
authors do not explain the greater depth of this layer as
compared with those mentioned in their earlier report.
However, the O-1 inch soil layer appeared to be higher in
organic matter in the second investigation. TFree et al.
(1947) demonstrated that soil samples high in organic
matter, were compacted to a lesser degree than those low in
organic matter, by a given compactive effort at a given
moisture content.

Also at variance with their earlier findings, Robinson
and Alderfer (1952) found that:

Attempts to correlate run off with soil organic

matter, volume weight, pore size distribution,

slope and productivity rating of the pasture
were unsuccessful, yet an examination of the
80il indicated that compaction was an impor tant
factor affecting infiltration capacity and

run off.

The authors also attributed the evidences of soil
compaction to the common practice of allowing animals to
"$ramp through pastures regardless of how wet the soil may
be".

Physical properties of soils on adjacent pairs of
plots, on grazed and ungrazed farm wood lots in Wisconsin,

were compared by Steinbremner (1951). Volume weights



were higher, but organic matter contents were lower under
grazing. Special technigues developed to determine air
permeability (¥Wilde and Steinbremmer (1950) ) and water
permeability (Steinbrenner (1950) ) were claimed to show
lower air and water permeabilities on grazed areas. Re-
sults of a similar study by Chandler (1940) were in general
agreement with these findings. However, the validity of
comparing absolute soil properties, even on adjacent areas,
which have been subjected to different treatment for years,
must be gquestioned. Many factors, such as outright pro-
file truncation by erosion, or simple vegetative cover
differences, could account for the effects attributed to
trampling. Thus, in this and in all the survey type data
discussed above, trampling is not implicated as a causal
factor, except by circumstantial evidence, and the accuracy
of the workers' subjective observations.
This criticism applies in a lesser degree to a

study reported by Johnson (1952),0of soil changes due to
eight years grazing on a wooded water shed, in the Southorﬁ
Appalachian Mountains.

| Physical changes in the soil were observed to be more
intense where cattle tended to congregate. A comparison of
fenced and unfenced plots showed a compacted layer to
develop,under visibly trampled areas,in the 2-4 inch layer
even under litter., [Frost heave was believed to loosen the
0-2 inch layer. Again, compaction was accompanied by a
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marked decrease in total pore space and a very marked de-
crease in water permeability. No significant changes were
observed on soils in areas seldom visited by animals.

In view of the confusion between trampling and grazing
effects in survey type studies, an attempt by Packer (1953)
to isolate the effect of trampling on range land rum off,
is of interest. Artificial trampling was showmn to increase
runoff zboveasafe level on certain cover classes of range.

Effects, however, were attributed to disturbance of
vegetation, and not to physical changes in the soil.
Tranpliné treatments were applied by means of a manually
operated "iron hoof". This consisted of a circular piece
of steel, one inch thick and 0.20 square feet in area, to
the lower circumference of which iron lugs were welded, to
represent "the sharp edge of the hoof". The "hoof" was
welded to a steel pipe four feet in length. The assembly
weighed 50 pounds and when dropped from a height of 4 feet,
was calculated to exert a force of 200 foot pounds on the
ground surfacePacker (1955)).

Most of this American work is concerned with soil
factors affecting summer run off and erosion, and thus soil
moisture contents and pasture production during the drier
months. |

No published reports of New Zealand work on the effects
of animal trampling could be found. However, observations
on two heavily trampled areas were obtained by private
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communication.

On the Massey Agricultursl College "Vinter" paddock
mentioned earlier, observations (Falson (1956) ) during
the 1954-55 season throw some light on the development and
nature of the poached soil condition.

The area, situated on a Manawatu silt loam soil, was
heavily grazed during summer use, but no macroscopic
trampling effects were visible, except around feed troughs.
Early autumn rains merely accentuated these effects.

As the soil moisture contents rose in the early winter,
nacroscopic trampling effects were observed and foot prints
were visible es in Pigure (3). Hooves penetrated the
surface s0il to & depth of one to three inches and most sod
disappeared. In hollows water lodged and there the top-
30il was worked into a slurry from one to three or four
inches deep, and in areas of heavy trampling, even deeper.
Such a poached soil condition is shown in Pigures (1) and
(4).

When ploughed in the spring, (Figure (4) ) the profile
showed three zones or horizons extending with almost un-
broken continuity over the whole field. These zones were:i-
(a) A zome of soil disturbance corresponding to the surface
kneaded layer which varied in depth from one to four
inches, according to the intensity of trampling. It was
structureless, darkcoloured and moist or wet in deeper
areas. It tended to merge into the underlying layer.
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(b) A "gleyed" layer underlying the disturbed sone, two
to three inches thick, bluish,dark, and water logged.
This layer was glazed by the plough and showed no struc-
ture. The bluish colour changed to brown on exposure

to the air, and was described as resembling a plough pan.
(¢) A light brown granular layer extending beneath plough
depth to the clay subsoil. This layer was crumbly and
obviously drier than the overlying layers.

On a Manawatu silt loam,Edmond (1956) determined soil
volume weights and s0il moisture content in a winter
sheep holding paddock. This paddock was part of the
experimental plots of the Department of Scientific and
Industrial Research, Grasslands Division, Palmerston North.

The paddock originally carried a permanent pasture of
perennial ryegrass, white clover and red clover. During
the late autumn and winter of the 1955-56 season, twelve
ewes per acre were held on the 2 acre area for thirteen
weeks. The animals were grazed off for approximately
three hours per day during daylight. Under this treatment
the pasture sod mainly disappeared as in the "Winter"
paddock at Massey College. ©Poaching of the surface was
observed.

In the twenty five soil cores collected, a gleyed
layer from O to 1.4 (£ 0.9) cm. deep was visible in sixteen
samples. Volume weights and soil moisture contents were
determined at three levels:- From the surface to the lower
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margin of the gleyed layer, from the lower margin of the
gleyed layer to 2.5 cm., and from 2.5 to 5.0 cm.
combination of natural and arbitrary sampling margins made
the results difficult to interpret.
were divided into three groups, according to depth and

presence or absence of the gleyed layer.

Table 1

Mean Volume weight, at three levels, of twenty five
soil samples from the winter sheep holding paddock
at Palmersion North.

This

Therefore, the data

_ Fean Volume Weight |
P of] Gleye eye
Gleyed Layer | No. of | GCleyed Layer Layer to| 2.5 cm.
depth class | Samples Layer to
(cm-) 2.5 Cl,. 5.0 cm,
20.05 = 011
0.5 cm. to
1.5 em. 13 1.03 1.315 1.355 1.277
0. 37 $0.17 | 20.17 20.074
105 cm, to 3 2.9 1.133 - 1.320
3.8 cm.

Only by this grouping could the small differences in
volume weight shown in Table I be brought out.
tions on the area suggested that the effects, though
shallower, were similar to those noted on the MNassey

Agricultural College "Vinter" paddock.

Observa-
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Soil moisture content showed a decrease with depth,
consistent with the hypothesis that trampling causes a sealing
of the surf.ce soil.,

The gleying phenomenon was attributed to the presence
of hydrated ferrous phosphate compounds (Vivianite compounds).
Their presence was belleved to be associated with poor aeration
and reducing conditions. On exposure to the air, oxidation
to the ferric state is believed to aceount for the change in
colour from bluish to yellow brown (Fife (1956) ). Gleyed
zones may be demonstrated under normal grazed pustures on other

areas of the Massey College Dairy farm, under wet soll conditions.

The physical effect of sheep folding on a 1i:ht sandy
soil in early winter was studied by Keen and Cashen (1932) at
Woburn Experimental Station in England, Using an impact
penetrometer, soil compaction was shown to be produced by 880
lamb days and 1760 sheep days per acree.

Although statistics were not applied to the results, the
evidence indicates that compression wus greatest at a depth of
3-4 em, and extended to a depth of 10 cm, Effects were not
substantially different after one month's rest,

Sieving experiments revealed that compression caused
increases in soil crumb size, which was still apparent, though
to a lesser degree, even after ploughing. The total effect of
sheep folding was believed to be beneficial on this soil type.
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Summary of Soil Physical Changes attributed to trampling,

ach or analogous cause
(a) A surface layer of soil disturbance has been noted;
in overseas reports due to tractor tyre compression; and
in Rew Zealand, due to heavy trampling, in one case by
dairy cattle and in another by sheep. This has been des-
cribed as a puddled zone. Reports of American Surveys of
effects of prolonged grazing on pastures did not mention
such a layer.
(b) A compacted soil layer has been reported at, or near,
the soil surface, and extending several inches into the
s0il profile, after either tractor tyre compression or
prolonged periods of grazing and trampling by cattle or
sheep.
(c) A_gleyed layer has been observed on a Manawatu silt
loanm, subjected to heavy stock concentrations during autumn
and winter. This layer appeared to correspond to the com-
pacted layer mentioned above. On a sheep trampled area on
the same soil type, the gleyed layer was much shallower and
corresponded in position to the disggrbod or puddled zone

mentioned above.,

(d) Low infiltration rates of air and water, high run off,

and changes in pore size distribution, according to
overseas reports, were associated with soil compaction as

measured by volume weight. These effects indicated a
sealing of the surface soil attributable to a closure of
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the large pore space in compacted surface layers.

(e) There was a fundamental difference between the American
and New Zealand approach to the problem of trampling.
American work centred on the effects of soil physical
changes responsible for high rainfall run off, and con-

sequent low summer production due to low soil moisture con-
tents,and erosion damage. New Zealand workers have observed
only the direct effects of winter trampling on soil. As
postulated in the discussion in Section B (page 14) and
implied by the use of the "Winter" paddock, the prime
interest in New Zealand was in increasing winter production.
(f) The importance of moisture comtent of the soil in

Tegulating the degree of soil change, due to a given treat-
ment, was indicated by work on tractor tyre compression.
Observations, rather than measurement, indicated that
trampling produced a greater effect on soils at high
moisture content.

The mechanism of soil compaction and sheer and its
relation to soil moisture content will be considered in the
next section. ‘

3. The Mechanism of Soil Compaction, Seil Sheer, and

the Influence of Soil Noisture Content

(a) Seil compaction
Evidence in part 2 of this section indicated that

soil compaction, as measured by volume weight change, and
infiltration rates of air and water were accompanied by
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changes in pore size distribution, indicating macro pore
collapse.

The mechanism of this change was investigated by Day
and Holmgren (1952). Sieved aggregates of each of a clay
loam and a silty clay loam were placed under controlled con-
fined pressure. Nicroscopic examination of samples at
increasing stages of compression, as measured by increased
volume weights, showed progressive closure of inter-
aggregate spaces, due to plestic deformation of the soil
aggregetes. Plastic deformation of the soil occurred
readily at a2 moisture content corresponding to the lower
plastic limit (Figure (6) ).

At lower moisture contents, incomplete closure of
inter-aggregate spaces, and reduced compression of the
sample, were attributed to increased resistarce to sheer
failure (deformation) of the sggregates. In this work
inter-aggregate spaces were largely 2ir filled.

In saturated soils Krynine (1947) stated, as a
basic concept of compression of non-aggregated clay masses,
that since soil particles and water are both incompress-
ible, compression could only occur by expulsion of water.
Compression is thus delayed, especielly in soils of low
porogity, due to the time lag as water is squeezed from
the mass.

Nichols and Baver (1930) in laboratory tests with
five soils under continuous confined compression, found
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Figure (5). Surfaces of equal stress beneath a
loaded circular footing (Tavlor (1943)).

Pigure (6). Sieved soil aggregates (1); and (2)
after controlled confined compression
(Day and Holmgren (1952)).
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that the per cent compression achieved was a function of
soll moisture content. Soils reached their maximum

state of compressibility through the plastic range. At
lower moisture contents two soils showed a2 marked fall off
in compression. Data were incomplete for other soils.

No statistical treatment was applied to these results.
Soils with different plasticity numbers, a factor related
to their clay contents, varied in their compressibility.

This draws attention to the fact that all work gquoted
deals with clay, silt clay loams, or loams, all of which
were almost certainly plastic soils.

Fountaine and Payne (1952) found evidence in the
literature, for the existence of an optimum soil moisture
content for tractor tyre soil compression.

In engineering, an optimum soil moisture content,
determined by the "Proctor Compaction Test", at which com-
paction was greatest for a given compactive effort, has
long been an established principle (Taylor (1948) page 533).

The evidence presented above suggests that soil com-
pression, by transitory trampling stresses,will be greatest
for plastic soils at an "optimum" soil moisture content.

At this optimum point the soil crumbs will have a low sheer
strength, and the inter-aggregate spaces will be mainly gas
filled. This defines a moisture content similar to the
moisture equivalent.

The proportionality of compaction to compacting stress
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has been demonstrated by several workers. Reviewing the
effects of implements on soil, Fountaine and Payne (1952)
concluded that compaction was "to a degree" proportional to
the load on the roller concerned. Baver (1948 page 325)
likewise quoted Nichol's finding that the percentage com-
paction increased with pressure in connection with soil
tillage.

Bodman and Rubin (1948) showed a proportionality
existed between the magnitude of the applied stress, whether
normal or tangential, and the increase in volune weight of
confined soil samples. Using the same apparatus, Day and
Holmgren (1952) in their work noted above, confirmed this
finding for normal stresses.

Thus, the proportionality between compmcting stiress
and the intensity of compaction produced eppears to be
well established.

Stress Dictribution in the Underground
No data were available demarking the location, if

present, of zones of compaction caused by & single hoof-
print. Soil mechanical theory provided several methods

of predicting zones of stress (Taylor (1948) Krynine (1947))
which might be expected to correspond tc zomes of com-
paction. In theory, surfaces of equal stress beneath
loaded circular footings were found to form a series of
envelopes or bulbs as in Pigure (6) (Taylor (1948) page
567). The magnitude of these was specified as a fraction
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of the unit load (q p.s.i.). In all such theories,

stress was predicted to diminish with depth,in a manner
similar to the fall off in the intensity of soil compaction
caused by tractor tyres and prolonged zsnimal grazing.

In all methods used to estimate stress distribution
in the underground, the breadth of the footing determined
the depth to which any given fraction of the unit load was
transmitted. Thus ,the breadth of the hoof, and the unit
load on the hoof, might be expected to be delerminants of
the stress distribution under an animal 's hoof, and hence
of compacted soil zones.

However, an examination of the basic assumptions
involved in the calculation of these stresa distribution
envelopes,led to the conclusion,that the exact nature of
the proportionality of the stress envelopes to breadth and
unit load,must be determined by experiment,before the
theory could be applied to surface s0ils in aitu.

(b) Soil Sheer

In the foregoing section,laboratory evidence of sheer
failure of soil aggregates during compression was presented.

It has also been noted,that in the "Wiater" paddock at
Hassey Agricultural College, the hooves of dairy stock pene-
trated the surface soil and caused soil displacement.
EZrynine (1947 pege 131) defined the displacement of a mass
of soil relative to the remsinder as the second aspect of
goil sheer. Krynine considered that any such displacement
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was opposed by the soils sheering resistance, a "passive"”
stress called forth by, and equal to, the applied or
"active" sheering stress. ¥hen an increase in the applied
stress failed to produce a correspoanding increase in the
passive stress, soil failure occurred. At this point the
sheering resistance reached 2 maximum value termed the
sheering value.

In the special case of a footing, on the surface of

an earth mass carrying a superimposed vertical load, the
sheer value, defined as the minimum unit load causing fail-

ure of the earth mass was termed the “"ultimate bearing

capacity”.
This theory applies to all cases,and there was no appar-

ent reason why it should not apply to the case of an
animal's hoof (the footing) carrying a superimposed load

in the form of a portion of the animal's weight.

The soil's sheering resigtance and ultimate bearing capacity

The sheering value of a2 s0il may also be termed its
sheer strength, shearing strength, ultims te sheering resis-
tance, or yield value.

The shear strength of some top soils in situ has been
determined by Payne and Fountaine (1952). From their
results they calculated values for the two soil parameters
¢ and #, in the usual equation for sheer streagth,

devel oped by cu:lonb_ia the 18th Century.
s=c¢c+ P tan g

where s = gheer strength
¢ = apparent cohesion
P = Total pressure normal to sheer plane
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# = Angle of sheering resistance

The parameters ¢ and g are constant only for a given
soil, under given conditions of moisture content, pretreat-
ment and numerous other factors. Ko value of ¢ or #
obtained by Payne and Fountaine, on ten soils, ranging from
sands to clays, was small enough to indicate that either
term could be neglected in Coulomb's equation.

Taylor (1948 page 577) showed mathematically that for
an actual footing the ultimate bearing capacity of that
footing was proportional tc both c and g, and also to the
breadth of the footing. Only when § = 0 could breadth be
ignored, i.e. in a "highly cohesive soil".

Summary of the mechanism of Soil Compaction, Soil Sheer,
and the influence of Soil Moisture content on these

Properties
(1) Closure of inter-aggregate spaces in soil under

confined compression, due to sheer failure of soil aggregates,
has been demonstrated experimental ly as one mechanism of
soil compaction.

(11) Evidence from many sources showed that an optimum
s0il moisture content existed for each soil, at which com-
paction was greatest for a given compactive effect. In
theory this should be a value close to the moisture equi-
valent, at which soil asggregate sheer strength is low and
large pores are gas filled.

(i11) Soil compaction has been shown to be proportional
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to the compacting stress in laboratory and field.

(iv) Theory exists by which stress zones can be pre-
dicted in idealized soil masses. The basic assumptions
involved, however, make their direct application to surface
s0ils unwarrantable until tested by experiment. Stress
distribution was, in theory, dcttrniﬁod mainly by breadth
of footing and unit load.

(v) The ultimate bearing capacity of the soil, in
plastic soils,was shown to be dependent on the breadth of
the loaded footing, and on the sheer strength of the soil.

(vi) Sheer strength was shown to be dependent on
cohesion (c) and the angle of sheering resistance (d). A
method is available for determining these parameters in
situ for surface soils. At high moisture contents, the
property of sheer strength is replaced by the property of
viscosity in plastic soils.

4. The Relation of Soil Physical Changes Induced by

Trampling to Plant Growth.
Evidence reviewed earlier in this section indicated

that tramplics, in certein circumstances, produced a
sealing of the surface soil through puddling and/or com~
paction.

The effect of "soil physical conditions on plant growth"
form the subject of a series of monographs edited by Shaw
(1952). A sealing and compaction of surface soil layers,
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could adversely affect plant growth through mechanical
impedance of roots, decreased soil aeration,and adverse
s0il moisture relationships. The importance of these
factors to plant growth was emphasized, but the critical
levels at which each became a limiting factor were not
known. Still less was known of the probable interactions
between these factors and other climatic and eudaphic fac-
tors. Clearly, channels existed shrough which trampling
could affect pasture growth, but their magnitude was unpre-
dicted.

Experimental work carried out recently by Edmond (1956)
investigated the effect of so0il physical treatments on the
growth of pasture grasses. The Manawatu silt clay loam
on which poaching observations were reported earlier was
used in all experiments.

In the first study seedlings of perennial ryegrass
(Lolium perenne) and short rotation ryegrass, ( a New
Zealand selection from hybridizations between L. perenne
and L. multiflorum) were grown in soils hydraulically com-
pressed in steel pipes. Only the highest level of com-
pression (200 p.s.i.) produced any significant effect on
growth, in the form of a reduction in root weight in the
4«8 cm. layer. Top yields were unaffected, but some growth
habit changes were observed.

It was also observed that the soil "pumped”, due to
diurnal temperature changes and slight drying and wetting
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of the soil,which was believed to cause a reduction in the
effects of the compressioa treatments.

In the second study, seedlings of the same grass
species were planted in small field plots, previously sub-
Jected to four soil treatments; control, puddled by raking
when wet, compacted, and puddled and compacted. Compac-
tion was effected by walking over the plots on short
"stilts", designed to give a compressive stress of 50 p.s.i.
when all the technician's weight was on one stilt. The
diameter of the bearing area was 37 cnm.

With both grass species, compaction produced a highly
significant increase in yield of dry matter. Puddling
significantly decreased yield, and puddling plus compaction
was consistent in raising yields over puddling alone,
although statistically this comparison was non significant.

These results served to emphasize the complexity of
the effect of trampling on growth, rather than helping to
clarify the probdlem. Soil treatments were applied at very
high moisture contents, possibly too high for effective
compaction. However, the division of poﬁching into puddling
and compaction, as in the earlier definition, appears to be
Justified by these results.

In this review of literature, evidence from several
sources suggested that trampling caused a reduction in
pore space of the soil. Lieth (1954) reached a similar
conclusion from a brief review of German literature on the
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subject. In his own experimental work,lLieth showed a
relationship to exist between pore space in the 0-5 cm.
layer and the distribution of different grassland plants.
It was claimed that statistically significant differences
in the distribution of the individual specics (apparently
gewed distribution curves) were demonstrated, and that
these, in turn, were related to the per cent pore space
of the various soil types studied. Except for a few
species of universal occurrence, these findings agreed
with earlier work by Bothmer (1952) who related the occurr-
ence of different species directly to estimated trampling
intensities.

Lieth considered that these differences in pasture
plant distribution,which were related to pore space, were
due to tréading by animals, In his discussion he summar-
ized the effects of trampling in the diagram shown in
Figure (7).

This diagram summarizes most of the paths through
which trampling was, in the earlier part of this review of
literature, considered to produce effects in the animal pas-
ture complex. To the effects already mentioned, the effects
of treading, in seed dispersal, and of light on seed ger-
mination have been added. The faCtors are considered to
operate on an association of plants in competition, and to
determine the ultimate botanical composition of the sward.

The botanical composition of the sward may influence



;merlioration

Seed w/ Forespace (¢ilth changing ots.)
\3011 air

fferential (02)

35 §
reaction of Tater
soil to regene
/ \\
Flasticlity Tempera

(Gornan tern)

neaction of plants /

. /
injury
\ |
shoot

ture (under
competition)
regeme ™ to ohanges in growth
Influonce on Intensity of light _
germination at soil surface
Y v
Population Fluctuations in plant
potential

in a sward at equilibriun

Botanical composition

Figure(7)= A scheme for the treading complex. (Idieth (1954) )

Direct influence
on plants

inhibition

. v
cm} in pasture
density



-40-

pasture production. The work of Edmond (1956),already
quoted,showed a direct effect of artificial treading on
growth. The effect of trampling An growth, as discussed
earlier, was shown to act through a similar pattern,to
that considered by Lieth to affect botanical composition.

The effects of trampling are not necessarily always
detrimental. Beneficial effects in hill country regrowth
control were noted earlier (Levy(1940) ). Trampling is
likewise recommended for the breaking in of light soils
(sands and peats) in need of consolidation, prior to the
establishment of permanent pasture.

The next chapter considers the animal factors which
determine the magnitude of trampling,and definition of
these factors is attempted.
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CHAPTER II
DEFINITIONS AND PROBLEMS IN HOOF MEASUREMENT.

In order to measure the animal faotors which determine
the magnitude ef trampling, these factors had first to be
defined. This definition is attempted in Seotion A by
ocvnsidering the channels through which trampling ooculd act
in relation to the mechanism of hoof action. In Seection
B the problems teo be investigated in measuring these faotors
are stated.

A: THE DEFINITION OF ANIMAL FACTORS IMPORTANT
IN TRAMPLING

l. Factors to be lieasured

From the review of literature, trampling was suggested
to exert its effeots through the following channels.
l. Short term wastage of pasture grown.
2. Long term effeots on pasture through:-

(a) defoliation of tillers and leaves

(b) reect disturbance

(o) physical ohanges in the soil

It is pestulated in this thesis that the most important,
essentially animal, faocters controlling these effeots are three:
1. The pumber of hoof prints.
2. The average area of the hooves.
3. The unit load carried by these hooves.

Thus the area affected by trampling will be given by:~
Avea affeoted = £ (Number of hoof prints x mean hoof area)




(Where £ = "some function of" and its purpose in the
equation is to allow for overlapping of hoof prints and any
difference between hoof area and hoof print area.)

In each of the above mentioned channels of hoof action,
wastage, defoliation, root disturbance and physical changes
in the soil, it is postulated that the greater the area
affected by trampling the greater will be the effect on
pasture or soil.

In this equation the hoof print is taken as the unit of
trampling. The magnitude of this unit is supposed to be
determined in part by the area of the hoof that made the
print.

It is further postulated, however, that to specify
fully the magnitude of a hoof print, a measure of the inten-
sity of the effect of the print must be added to the equation
above. Thus the magnitude of any trampling treatment (T)
is given by:~-

T = £ (Number of hoof prints x mean hoof area x intensity
of hoof print)

The intensity of the hoof print is regarded as being a
function of a postulated interaction of the unit load on
the hoof, and the physical condition of the soil, when the
print was made. Upon penetration of the surface of the
soil this relationship would be expected to change and
there would be a marked increase im all channels of hoof
action.
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The determination of the unit load upon a hoof during
trampling demands the full solution of the constantly
changing equilibrium of forces and vectors involved in the
action of an animal walking. The data required for such a
solution, as far as can be ascertained, has yet to be
collected.

As a first step towards the solution of this problem
it was decided to deal only with the gstatic case of a cow
standing in a standardized "static position®. Measurements
obtained could be used for comparisons between animals and
classes, but not for absolute values.

The number of footsteps was considered to be a partly
managemental, rather than an essentially animal factor. The
determination of number of hoof prints was thus a different
type of study and was not included in this thesis. Instead
measurements were confined to hoof features determining the
magnitude of the hoof print which has already been taken as
the unit of trampling.

There are two hoof features therefore to be defined,
namely, average area and unit load. In order to define
these features a model case will be considered of the
forces involved in the supporting of a loaded hoof by the
soil (termed "hoof action”). In this particular case
attention will be given to those factors which goveran pene-
tration of the hoof into the soil, as it is postulated that
this will cause an increase in all phases of trampling
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effects, and especially in root disturbance and physical
changes in the soil.

2. The Mechanics of Hoof Action on Seil

The following analysis of hoof action on soil is
modelled on Krynine's approach to the "basic problem of
s0il mechanics” (Krynine (1947), page 91) ). The hoof
is regarded as a footing, A.square inch in area, resting

on a horizontal soil surface and carrying & superimposed
load of W. 1lb. (Figure 8(a) ).

Two problems are posed:
(a) Stability

%ill the soil under the hoof support the hoof and
its superimposed loads, or will it fail in some way and
thus allow the hoof to penetrate the soil surface?
(b) Deformation

Whether the so0il mentioned in the preceding question
fails or not, provided an equilibrium is reached, either
before or after failure, what are the conditions of this
equilibrium and what are the orders of the deformations
of the soil, in the form of compression, and/or sheer

failure zones?

(a) Stability Problems

(1) Conditions for Stability. In Pigure 8(a) the
load ¥V causes the hoof to exert an active stress of P

pes.i. upon the soil, where
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= % (P = Unit load on hoof)

This causes the soil immediately beneath the hoof to
deform slightly. This deformation, measurable as the
strain, calls forth a "passive" or resistive stress of Q
Pe.s.i. The total soil reactive force R 1lb. is given by

R=Qx A
Q increases as the strain increases, provided Hooke's lLaw
holds, until at equilibrium

R = W (but opposite in direction)
and deformation ceases, with negligible hoof penetration.

This then is a condition of gtability.

(i1) Conditions for failure. Suppose ¥ to increase to
a point at which the proportionality be tween stress and
strain ceases. (Hooke's Law no longer holds). The resist-

ance of the soil to the deforming astress is considered to be
exhausted and failure occurs.

At this point the ultimate bearing capacity has been
exceeded. Thus if Q' p.s.i. is the ultimate bearing
capacity of the soil, the condition for failure is that:

P> Q
And the condition for stability is that:
P<Q*

The value of Q' (ultimate bearing capacity) as dis-
cusced in the review of literature is dependent upon the
sheer strength of the soil. This, however, is an over
simplification, for as noted earlier the ultimate bearing
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capacity of an actual footing on a soil is also proportion-
al to the breadth of the footing.

Thus the animal factors which affect hoof penetration
are the determinants of P and breadth.

Since P *-} the animal factors are the weight on the
hoof, the bearing area, and the breadth of the hoof (and for
even greater exactness, the shape of the hoof would ultimate-
ly be required).

Termination of Penetration

Penetration of the hoof will continue until R> W,

This condition could arise through an increase in bearing or
contact area A, (since R = Q x A), by the dew claws coming
into contact with the soil (breadth and load being regarded
as constant). Alternatively Q' could increase, through an
increase in the sheer strength of the soil, due to physical
changes in the soil with increasing depth.

¥hile other explanations for this are possible, it was
seen in the review of literature that surface soils are not
homogeneous and it need only be assumed that the hoof strikes
a deep layer of imherently higher sheer strength, due either
to increased density, decreased soil moisture coantent, or
different soil structure. Thus penetration ceases at a
depth of d inches.

&Tea affected by pemetration

It is obvious that the area affected by hoof penetration

includes the area between the two claws of the hoof as well
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as the bearing area. This will be termed the enclosed
area. Ag square inches. This enclosed area is the area
involved in the calculation of area affected by trampling.
(b) Deformation Problems

Two cases of equilibrium have already been shown in
Pigure ©:~ (a) at the surface without sheer failure and (b)
at the termination of hoof penetration at a depth d. The
distribution of sheer and compression zones for each case
will now be considered.

(1) Soil Sheer Zones. By definition no sheer failure

occurs in the case of diagream (a). In the second instance
sheer has obviously occurred and the volume of soil displaced
is given by:

Ag x d square inches.

This displaced soil must occupy space in the immediate
vicinity of the hoof where zones of soil flow are located.
These zones can be predicted for idealized masses, but
because, as mentioned earlier, surface soils are not homo-
geneous, such predictions can hardly be justified for sur-
face soils.

(11) Soil Compression Zomes. Zones of soil compression
can be predicted for idealized masses, but, as with zones
of soil sheer, this theory cannot be applied to surface
soils with any guarantee of exactitude. It is possible,
however, to predict that stress zones will exist, and that
unit load, P, and breadth of the hoof will be the most likely
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determinants of their dimensions. Compressed zones are
likely to correspond to these zones of stress.

The possible location of zones of compaction (-c-)
have been sketched in beneath the hoof in Figure (8)
(a) and (b) using the stress distribution envelopes of
Figure (6) as a model. Whether compaction will occur in
any given stress zone will depend on soil factors. In the
light of Day and Holmgrens work, cited earlier, if the
stress in any zone exceeds the sheer strength of the soil
aggregates, compaction would be anticipated to occur due to
closure of the large pore spaces.
(c) Effect of concavity of Bearing Area

Sisson (1914) stated that the unier surface of the

hoof of the ox is slightly concave. Field observations in
the Massey Agricultural College dairy herd also suggested
that the cross section of the hoof is more accurately re-
presented by Figure (8) (c). Clearly, if no hoof pene~
tration occurs, extremely high pressures will be exerted on
the soil due to the small bearing area. Purther, there
will be gradients in the intensity of the vertical compon-
ents of the resistive soil forces (Qy) and hence in the
applied stresses, due to unequal deformation, or strain,
as the hoof penetrates the soil. Krynine (1947) showed
that stress distribution depends on the rigidity of the
footing, and on the nature of the earth mass.

Thus while the factors of weight and bearing area may
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be estimated, and the unit load calculated, the actual
pressures beneath the hoof may be quite variable, especially
in the case of a concave hoof.

The bearing area to be used in calculating average unit
load is the vertical projection of those parts of the hoof,
as shown in Pigure (8) (c) actually in contact with the
80il. Further the area (A square inches) in contact with
the soil in the case of a concave hoof will be determined by
the weight on the hoof, and the mean vertical soil reaction
per square inch (Ty) given by

T

The greater the hoof load (7), the greater will be the
bearing area (A). Conversely the greater the vertical
soil resistive forces (Qy) the smaller the bearing area (A).
Bearing area (A) is thus only in part an animal factor. If
however, A reaches a maximum value at a certain depth of
penetration then at this, and at greater depths, A is a
fixed animal hoof characteristic. This maximum value of
A therefore, appears t0 be the area to be measured for the
calculaiion of average unit load on the hoof.

In the case of a concave hoof, there will be a horizon-
tal component of the soil reaction which will act outwards
on each claw of the hoof, so as to spread the toes apars.
Frictional forces and the reaction of the soil surrounding
the outer wall of the hoof will tend to oppose this., With
the concave hoof, however, the actual enclosed area would be
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expeoted to vary under the influenoce of these horisontal
soll forces, and possibly to inerease on soil penmetration.
(d) Hoef Shape. In disoussing the mechanios of hoof aotion
it was assumed that the hoof was conposed of twe elaws or
hooflets of the oross sceotion shown in Figure (8). These
hooflets were oonsidered to be equal in area and to act as

a unit, eaoh bearing an equal share of the hoof load.

As mentioned earlier, breadth is the main hoof shape
faoctor, important in problems of hoof action. The precise
determination of relative hoof shape poses a very difficult
problem. For present purpoeses, hoof shape would appear to
be sufficiently determined by the measurement of the bearing
area of each hooflet and by measurement of breadth and length
of the hoof.

In the event of the hooflets of the hoof being unequal
in area, the assumption would automatieally be made, that
the hoof load was distridbuted to each hooflet in proportion
to its respeotive area. Thus the unit loads oo the hoof-
lets within each hoof are oconsidered to be equal.

(e) Summary. The animal faoctors invelved in the trampling
unit defined as the footprint may thus be restated:~

1. Enclosed area of hoof (The determinant of the area
affeoted by the hoof print.)

2. Bearing avea of hoef) The animal determinants of depth of
3. Load on hoef ponetration and of deformed senes,
4. Breadth of hoof in problems of hoef aotien.
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5. Shape of bearing area of hoof. (Important for the

reasons given above and especially in determining the depth

of penetration at which area measurements of an animal,

rather than an animal soil nature should be taken).

6. Hoof shape: The determination of the relative bearing

area of each hooflet of the hoof is a secondary aspect

of bearing area measurement. (Hoof shape may further be

defined by length of the hoof, and breadth of the hoof).
These factors are defined, for the purposes of

measurement, in the following section.

3. Definition of the Animal Features to be Neasured

As preliminary observations indicated that the hoof
bearing surface was concave, it was necessary to introduce
the concept of hoof contour lines in order to define hoof
factors. These are virtually lines demarcating the con-
tact areas of the hoof at different depths of soil penetra-
tion.

(a) Hoof Contour Line (or "Contour Line")

A line analogous to a contour line in mapping; it
marks the intersection of any horizontal plane with the
surface of the hoof, when the hoof is at rest on its normal
"Zero Bearing Surfaces" on a horizontal hard surface.

Individual contour lines are specified by their
vertical height from the basal horizontal surface.



(b) Hoof Bearing Area (or “Bearing Area”)

The area of the vertical projection of any specified
contour line, or the outer margin of any lower part of the
hoof which projects beyond the mergins of the contour line,
50 as to increase the projected area.

The bearing areas are spccified in terams of the specif-
ic contour line from which they have been measured. There
is a bearing area for each hooflet or hoof claw. The term
"bearing area” when applied to a hoof or hooves means the
sumnation of the bearing areas of each claw of the hoof.
(c) Enclosed Hoof Area ("Enclosed Area")

The area of the vertical projection of the hoof bearing
surfaces, plus the area of the vertical projection of the
space between the hoof bearing surfaces, bounded in front
by the straight line Jjoining the two foremost points of the
bearing surface of each hooflet (the front terminel line),
and at the rear by the straight line joining the two rear-
most points of the bearing surface of each hooflet (the
rear terminal line).

In the measurement of the enclosed area the position
of the toes was either "the toess together positioa” in
which case the toes touched or almdst touched or “the toes
- apart position”, in which case the toes were spread as far

apart as possidble with finger pressure.

(2) Length of Hoef
The length of the straight line joining the mid-points
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Figure (8). Diagram of hoof action at three equilibriums.
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of front and rear terminal lines of a hoof. This straight
line is termed the centre line or axis of the hoof, and its
mid-point termed the "centre of the hoof“.
(e) Breadth of Hoof

The length of the longest straight line, at right
angles to the centre line, joining two points in the bearing
area of the hoof. This line is termed the "breadth line".
(f) Static Stance

For the purposes of measuring the static weight carried
on an animal‘'s hooves, the following definition of a static
condition or stance was adopted;-

In the "static stance" the animal should stand motion-
less on all four feet with its legs approximately vertical,
and head held in an idling position so that the back line is
relatively horizontal.

B. PROBLEMS TO BE INVESTIGATED BY HOOF FACTOR MEASURE=-
| MERT IN RELATIOR T0 THE GENERAL EXPERIMERTAL
LAY OUT

In Section A of this chapter the trampling factors to
be measured were reduced to:
1. Bearing Area) and hence Unit
2, Hoof Load Hoof Load
3. Enclosed ‘rea

4. Shape of Bearing Area
5. Breadth
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6. Length
7. Relative area of each hooflet of the hoof.
For practical reasons measurements were restricted to
animals of Massey Agricultural College Jersey and Friesian

herds.

1. Problems to be investigated and classification of

enimals and hooves

The hy otheses concerning the measurements and the
purposes for which the data could be used determined the
animals which were selected for measurement.

In formulating hypotheses little helpful information
was obtained from the literature. However, after the in-
vestigation was in progress, the limited data presented in
full in Table II was obtained by private communication from
Swett (1955).
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Table II
Bearing Surface Arez and Weight Supported
per square inch in Dairy Cattle

No. of|Live Front Rear | Bearing surface area | Weight supported
Cow |Weight | Quarters|Quarters of feet (Square inch) per square inch
Front | Rear | Total lbs.
220 1465 820 643 | 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 2l.4
34 Mo.
[Holstein 220 9.06 8.02| 17.10 12.6

It appears that nature builds the foundation in proportioen
to the load to be carried.

Report prepared by Mr. A.R. Kelly, Bureau of Public Roads.
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This data was collected "several years ago"” and no
information as to the techniques used or the method of cal-
culating weight supported per square inch was available.
This data tended to confirm hypotheses which had already
been formulated.

From field observations, it was postulated that
Friesians, the larger breed, would have larger hoof factors
than Jerseys. It was also postulated that mature animals
would have larger hoof factors than immature animals.
Animals were therefore classified according to breed and
age for two reasons.

Firstly, to evaluate statistically these postulates
and so obtain information useful in future experimental
work or in animal and pasture management.

Secondly, if class differences were found to exist;
by eliminating class differences from the group variance,
estimates of sub-group population parameters could be made
with greater precision than corresponding estimates for
the total population.

Thus, depending on the magnitude of age and breed
differences, estimates of sub-class parameters may at the
one time be more useful and more precise.

To obtain an indication of the reliability of sampling
and to test the appropriate hypotheses, an estimation of
the variation of cows within ages within breeds was required.
This then provided a further breakdown of the groups to
individual animals.
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EKnowledge of the variation of hoof factors within
animals between each of the four possible hoof positions,
termed “"corners", was also required. If variation within
cows between corners was very small, then only one hoof
need be measured to obtain a satisfactory estimate of the
hoof features of that animal. It was postulated that
bilateral symmetry existed between corners within cows. In
order to test this hypothesis, corners were classified
into "sides" (left or right). It was also postulated
that a front-rear difference would be found and corners
were therefore further classified into "Ends" (front or
rear).

Repeat measurements were required within hooves in
order to estimate the repeatability of the measurement
techniques employed.

2. General layout of Experimental Work

The first step in the experimental work was the devel-
opment of techniques of hoof measurement. Por this part
of the work, randomly selected mature cows were used and
the repeatability of measurements of a single hoof was used
as one criterion of the value of the measurement technique
under test.

In this and other preliminary work investigations were
confined mainly to hoof bearing area measurement. This
was justified by the fact that all hoof factors were
defined in terms of the bearing area boundaries. In this
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way a method of producing a replica of the hoof, by means
of a hoof cast ,and a technique for the measurement of the
hoof area of this replica was developed. This is des-
cribed in Chapter III.

It was necessary to test these technigues over a wide
range of hooves. The hoof sampling system employed was
made comprehensive enough to obtain preliminary information
on all the factors which were postulated to cause variation
in hoof measurements, as summarized by:-

1. Breed
2. Age within breed
3. Animals within ages
4. Corners within animals (Sides
Ends
5. Repeat measurements within corners

Because Jerseys are the dominant breed in New Zealand
work centred on this breed. Thus the animals of Group I
consisted of thirty Jerseys (ten mature, ten 3-year-olds
and ten 2-year-olds) and ten mature Friesians. The
measurement of bearing area shape and the measurement of
hooflet bearing area was confined to the Jersey animals.

The source of the Group I sample of animals, the
method of obtaining the hoof casts and the measurement of
these casts form the basis of the three chapters of Part
II of this thesis.

It was necessary to specify a standard contour height



-59-

for measurement of hoof factors. This was done after
determining the bearing area at seven different contour
levels on a sub sample of the Jersey hoof casts. This
gave a measure of bearing area shape and is reported in
Chapter IV. |Measurement of the hoof bearing areas of the
animals of Group I was then possible. The results are
reported in Chapter V of this thesis.

In order to obtain an estimate of the relative bearing
area of each hooflet of the hoof, hooflet bearing areas
were recorded for the Jersey animals of Group I. These
results are also presented in Chapter V.

The static hoof load for front and rear hooves of
these animals was determined concurrently with hoof mould-
ing. Individual hoof loads were not determined because
the necessary equipment was not available. It was consid=-
ered that differences between sides (unlike end differences)
could not be related to any obvious feature of animal shape.

The techniques used and the results of the Joad
determinations are presented in Chapter VI. Calculated
unit loads on the front and rear hooves, from the weight
and bearing area data, are also presented in the second
section of Chapter VI.

The conclusions drawn from Chapters V and VI deter-

mined the design of Part III of the thesis im which a full
survey of hoof features of Jersey animals from the College
herd is deseribed.
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CHAPTER III
THE DEVELOPKENT OF TECHNIQUES OF HOOF MEASUREMENT
Introduction

A search of the literature provided little information
on techniques of hoof measurement. Scott Blir (1937)
mentioned measurement of the contact area of the foot of a
man by "observing the wear on a pair of old rubber boots”.
This worker also guoted work by Ballu (1937) (the original
of which was not available), who calculated that:-

An ordinar; farm horse exerts, under its own weight, 2
compressive stresses of the order of 2000-4000 gm/cm“.
if 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-

ing area of the hoof in this calculation.

As neither of these methods of contact area measurement
was applicable to this study, it was clear that new tech-
niques would have to be developed. In this, technigues
were required to be as simple as possible and were also
required to measure hoof features in terms of their defin-
itions. Finally, under test, techniques were required to
be repeatable, and if possible unbiassed.

Work dealt mainly with the development of a techanigue
of bearing area measurement, as this was regarded as the
basic hoof feature. The successive steps in the development



of satisfactory techniques are given in Sections A to E of
this Charter.

A, TPRELIMINARY TECHNRIQUES

Direct measurement of the hoof in the field was found
to be impossible, due to the difficulty of controlling the
animal. Efforts were made therefore to make a tracing,
print or other replica of the hoof, which could be taken to
the laboratory for measurement. The following methods of
producing an essentially two dimensional replica of the
hoof were tested first, because of their simplicity, using
several randomly selected mature dairy cows as test
animals:

(i) Direct Tracing. In this method the hoof was

placed upon a sheet of paper and the outline traced with a
pencil.
(11) Photographic Method. A photograph was takea of

the underside of the hoof and the image so obtained was
treated as a hoof print.

(iii) Printing techmnigues. These included inking the
hoof and printing direct on to paper, standing the hoof on
a sheet of paper overlying an inked pad, and standing the
hoof on a rubber diaphragm inked on the underside and
stretched over a sheet of paper. In each case different
underpads of sponge rubber were used of three thicknesses,
&, /16 or } inch,



(iv) Tinfoil impression method. In this method the
hoof was placed on a sheet of foil over a sponge rubber pad.
The foil retained sn impression of the hoof im the form of
bruised areas.

In all, over 150 prints of sufficient gquality for
laboratory study were made by these methods. However, in
no case could the contact areas of the hoof be related to
any contour line at an imaginary depth of soil penetration.
This was because the inner margins and heel of each hooflet
were poorly demarked. Thus these techniques did not fulfil
the first criterion that features must be measured in terms
of the definitions of those features. These technigues
were therefore discarded.

It was further concluded that a hoof moulding and
casting technigue was required to produce & three dimersional
replica of the lower hoof, on which hoof features could be
delineated by actual contour lines. The development of
such a casting-moulding technique is described in the next

section.
B. HOOF MOULDING AND CASTING TECHEIQUE

By this method a replica of the lower hoof surfaces
was produced in the form of a plaster of Paris "cast". Two
steps were involved in this process vaich is termed "hoof
casting®. Pirstly, a mould was made of the hoof (hoof
moulding). Secondly, the mould was used to make the
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plaster of Paris replica or "hoof cast” (hoof casting).

1. Hoof liculding Technigue
(2) Materials and Treatment of Materials

The moulding material used consisted of a wax mixture
semi-plastic at normal field temperatures, but with
sufficient rigidity to retain the impression of a hoof in-
definitely. The mixture showed no definite point at which
solidification occurred, but a very marked increase in vis-
cosity occurred between 51°C and 47°C. The composition of

the mixture was:

Paraffin #ax M.P. 125%=130°C 33%
Petrolatum 31%
Liquid Paraffin 22%
Microcrystalline Wax ¥, P. 155%9-160°C 14%

For mould containers 1 inch x 73 or 8} inch circular
pressed tinned steel Jdishes were used.

The wax was heated and poured into the containers to
form a layer approximately half an inch deep (Figure (9) ).
After use the wax was removed from the containers and heated
with water. Water and contaminants in the form of grit,
dirt and plaster of Paris, sank to the bottom and the clear
wax could then be re-used.

(b) Hethod

In hoof moulding, hooves were first cleaned with water

from a high pressure hose. Then, with the animal haltered



Figure (10). Hoof in process of moulding.
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on a short lead on a level concrete yard, the hoof to be
printed was examined for cleanliness and abnormalities.
After inspection, while still wet, the hoof was placed on
top of the freshly prepared wax layer in a mould container.
The animal's weight was moved squarely on to the hoof, so
that the hoof penetrated the wax to the bottom of the mould
container. This required several seconds due to the
rigidity of the wax. The mould was then very closely in-
spected to ensure "all round" contact of the wax to the
hoof (Figure (10)) Wherever necessary, mainly at the heel,
the wax was forced into firm contact with the hoof.

After careful removal from the hoof, the mould was
checked for defects, and if found satisfactory, labelled
with the experimental number of the animal, and with letters
to identify the particular hoof which had been printed.

The mould (Pigure (12) ) vas then ready for casting.

2. Hoof Casting Technigue

(a) Materials and Tests of Materials
The casting material used consisted of casting plaster

of Paris obtained from builders' suppliers. A shrinkage
(or expansion) test was carried out on this material and is
reported in Appendix A. Three wax moulds were made
(Dimensions 12 x 14 x § inch) and in the bottom of each, an
impression was made of the edge of a sheet of glass 1127/32
inch long. Three plaster bars were cast from the moulds,



each from plaster slurries of different consistency.
Measurements were taken of the lengths of the casts of the
glass sheet, at various intervals of time. The maximum
difference observed between any of these measurements and
the length of the glass sheet was less than l/32 inch and
could be attributed to measurement error.

It was concluded that neither shrinkage nor expansion,
due to either the nature of the éasting material or its
consistency,was likely to introduce any significant bias
into the casting technigue.

Keyway blocks were made of wood to the pattern of the
master keyway block (Figure (20) ). These blocks were used
in casting to make a keyway in the upper side of the cast,
as shown in Figure (1ll1). This keyway was used later to

mount the hoof during measurement (Measurement technigue II

page 76).
(b) Method

Hoof casts were made by pouring a thick slurry of
plaster of Paris and cold water into the hoof moulds. Before
setting commenced a keyway block was pressed into the top
of the plaster, at right angles to the centre line, as shomn
in Pigure (1I) and the cast labelled.

During hardening the moulds and casts were immersed in
cold water. This reduced heating and drying of the plaster,
and was essential for clean separation of cast from wax.
After a minimum of one hour the casts were removed from the



Figure (11). Key Way block in uee in hoof casting.

Figure (12). Hoof mould ready for casting.
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moulds and were then ready for measurement.

Tests of the repeatability of this technique could not
be undertaken until measurement techniques were developed.
This is reported in the next section, C, and tests of the
combined measurement and c=sting technigues form the subject
of the pilot trial, D. (Keyway blocks were not used in
this trisl, as a satisfactory hoof cast mounting device had
not been made at that time.)

C. TECHANIQUES OF MEASURENENT OF HOOF CAST

Two steps were involved in the measurement of a hoof
cast. Pirst, s contour line was marked on the cast (con-
tour lining) and second, features delineated by this line
were measured (measuring).

At first a "waterline" technigue of contour lining was
used. This was used in the pilot trial and is described
below. Later (Section E) a "scratchline" technique was
developed and used in all subsequent work.

Similarly, area measurement progressed through two
stages. The first of these is described below, and was
used in the pilot trial. The second measurement ¢ echnique
(II) is deseribed in Section E.

The measurement of linear features was straight forward,
and the few preliminary tests carried out do not warrant

report.
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Figure (13).
levelling Assembly:
Elevation.

(1) Bracket
(2) Upper Pointer
(3) Lower Pointer

Figure (14).
levelling Assembly Plan:

Showing position of cast
(¢) on plate glass dur=-
ing contourlining.
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1. Waterline Contouring Technigue

(a) Materials

The apparatus used comprised the levelling assembly
shown in Figure (13), and a plastic trough 22 x 13 x 1}
inch. The levelling assembly couQistoa of a sheet of plate
glass 15 x 11 x 4 inch carried on three identical brackets..
Each bracket carried two threaded pointers. The upper
pointers were adjustable to any predetermined height above
the plate glass. The lower pointers were used to level
the assembly.

(b) Method

In operatioun, after adjustament of the upper pointers
to the required height, the levelling assembly was placed
in the plastic trough containing methylene blue dye solution.
The lower pointers were then adjusted until each of the
upper pointers appeared to touch its om reflection in the
dye solution.

The hoof casts to be contour lined were then placed in
turn on the plate glass for approximately three seconds
(Figure (14)). A waterline contour, the height of which
was determined by the setting of the upper pointers, was
marked on the casts by this process (Figure (15)).

2. Measurement of Hoof Areas (Technigue I)

(a) Materials
A fixed arm "Allbrit" Polar FPlanimeter, Instrument No.
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8610, was used to measure area. A drawing board and an
acetate sheet 15 x 15 x 0.025 inch completed the equip-
ment.

(b) Method

The inverted hoof cast was placed alongside the drawing
board,and the upper surfaces of each brought level by means
of cardboard supporting strips. The acetate sheet was
placed over the board and the cast. The planimeter was
placed in position on the acetate sheet. The bearing area
of the hoof was measured by tracing the dyed outlines of
the cast, visible through the acetate sheet,with the plani-
meter in the normal manner. Enclosed areas were similarly
measured.

During measurement,the acetate sheet was essential to
keep the planimeter tracer bar level,and to support the
planimeter measuring wheel when this moved off the drawing
board.

These techniques were tested in the pilot trial des-
cribed in the next Section, and modifications were sub-

sequently made (Section E).
D. PILOT TRIAL

It was considered that the hoof moulding - casting -
contour-lining technique, and the measurement technigue,
although complex, fulfilled the first criterion of a
satisfactory hoof measurement method, in that features
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could be measured in accordance with their definitions.
This Pilot Trial was intended to appraise the practical
usefulness of these technigues and their accuracy in terms
of the repeatability of measurement. !6 practical method
of detecting bias in measurement could be conceived.

1. Objects
(a) To test the hoof moulding - casting - waterline-contour-
ing technique,and the method of measurement (Technigue I)
from a practical aspect.
(b) To obtain an estimate of the repeatability of each of
the two above groups of techniques.

2. Source of Data and Technigues

Ten successive hoof casts of one hoof of a mature
Jersey cow were made by the hoof moulding and casting tech-
nique described in Section B. These casts were contour
lired at a height of 2/20 inch by the waterline technigue
(Section C). Bearing areas and also enclosed areas were
measured in triplicate by measurement Technigue I (Section C).

3. Results

The measurements obtained of bearing area and enclosed
area are recorded in Appendix B, In order to calculate
the components of the variance due to moulding - casting -
contour-lining technigue, and planimeter measurement tech-
nique, an analysis of variance was carried out on each set
of area results. These analyses together with means, and
the standard deviations  the respective components of the
variance, are presented in !hblo II1I1.
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Pilot Trial:
and of enclosed area dataj

Table III

‘nalyses of Variance of bearing area data

estimates of the standard

deviations of the moulding - casting -~ contour-l

technique,

and of the measurement technigue Sg.

Bearing Area (Sq. in.)
Mean = 11.46 £ 0.21

S¢ = £0.20
Sy & 40.090

20.37
20.264

Enclosed Area (sg.in.)
13.43 & 0.57

o!
Source Expectation Bear Area Egg;gggg Area
of a.f. " of ean ean
Variation Mean Sguare Square F Square 4
Between Casts | 9 | S2 + 3 52 | 0.1293 | 15.90%%| 0.4748 | 6.83ee
Measurements
within casts | 20 | §2 0.008135 0.06956
(%% p 0.01)
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The highly significant F ratio, obtained in each
analysis of variance, indicates that the method of plani-
meter measurement employed was sensitive enough to detect
differences between casts of the one hoof, when three
measurements were made on each of the ten casts.

Estimates of the repeatability of the casting - mould-
ing and contour-lining technigues (termed “"casting") or
the messurement techniques are given by the square root of
the respective components of variance. For instance, the
estimate of the standard deviation of measurement of bear-
ing area, Sy = & 0.09 may be interpreted to mean that two
thirds of all repeat measurements of a standard hoof cast
would be expected to differ from their mean by less than
X 0.09 square inch (assuming normality of distribution).

The estimate of the standard deviation of cesting,

Se = % 0.20, for bearing area, similarly indicated that,
given a standard hoof to mould, cast and contour-line
repeatedly, (provided the casts could be measured without
error) two thirds of all measurements of bearing area of
the standard hoof would be expected to differ from their
mean by less than ¥ o0.20 square inch, .

The components of variance for the enclosed area data
may be interpreted in a similar way. The slightly larger
estimate of S, was attributed to variation in position of
the claws of the hoof. Similarly, the larger S, was
attributed to the difficulty in tracing the rear terminal
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line with the planimeter.

In practice, the field work was simpler and more
rapid than any of the hoof printing techniques tried pre-
viously. However, the laboratory contouring and measuring
technigues were not so satisfactory.

In waterline contouring, meniscus effects were
observed to increase the height of the contour line where
the hoof met the soclution at an acute angle.

In measurement of the cast there was a possibility
that parallax errors produced a bias in area estimates.
Levelling of the hoof cast for measurement was slow and
inaccurate.

4. Conclusions

It was concluded that:-

(a) From a practical aspect the hoof - moulding - casting
technique was feasible. Its repeatability was sufficient
to justify its use in a further trial in which the repeat-
ability could be rechecked over 2 wide range of hooves.
Thus hoof casting of the animals of Group I was undertaken.
(b) The water-line contouring technique, because of the
observed meniscus effects, required further investigation,
especially in relation to the absolute height of the con-
tour line. This is reported in Section E, using hoof
casts from Group I animals.

(¢) The measurement technique (Technique I) required
extensive modifications to eliminate the possibility of
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parallax errors, and to facilitate cast levelling. Such
modifications are reported in Section E.

E. MODIFICATION OF CONTOUR LINING
ARD PEASUREMERT TECHNIQUES

1. leasurement of Waterline Contour Height

(a) Object
To determine the absolute vertical height of the

water-line contour, at the side and at the heel of each
hooflet, on a range of hoof casts.
(b) Source of Data

Thirty hoof casts were selected, oune from each of
the six casts per Jersey cow of the animals of Group I.
Ten casts were thus obtained from each of the Jersey age
classes, mature, three year and two year olds. Sampling
ensured that within cows, each corner had an egual oppor-
tunity of being represented, and further, that sampling
was at random within repeat casts of the one cormer.
(¢) Zechnigues

Waterline contours were marked on the hooves by the
technique described in Section C, with the upper pointers
set at %/20 inch, so as to give a contour line at a
vertical height of approximestely >/20 inch. The height
of this water line was measured at random points at the
side and heel of each hooflet by placing the hoof on e
sheet of plate glass and gauging the height of the water
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The
blocks were 1 inch square and the smallest vertical inter-
val between blocks was 1/20 inch.

line with glass measuring blocks of kmown thickness.

Heasurements were
estimated to half this interval.
(d) Results

The measurements obtained are presented in Appendix
C. Inspection of these data reveals a rounding effect
due to the estimation of heights to half the unit of
measurement. Thus the apparent constancy of height of
the water-line in some groups is misleading. The mean,
standard error and range for side and heel positions of

each age class are presented in Table IV.

Table IV
Mean Vertical Contour Line Height, at side and
heel positions on a subsample of hoof casts,

from three Jersey age classes of the animals

of Croup I.
Heel Side
Class Nean Range Mean Range
(T720in) | (X/20in) (4/20in) | (+/2010J
Nature 5.275 5-6 4.875 4 -5
20,067 20,062
3~year-old| 5.175 5.5 4.850 4 - 5.5
20.055 - 40,089
2=-year-old| 5.025 5 - 5.5 4.675 4 -5
20.025 £0.09
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The measurements show that the contour line was not
absolutely constant in height. The higher means for the
heel position, compared to the side position, also tend
to confirm the hypothesis that meniscus effects caused the
water-line to rise,where the cast met the solution at an
acute angle. In such circumstances a slight increase in
contour height must, of geometrical necessity, produce a
disproportionately large increase in bearing area. The
errors in the waterline contour heights were, however,
guite small and did not exceed 2 1/20 inch.

During measurenment of vertical contour height, it
was found possible to etch a scratchline on the hoof with
a corner of the measuring block. It was apparent that
this could be used as a method of contouring the hoof cast.
Such scratch lines etched round hedf casts formed contour
lines which, because of their accuracy of height, fulfilled
the definition of contour line exactly. This method was
therefore adopted as the standard technigue, the full des-
cription of which is given below.

(Further preliminary tests showed that the lowest con-
tour that coulg be marked on a cast by the water-line
method uat at 5/20 inch, with the depth of the marking

solution 4 /20 inch. The -gr.tchline technigue could,
however, be used to etch a 1/20 inch contour on a cast).

2. Scratchline Contouring Technigue
(a) Materials

The materials comprised a sheet of plate glass 9 x 7
x + inch and seven glass marking blocks 1 inch square,
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ranging in thickness from 1/20 to 7,20 inch in 1/20 inch
steps. The maximum error in thickmess of all blecks used
was less than 0.0025 inch.

A trough of methylene blue dye solution was also used.
(b) Method

Hoof casts to be contoured were first dipped to

approximately the half inch contour in methylene blue dye

solution.

Each cast was drained and broken in two along the
centre line. Each hooflet was placed in turn on its zero
bearing surfaces on the plate glass. While held firmly in
this position, a scratchline was etched around the hooflet
with an upper corner of the appropriate marking block. The
scratchline appeared as a white line on the blue stained
cast (Figures (15)and (16) ).

3. Modified Measurement Technigue (Technigue II)

Two faults were noted in me asurement Technique I
(page 72), the possibility of parallax errors, and the
tedious method of hoof levelling. These faults were vir-
tually eliminated by using modified apparatus. A measuring
board was made on which to mount and level the hoof during
measurement, and a new planimeter adapted for use in con-
junction with the board.
(a) Materials

(i) Planimeter. An "Allbrit" Polar Planimeter, with
adjustable tracer bar, Instrument No. 22967, was obtained.



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

Figure (16). Bearing surfaces of scratchline contoured casts,
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Its accuracy was checked using the checking rule supplied,
which enabled a standard circle to be described without
tracing errors (Figure (17) ). After several adjustments
had been effected, it was conacl uded from these tests that
no detectables bias (< 0.01 iquare inch.) wuld be intro-
duced by using the instrument in the "right hand position”
(Figure (18) ) only. (Otherwise, averaging of right and
left hand position measurements would have been necessary).
It was also found that errors due to inherent inaccuracies
of the planimeter were not larger than the smallest gquantity
that could be read on the measuring wheel (0.0l square
inch.). (The results of these tests are lodged with the
Dairy Husbandry Department, Massey Agricultural College).
(ii) Planimeter Attachments. The tracer bar extension

was constructed from the drawing reproduced full size in
Figure (19). The shaft (3) was drawfiled tc the dimensions
of the tracer bar, and drilled from each end for lightness.
The four locking screws (2), when tightened evenly, clamped
the shaft rigidly to the tracer bar of the planimeter.

The adjustable skid (4) served to level the tracer
bar and extension and was held in position by a locknut.

A finger grip was later fitted to its upper end.

The purpose or the extension was to mount the adjust-
able skid at the end of the shaft, instead of at the point-
er, as supplied by the manufacturers.

The pointer mounting was fitted to the tracer bar as



Figure (17). Planimeter on checking rule, in left-hand position.

Figure (18). ©Planimeter in use on the measuring board,
in right-hand position.



~78-

shown (Figure (19) ). Its purpose was to alloi friction
damped vertical travel of the pointer without undue
pointer wobble. To further reduce pointer wobble, a new
pointer was machined to a diameter approximately 0.0002
inch less than its mounting bearings. The lower bearing
was formed by the original becring in the end of the tracer
bar, and the upper bearing was located in the top of the
mounting block. When the pointer mounting was locked in
position on the tracer bar, by tightening grub screw (8),
precautions were taken to ensure that the pointer axis
occupied the position intended by the manufacturers. Tests
on the checking rule after all attachments had been fitted,
revealed no alteration in accuracy. Once fitted,all
attachments were left in position until all measurements
had been completed. No permanent alteration was made to
the Planimeter.

(1ii) Measuring Board. The measuring board was made
as shown in Figure (20). The board (1) was made of core-
board to minimize warping. The clamping screw (2) was of
brass, to ensure that the point did not cut into the mild
steel shaft (3). The bal! (4) of the ball and socket
joint was hardened steel. The master keyway block (6)
was made to the same pattern as the keyway blocks used in
casting , but sligkiiy oversize, to cnsure that hooves were
a firm friction fit on to this block. A sheet of plate
glass 9 x 7 x ¢ inch and two steel strips 7 x § x ¢ inch
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Tigure (19).

Tracerbar Extension.
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were used in conjunction with the measuring board, to level
hooves for measurement.
(b) Method

Hooves to be measured were mounted im turn on the key-
way block of the measuring board. The sheet of plate
glass was supported over the cast by the steel strips, to
form a surface parallel to, and { inch above, the measuring
board. The ball socket clamping nut (5) and the clamping
screws (2) (Figure (20) ) were loosened. The ball socket
shaft assembly, carrying the cast, was then raised until
the zero bearing surfaces of the hoof made firm contact
with the plate glass. The nut (5) and the screw (2) were
then tightened to lock ihe whole assembly.

Thus the hoof was levelled accurately at a convenient
height for measurement.

The glass and steel strips were then removed and the
hoof bearing areas measured in the normal way, with the
plenimeter disposed as shown in Figure (18).

During measurement, the pointer was raised and lowered
g0 that its point was virtually kept in contact with the
contour line being traced, or the outer edge of the hoof
cast, as each in turn demarcated the limits : of the kearing
area. Parallax was thus virtually eliminated.

Levelling and measuring could both be performed more
rapidly by these methods than by Technigue I. Preliminary
tests revealed that measurements of secratchline contoured



Figure (20). Measuring boapd and cast 1evellin% assembly:
3

(1) Board (under-side); (2) Clamping Screw; ) Shafts
(4) Ball; (5) Clamping Nut; (6) Master Key Way Block.
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hoof casts by Technigue II were highly repeatable. A
comprehensive test of the repeatability of this technique
is described in Part II Chapter V of this thesis.



PART I1

THE MEASUREMENT OF THE ANIMALS OF GROUP I.

Ive BEARING AREA AT DIFFERENT
CONTOUR HEIGHTS.

Ve BEARING AREA $ GROUP I

VI. HOOF LOADS AND TUNIT LOADS:
GROUP 1I.
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PART 1II
PRELIMIRARY IRVESTIGATION OF HOOF FACTORS

THE MEASUREMERT OF THE ANIMALS OF GROUP I

Introduction

Measuremeunts #2nd the =nalyses of measurements from
hoof casts of the animals of Group I form the subject of
the next three chapters (IV, V and VI). The source of
the sample of animals termed Group I and technigues used
in casting are given below. In addition, hoof load deter-
minations, taken during the period in which the animals
were hoof moulded are reported in Chapter VI, together
with the technigues employed.

The problems involved in this study, as discussed in
Chapter II Section B (page 53), determined in part the
class of animals chosen. Sampling was further confined
to milking cows of the Massey College herds.

(a) Source of Sample

The Group I sample comprised thirty Jersey and ten
Friesian cows, from the respective purebred registered
herds at Massey Agricultural College. The Jersey sample
was selected at random, with the restriction that tem
animals were chosen from each of the following age classes;
mature (over 4-year-old), J-year-olds, and 2-year-olds,
and that only animals expected to calve during the following
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spring were eligible.

The ten mature Jerseys chosen in this way ranged in
age from 4 to 9 years, six being 4 years old. ¥ith the
exception of one 6-year-old cow, born in June, 21l Jerseys
were born during July, August, September or October. The
Jersey sample was hoof moulded and weighed between 26th
March and 16th Aprii 1955.

The ten Friesians were selected at random from the
mature Friesians of the College herd. The animals chosen
ranged in age from 4 to 8 years, four being 4-years-old.
Eonth of birth varied from May to October. The FPriesian
sample was hoof moulded and weighed between lst May and
13th May 1955.

All animals were lactating during the experimental
period. The Friesian and Jersey herds were run as separ-
ate units, on a similer pattern of predominantly rotation-
ally grazed, grassland farming. Pasture supplied the
bulk of the feed and grass-clover hqy'and sllage were fed
as supplementary fodder in early spring, summer and winter,
when necessary. In addition, choumoellier (Marrow
Stemmed Kale) was fed during the summer months, and the
Jersey herd grazed irrigated pasture. :

Ilthin'hlbtﬂl. animels were hoof moulded and weighed
in random order, with the Jbr;qy- and Friesiasns being
treated as separate groups. In this way, the element of
the variance due to time was reduced %o a minimum within
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breed groups, but increased between breeds. Thus compar-
ison within breed groups may virtually be regarded as

being made at a point in time,with a common environmental
component of the variance. Between breed comparisons,
however, could be affected by a time factor of approximate-
ly four weeks, during which seasonal and managemental
changes occurred. Between breed comparisons may be further
affected by the different conditions under which the res-
pective herds were managed.

(b) Technigue of Hoof Casting

Hoof casts were made by the standard moulding and
casting technique already described (page 62). Six moulds
and casts were made from every cow in Group I. One mould
and cast was made from each hoof of each cow, and a further
two repeat moulds and casts were taken from diagonally
opposite front and rear hooves. The particular diagonal
on which repeat casts were taken was chosen at random with
the restriction that within each age (or breed) sudb group
of ten animals, half the animals had repeat casts taken on
front left and rear right hooves, and half on front right
and rear left hooves. Thus for the purposes of estimating
the repeatability of casting, each sub group was divided
into two classes depending upon which diagonally opposite
hooves were moulded and cast in duplicate.
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CHAPTER IV
BEARING AREA AT DIFFERERT CONTOUR HEIGHTS
THE CHOICE OF A STANDARD CONTOUR HEIGHT FOR
BOOF MEASUREMERT

In the statement of the problem, attention was drawm
to the importance of bearing area shape in reiation to
the contour height at which hearing area {and hence
other hoof features) should be measured. In this chapter
an investigation of the change in bearing srea with con-
tour height on & sample of hoof casts is reported.
These factors are discussed in relation to the problem of
hoof acticn and are used as the main basis in the choice

of a standard contour height for hoof measurement.

A. THE RELATIONSHIP BETYEEN HOOF BEARING AREA
AND CONTOUR HEIGHT IN JERSEY COWS

(a) Object
To obtain s graphical representation of the change

in mean bearing area as vertical contour height increased
from 1/20 inch to 7/20 inck within a sample of Jersey
hoofcasts.
(b) Source of bata

The sample of hoof castas employed in the measurement
of waterline contour height (page 73 ) wae again used.
This sample consisted of thirty Jersey hoof casts,
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containing equal subclass samples from mature, 2-year-
old, and 3j-year-old age classes.
(c) Technigues

Hoof casts were scrantchline conloured and measured
in duplicate by Measurement Technigue II at seven contour
levels, from 1/20 inch to 7/20 inch at 1/2p inch intervals.
(d) Results

The measurements obtained of bearing area are recorded
in Appendix D.

The mean bearing erea, standard error, and cocefficient
of variation for each ege class, at each contour level, are
given in Table V. These results are shown graphically in
Figure (21). The points were plotted from the data in
Table V and the curves for each age class drawn by hand.
The per cent increase in bearing area for each age class

for each contour interval is also shown in Table V.
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Table V

Mean Bearing Area (sq. in.) for Three Age Classes
of Jerseys
Contour Height (1/20 im.) 1 2 3 4 5 3 7
Age Class
Hean in.° 5,01 | 8.11|10.61|11.82|12.52| 13.07 | 13.54
Mature (S.E. 1.37 | 1.56| 1.32| 1.34| 1.34| 1.37| 1.
C.V. % 27.28 | 19.22 | 12.42 | 11.30 | 10.72 | 10.52 | 10.4
# increase 61.9 | 30.8 | 11.4 5.9 4.4 3.6
Mean 1n.2 6.59 | 9.21|10.60|11.35 | 11.92 12.33 12.82
3 year (S.E. 1.32| 0.86| 0.74| 0.75| 0.77| 0. o.gz
c.Y. 20,08 9.80 6.94 6.57 6.47 6.70| 6.
% increase 39.8 [15.1 | 7.1 | 5.0 | 4.0 | 3.5
Mean in.? 6.62 | 8.76 | 9.88 |10.62 |11.15|11.56 |11.96
2 Year S.E. r I 25 1019 0. 99 On84 0.8’ 0.32 0018
C.V. % 18,90 |13.61 | 10,06 | 7.91 | 7.63|7.09 | 6.56
% inecrease 32.3 [12.8 | 7.5 | 5.0 | 3.7 3.5
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The graphs showed a marked increase in bearing area
with height of coantour level at the lower contour heights.
Above the %/20 inch level thie increase was smaller. Inm
eddition it was similar for all age classes and almost
lisear.

The position of the contour lines on the hoof pro-
vided an indication of hoof shape (Pigurees (15) and (16) ).
The bearing areas were often concave, with the outer hoof
wall foruzing the zero bearing surfaces. This concavity
wag reflected in the marked increases in bearing area with
height,at the lower contour levels. At higher contour
levels, =bove 4/20 inch, increases in bearing area came
only from added contact aress around the sloping heel or
bulb of each hooflet 2nd the sides of the cleft between
hooflets.

Some hooves, howgver, were not coucave, and resembled
a concave hoof worn away to the 2/20 inch or 3/20 inch
contour, =o that the underside of the hoof eppeared flat
(Pigure (16) ).

This variation in hoof shape at lower contour levels
was accompenied by higher coefficients of variation.

Avove the */20 inch contour, the coefficients of variation
were low and remerkasbly constant within age classes.

The ranking order of the means of bearing area for
age class changed with contour height. However, above
the */20 inch contour the ranking order was consistent



~88-

and the differences between age class means were more
regular. Below 4/20 inch the converse was true.
(e) Conclusions

It was concluded that in all age classes, bearing
area increased with contour height up to at least the
7/20 imch level. It was observed that many hooves were
concave with the outer hoof wall forming the zero bearing
areas. However, some hooves were flat underneath and this

had the appearaunce of being caused by wear.

B, DISCUSSION OP RESULTS AND CHOICE CF STANDARD
CORTCUR HEIGHT FPOR HOOF MEASUREMENT

If the mean beariug areas for the sub sample of hooves
presented gbove provided accuraie estimates of the age
class means for the full Group I sample, then it was clear
from ths results presented that age class differences may
be predetermined by the choice of the contour height at
which ths hoof casts were to be measured. In deciding
a standard contour height for hoof measurement an
explanation for the change ia ranking order of the mean
bearing areas for each age class was sought. in view of
the large standard errors at the lower contour levels
(Table V) these changes in renking order may not be statis-
tically significant. This bsing so, an explanation of
the increascd variation in bearing area at the lower con-
tour levels would still be required. The final choice
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was then made after considering the change in bearing area
with contour level in relation to problems of hoof action.
(a) Explanation of change in ranking order of the mean
bearing area for each age class
It was observed that hoof bearing surfaces varied in

shape from flat to concave. It was postulated that this
variation in shape was responsible for the increased
variability and for the differences between the mean bearing
area for each age class below approximately the 4/20 inch
contour. The difference in shape of hooves is attributed
not to any size of hoof effect, but to differential rates

of wear and growth of tissues forming the integument of the
hoof.

Thus a hoof would become concave when the horny outer
hoof wall grows rapidly and/or wears slowly. Whe re growth
is slow,and/or wear is rapid, the hoof would become flat.

Alternatively, rate of wear and growth of the sole of
each hooflet could account for the variation in shape.
Since the animals spent most of their time on pasture, wear
could cause a heollowing out of the hoof, rather than a
flattening.

Above the %/20 inch contour, examination of the contour
lined casts showed that concavity produced an effect on
bearing area in relatively few hooves. The steady but
small increase in the mean bearing area above this level
wos luiily a reflection of the angle at which the buldb or
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heel of each hooflet met the planes of the contour lines.
It was postulated, therefore, that at these contour
levels, bearing area provides an estimate of hoof size.

Therefore if an animal-size factor is to be measured,
rather than a factor determined by an unknown interaction
besween rate of growth and wear of different hoof tissues,
bearing area should be measured above the f/zo inch level.
The lower coefficients of variation above this level
indicated that it should be possible to demonstrate statis-
tically significant differences between age classes with
fewer animals per sample. Thus, at the higher o ntour
levels, differences appeared to be not only consistent
and at a maximum but should be more easily detected.

For these reasons therefore, measurements should be
taken at a contour above the 4/20 inch level. However,
inspection of casts showed that abnormalities occurred due
to technigue above approximately the 7/20 inch contour, so
that measurements should be taken below this level.

(b) Discussion of Change in Bearing Area with Contour
Height in Relation to Problems of Hoof Action

In Chapter II it was shown that in the case of a con~-
cave hoof (from the point of view of problems of stability)
the only important bearing area determined by animal
hoof factors was a hypothetical maximum bearing area (page
49 ). Within the limitations of the casting and moulding
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technique employed, no such maximum could be demonstrated,
and inspection of the hoof suggested that with the
definition of bearing area adopted, the hoéf would penetrate
several inches into the soil before a maximum value was
reached.

From the point of view of solving problems of hoof
action there is little point in searching for a maximum
bearing area at high contour levels. All that is required
is an estimate of bearing area at a certain comtour level,
about which the following statements may be made.

(a) Penetration of the hoof into the s0il to the level of
the specified contour will not involve the displacement of

a large mass of soil likely to involve shecr failure of the
soil mass. (Penetration to this depth may be regarded as

a seating of the hoof into firm contact with the soil,
preparatory to fulfilling its function of support).

(b) For small changes in the depth of hoof penetration,
either positive or negative, the bearing area of the hoof
may be regarded as nearly constant, at the specified contour
level.

To comply with these requirements the ‘/zo inch con-
tour was chosen as the standard height at which to measure
hoof features.

- At this depth of hoof pemetration into the soil, the
volume of soil displaced, as estimated from the area beneath

the bearing area curves (Figure (21) ) would be expected
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to be less than one cubic inch.

It would also be expected that at a penetration of
6/20 inch, the change in bearing area produced by a change
in penetration of * 1/50 inch would be less than five per

cent.
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CHAPTER V
BEARING AREA:GROUP I

As stated in Chapter II the main purpose of this in-
vestigation was to test the repeatability of technigues of
hoof casting and measurement,and to obtain preliminary data
from which Part III of this study could be designed.

1. Objects
The objects of thie investigation were:

(a) To investigate the relationships between the bearing
areas of the hooflets within the age classes of the Jersey
animals,
(b) To obtain estimates of age (or breed) bearing area
means of the animals of Group I; to statistically evaluate
these differences, and to investigate the relationships
between the bearing areas of hooves within cows.
(c) To obtain an estimate of the repeatability of the mould-
ing - casting - contour lining technique, and of the
measurement technigue (Technique II).
(d) To obtain estimates of the relative importance of the
various sources of variation in the measurements of bearing
area.

2. Technigues

All casts from the Group I sample of animals were
scratchline contoured at the 5/20 inch level, and two

repeat measurements were taken of the bearing area by



Technique II.

For each of the thirty Jersey cows, hooflet bear-
ing areas were recorded. One cast per hoof was used
in each instance, two area measurements being made of

each cast.

3. Treatment of data
The Hooflet tearing area data were divided into

three groups, according to age class (i.e. mature, 3-
year-old and 2-year-old) and each analysed separately.

The Hoof bearing area data were divided into two
groups. The first group consisted of data derived
from the first cast taken from each hoof of each animal
of the sample (termed "one cast per corner" data). The
second group consisted of measurements,only of casts
from those hooves which had been cast in duplicate
(termed"duplicate cast' data). This group was further
naturally subdivided into data from left front - right
rear, and from right front - left rear, diagonally
opposite corners.

All data were further classified into four groups
according to age (or breed). Tests were carried out on
the "one cast per corner" data to determine the wvalidity
of combining age (or breed) classes for analysis.

Bartlett's test (Snedecor 1946 p. 249) of homo-
geneity of variance was carried out on the mature, 3-year-
0ld and 2-year-old Jersey data and Chi square value of 30.83
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(d.f. = 2) was obtained, which was highly significant.
Furthermore a log transformation did not 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 F-test of the homogeneity of
variance (Snedecor (1946) ) yielded an F ratio of 1.03
(ny = 80 ngp = 80), 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) were similarly grouped, and the F- test yielded
an F ratio of 1.38 (n; = 80 np = 80) which was non sig-
nificant.

The groupings of data for analysis may therefore be
summarised
(a) "One cast per corner" data

Two groups of 20 animals each; 10 in each age
or breed class

MATURE IMMATURE

(Priesian and Jersey) (3 and 2-year-old Jersey)
(b) "Duplicate” cast data.
Four groups of 10 animals each; 5 in each age

or breed sub class



MATURE
Friesian and Jersey
(a) (v)
Left front- Right front-
Right rear Left rear
INMATURE

3 and 2-year-old Jersey
(e) (d)

Left front- Right front -
Right rear Left rear
4. Results

(a) Hooflet bearing area data
The hooflet bearing area data are recorded in Appen-

dix E, Each item in these results was obtained by averag-
ing the two repeat measurements of each hooflet.

The mean hooflet bearing areas, for each of the eight
possible hooflet positions within the animal, for each
Jersey age class, are presented in Table VI. This involved
classification of the data according to the position of the
hooflet as follows:-

(a) sides (belonging to a left or right hoof)

(b) ends (belonging to a froat or rear hoof)

(¢) classified as "medial” or "lateral®” according to
the position of the hooflet (or claw) within the
hoof.
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Table VI

positions within the eanimal for each Jersey age class

AGE 518K STANDARD
CLASS END LEFT HOOF RIGHT HOOF ERROR OF
(JERSEY) Hooflet within hoof Hooflet within hoof MR
Lateral Medial Medial Lateral
Mature Front be 478 6.724 T.132 6.446 $ o805
= 0.23
Rear 6. 538 6.120 6.21Y4 6.530
3-year-old| Front 6.147 6.242 6.328 6,172 . "
- 0,15
Rear 6.24Y 5.852 5.988 6.269
2-year-old| Front 5.816 5.970 6,036 5.818 N 5
- 0.1
Rear 5.986 5. 606 5.576 6.137
Table VII
Analyses of Variance of hooflet bearing area dats for each class
of the Jersey animsdls of Group I
Mean Square P Mean Square P Mean Scuare F
led(ial Vs, I)‘ateral 1 0,0488 <1l 0.2247 <l 0, 4068 <l
M.vs., L
Front v, Rear 1 2,375 <l 0.3578 <l 0., 1415 <1
Betwe Corners Right v. Left 31 0.2651 <l 0,0918 <1 0.0439 <1
Classes End x Side 1 0.1040 <1 0.0030 <1 0.0036 <1
(M v L.) x d.v,L.) x End 1 3.467 6. 38* 1,067 4, 27* 2,160 11, 3%
Corners M,v.L.,) x Side| 3|1 0. 3665 <1 00,0370 <1 0,0170 <l
M.v.L.) x End 1 0.1424 <1 0.0031 <1 0.0747 <1
x Side
Within Classes 72 0.5437 0.250L 0.,1905
Total 79

{(+*p < 0,01;

*p < 0,05)
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Analyses of variance were carried out for each age
class (Table VII). The results of the analyses showed
that the medial versus lateral by end interaction was the
only significant effect in each age class. In Table
VII effects were tested against the variation of hooflets
within classes. Effects higher in the table than the
significant interaction, (medial versus lateral) by end,
were tested against this interaction.

It was concluded that the only significant differences
in Table VI ley between the medial and lateral means within
the ends of the animel. In front hooves the medial hoof-
let was the larger. Conversely in rear hooves the lateral
hooflet was the larger. This pattern of hooflet size was
repeated in a similar fashion in each age class.

However, the size differences were small in magnitude.
The greatest difference between the mean hooflet areas for
any two claws of the one hoof in Table VI was only 5.05
per cent of the combined area of the two hooflet means
(i.e. the mean hoof area). The average difference between
any two claws of the one hoof for all hooves, expressed as
a percentage of the mean hoof area of all hooves,was only
2.63 per cent.

It was concluded that in problems of hoof action the
differences in area of the two claws of the hoof could be
neglected. However, the significant differences found,
and relative magnitudes of the hooflet bearing means in
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Table VI were suggestive of strong bilateral symmetry
in the bearing areas of the hooflets of the animal.
(b) "One cast per Corner" Data

The "one cast per corner" bearing area data are re-
corded in Appendix F. Age (or breed) class means, and
means within age class for left, right, front and rear
corners are presented in Table VIII.

Table VIII
Mean Hoof Bearing Area by age (or breed) class
for left, right, front, rear and all corners.
(units sq. in.)

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

Age

class Mature Mature | l-year 2-year
Friesian Jersey Jersey Jersey

Corners
Left 16.71 12.93 12.24 11.69
Right 16.86 13.16 12.38 11.78
Front 17.07 13.39 12.44 11.82
Rear 16.50 12.70 12.18 11.65
Standard Error £0.42 ¥0.42 +0,26 20.26
All Hooves 16.78 13.05 12.31 11.74
Standard Error 20.30 | 20.30 20,19 20.19
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Analysés of variance of the mature and immature groups
of data are presented in Table IX. All effects were tested
against error (1), (the variation of hooves within corners
within breeds).

Error (2) was calculated from the duplicate measurements
of each cast in order to provide estimates of the repeat-
ability of the Measurement Technigue II. The estimates
obtained of the standard deviation of the measurement tech-
nigque are recorded beneath Table IX.

(1) Age and Breed Differences. The Friesian mean bear-
ing area was 3.73 square inches greater than that of the
mature Jerseys; in Table IX this breed effect was shown to
be highly significant. The 3=year-old Jersey mean bearing
area was 0.57 square inches larger than the mean for the
2=year-old Jerseys, and this difference was similarly
highly significant (Table IX).

The difference between the mean for mature and the mean
for 3J-year-old Jerseys was 0,74 square inches. In order
to test the significance of this difference the least
significant difference was calculated from the following
formulae:

d= ‘(n - 1) V/ S?Ei * s?ih
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Table IX

Analyses of Veriance of Mature Friesian and Jersey, and immature
Jersey ( 3-year-old and 2-year-oi.d) "One cast per corner" bearing
area measurements. (10 snimals per breed class, one cast per
hoof, casts measured in dnplieates’

Source Mature Friesian & Jersey 3 end 2-year-old Jersey
Of do fo
Variation Mean Square P Mean Square F
Between corners 7 82,42948 2.262128
Ages (or Breeds) B! 558.9772 155, 2%+ 13,2883 9. 55%*
|
Corners 3 5.9117 1.64 N.S, 0.8120 <1
Ends 1 15,8886 L. h2* 1.8555 1,331,838,
Sides |1 1.4823 ol ) 0. 5487 <1
Int. x End x Sides 11 0,.3629 = 0.0316 <1l
|
Ages x Corners '3 0.0981 <1 0.0369 <1
Age x End 1 | 0.1392 0.0888
Age x Side }1 5 0,0570 0,0219
Age x side x end 1 0,096 0.00008
Within comers] (Error 1)
within ages 72 3¢ 5966 : 1.3914
Error (2) (Between ‘easures 80 0,00295 —- 0.0012725 —
within Corners)
Total 159 525909 0,73032
(**p < 0,01 ; *p < 0,05; Standard deviation of measurement

N.S. : p = 0,05) = 2 0,054 ena ¥ 0.036
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n = number of measurement per mean.

The value of d obtained was 0.45 square inches (p < 0.01).
Thus despite the approximate mature of this test it
appeared safe to conclude that the observed difference
was highly significant.

(ii) End Differences. In the mature cow group of
data in Table IX, the diiference between the means for
ends was shown to be significant (p < 0.05). The front

corners mean was 0.57 square inches larger than the rear
corners mean in the Friesians and 0.69 square inches larger
in the muture Jerseys.

In the immature Jersey group the front hooves were
also the larger, by 0.26 square inches in the 3-year-olds,
and by 0.17 square inches in the 2-year-olds. These end
differences in the immature Jersey group were, however, non
significant (Table IX).

(iii) Other Effects. No other effects were significant
(Table IX) nor do the means in Table VIII show any marked
differences other than those mentioned above.

Because the age (or breed) by corners interaction was
non significant, it was deduced that,any pattern of bdearing
area variation within the four corners of an animal found
in one age (or breed) was repeated in a like manner in the
other age (or breed) in the same analysis. Thus in the
mature group the end difference was seen to be similar in
each breed. The difference between sides, which was non
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significant, was negligible in each breed (Table VIII).

In the immature animals, end and side effects were
both non-significant. It was concluded that the differ-
ences between the means for each corner were small, since
they were not detected by the methods used.
(c) "Duplicate Cast" Dats

The original data are recorded in Appendix G. These
data were, as noted earlier, divided into four groups (a,
b, ¢ and d) for analysis. A hierarchal form of the
analysis of variance was applied tc each group. The
results of these analyses are presented in Table X.

From these analyses the components of variance were

calculated and are given in Table XI.
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Table X

Analyses of Variance of the"duplicate cast" bearing area data, (For datsa groups 8, b, ¢ and 4)

Source MATURE FRIESIAN & JERSEY 3~-YEAR~-OLD & 2-YEAR-OLD JERSEY
of a. f.
Variation (a) L.F. - R,R. Group (b) R.F. - L.R. Group (e) L.F. - R.R. Group (a) R.F,-L.R. Group
Mean Square P Mean Sguare F Mean Square F Mean Square F
Age (or Breed) 1 469,1425 L5, 50%=* 179.8801 17.60%=| 5,6074 1,66N,S. | 10,4618 2, 32N, S,
Animals within Ages 8 10, 3100 5e 80%% 10,2183 2.31N3 3. 3810 5o 82%= L, 5026 6.91%*
Corners within Animals| 10 1,7782 17.39%* L.4182 57.16*% 0,58066 9,07 %% 0,65190 6.88%=
Casts within Corners 20 0.1022 L1,23%= 0.,0773 56.42%% 0,06402 62, 16%% 0.094L479 63, 41%*
Repeats within casts Lo 0.0025 0,0014 0.,00103 0.00149
Total 79
(** p< 0,01; #*p<0,05; N.S, : p> 0.,05)
.Table XI
The Components of Varisnce for each analysis csroup (a,b,c and d) of duplicate cast' data,
(calculated from Anelysis of Variance Table X)
Source of
Varistion a.r. Expectation of Mean Squsere S Source of Estimate
(B) L.F. — R.E. (b) R.F- — LoRo (C) Lo&‘- — R.R. ((1) R-Fo — L.R.
2 2 - 2 2 2
Age (or Breed) 1 8a + 23E + hSE + 85, + LOs_ BS 11.47 L.24 0.0556 0,149
Animals within Ages 8 Bn 4+ 2Sd + U4ST + 8 Sh 1.067 0.725 0. 350 0.481
Corners within Animala[ 10 3; + 282 + 182 8; 0.419 1,08 0,129 0.139
Casts within corners | 20 | SZ + 28§ 8§ 0.0499 0.038 0.0315 0.0467
Repeats within cests | 4O | s2 s2 0.0025 0,001 0.0010 0.0015

Total 79
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The standard deviations of casting and measurement
technigues were also calculated from Table XI and are
shown in Table XII.

Table XII
Standard Deviations of casting and measurement
Techniques (=y.in,)

Source Casting Measurement
Sa Sm
Mature Priesian | (a) 0.223 0.0498
and Jersey (b) 0.195 0.0360
3 & 2-year-old (e) 0.178 0.0351
Jersey (d) 0.216 0.0387

These estimates showed that both techniques were of a
satisfactory repeatability, K and that the measurement tech-
nigue was of 2 much higher order of repeatability than the
casting technigue.

The contribution made by casting to the total variation
was small, (Table XI) and that due to measurement negligible,
being less than 0.2 per cent in all cases. The component
of the variance due to casting was of a similar magnitude
in all groups (a, b, ¢ snd‘d). Casting contributed less
than 0.6 per cent of the total variation in the mature
groups, & and b, where tﬁnro was & large component due to
breed. In the immature Jersey groups, ¢ and d,the age
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component corresponding to the breed component was
small, and the variation due to casting was approximately
6 per cent.

In Table X the high significance of the casts within
corners effect in all groups,was attributed to the higher
repeatability of the measurement technigue compared to the
casting technigue.

The corners within animals effect was likewise highly
significant in all groups. The contribution of the com-
ponent of variance due to corners was slightly larger in
the mature groups, a and b, but there its effect was over-
shadowed by the large component of the variance due to
breed. The corner effect may represent an end effect,
side effect or an end side interaction. All that can be
deduced from this part of these analyses is that the
measurement techniques employed,detected highly significant
differences between diagonally opposite hooves within
animals. The variation between these hooves made an
important contribution to the total variationm.

The animals within ages effect was highly significant
in the immature groups ¢ and d (Table X)) and accounted
for the major part of the variation. In the mature
Friesian and Jersey groups,a and b, the animals within ages
effect was highly significant in a, but non significant in
b. Since there were only five animals per breed sud
class, such sampling variation was to be expected. The



=107-

component of variance due to animals within ages, in groups
a and b was, however, quite large and of the same magnitude
as corners within animals.

!h§ breed effect in the mature Friesian and Jersey
groups a and b was highly significant (Table X ) and the
breed component was the major source of variation (Table
X1).

In the immature Jersey groups ¢ and d;the age effect
corresponding to the breed effect was non significant,
and its contribution to the variance was of the same order

of magnitude as that due to corners within animsals.

5e Dis;uasion and Conclusions

The data concerned with the hooflet bearing areas of
the Jersey animals showed that the two claws of the hoof
were very similar in area. Although differences between
hooflet pairs were small,a definite pattern of hooflet
size was shown to exist within the animal. In this pat-
tern strong bilateral symmetry was evident. However, the
pattern in front hooves was the exact reverse of that in
rear hooves. Reference to Sisson (1914) revealed mo
anatomical features which could account for these front
to rear differences.

The difference in area between hooflo@ pairs was con-

sidered too small to be of importance in trampling pro-

blems. It was therefore concluded that at the pr.qc‘;/
atage Of"t'!lopl‘nt of the theory of trampling, further

—
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investigation of the relative areas of the claws of the
hoof was unwarranted.

The postulate that Friesians, the larger breed, would
have larger hoof factors than Jerseys,was supported by the
results of both "one cast per corner" and "duplicate" cast
d-ta. No information on hoof shape in the mature
Priesians was obtained and the use of the /20 inch contour
in both breeds makes the comparison purely empirical. But
a difference in mean bearing area of 3.73 square inches was
demonstrated, and the technigues were shown to be of a
suitable repeatability for the purpose of making this com—
parison.

The hypothesis that mature animals would have larger
hoof factors than immature animals was,within the Jersey
breed, supported by the results of the "one cest per corner"
data. The mean bearing area for mature Jerseys was 0.74
square inches larger than that for the 3-year-olds, the
mean for which was, in turn, 0.57 square inches larger
than the mean for the 2-year-olds. These differences were
shown to be statistically significant whem the appropriate
mean square was tested against the variation within corners
within eges.But in the "duplicate cast" data, with only
five animals per ege sub group, instead of ten, the effect
of age in the immature Jerseys,when tested againast the
variation of animals within ages,was non significant. This
non significant result inn attributed to the fewer animals
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per age class and to the different nature of the test
applied.

The within cow bearing area relationships were inves-
tigated for the purpose of providing information from which
to design future sampling procedures. Thus the lack of
any evidence of a sides effect in the "one cast per hoof™
data is important and may be taken as evidence of bilateral
symmetry.

Similarly the significant, though small,difference
between front and rear ends in the mature Jersey and
Priesian animals, indicates that if there is any pattern of
hoof size within mature animals of each breed,then it is a
tendency for the front hooves to be larger than the rear.
In immature Jerseys although the front hooves were the
larger this end difference was non significant. Thus the
hypothesis that the front hooves are the larger must be
regarded as not proven.

It may be concluded therefore that for the purposes
of future sampling of hooves within the mature cow, if
two casts per cow were to be taken,then one front and one
rear hoof should be moulded at random between sides.

The duplicate cast data was not intended to provide
detailed information on within cow bearing area relation-
ships. However, the highly significant corners within
animals effect in Table X showed that, with the techaiques
of measurement employed, highly significant differences
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were detected between the individual corner means within
animals. This cannot be definitely related to any overall
gide, end, or side by end interaction effect. (In the
mature animals the significant corners difference could be
in part,a result of the overall difference between the
means for end found in the "one cast per corner" data).

The importance of the variation between diagonally
opposite corners of the animal is given by the magnitude of
the component of the variance due to cormers within animals
in Table XI. In Table XI individual cow variation,in the
absence of the large breed effect,was the major source of
variation in bearing area.

Thus it was concluded that in deciding on the number
of animals to be used in future experimental work, more
information would be obtained by using a 1arggr number of
animals and taking fewer measurements per cow,than by using
a smaller number of animals and taking more measurements
per cow.

The small sisze of the component of variance due to
casting also indicated that better estimates of population
parameters would be obtained,by taking only one cast per
hoof and hoof casting a greater number of animals, rather
than taking more casts per hoof of fewer animals,

The extremely small variation contributed by the
meagurement technigue and its high repeatability, indicated



that, provided precautions were taken to prevent mis-
reading of the planimeter, only one measurement per con-

tour line need be taken in future work.
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CHAPTER VI
HOOF LOADS ARD UNIT HOOF LOADS: GROUP I

Simple preliminary trials showed that it was poss-
ible to estimate by weighing, the static weight load on
the front, or rear hooves, of dairy cattle. The esti-
mates obtained supported the hypothesis that the front
hoof load was greater than the rear hoof load. To
further test this hypothesis, front end and rear end
weights were taken on the Group I animals. The technigue
used and the results obtained are reported in Section A of
this chapter. This is prefaced by a review of the liter-
ature upon which certain details of the weighing tech-
nigque were based.

In Chapter II (Section A) the importance of unit hoof
load in problems of hoof action was shown. Accordingly,
weights and hoof moulds were taken during the same experi-
mental period, and unit hoof loads were calculated. The
results obtained are reported in Section B of this chapter.

A, HOOFP LOADS: GROUP I
1. Objects
(a) To test the technique for estimating the static hoof
load on front and rear hooves of the animal, in terms of
its accuracy and practical usefulness.
(b) To obtain preliminary information concerning the with-
in cow static hoof loads and the between age (or breed)
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static hoof loads of the animals of Group I.
(e¢) To utilise information gained from (a) and (b) above
in the design of Part III of the investigation.

2. Beview of Literature

No reference could be found to any work describing
the estimation of front and rear hoof loads. However,
details of technigue common to all animal weighing pro-
blems were based upon information found in the litera-
ture and summarized below.

Data concerning the body weights of some New Zealand
Jersey and Friesian cattle were reported by Campbell and
Flux (1952). The weights of all classes of Jefsey
cows (2-year, 3-year, 4-year and older) were shown to
change during lactation. There was a decrease in weight
for approximately two months after calving, which was
more than offset by a much greater increase in weight
during the remainder of the lactation period. Mature
Friesian animals showed similar weight changes.

Hughes and Harker (1950) showed day to day and also
diurnal variation to occur in the weights of grazing
bullocks. It was estimated that bullocks increased in
weight at a rate of 25 1b. per hour during grazing.
Weight variation was related to the grazing habits of the
animals, which were in turn influenced by time of sun-
rise and pasture availability, as determined by season.
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More direct evidence, that large day to day and
large diurnal variations in the “fill" of the alimentary
tract of the ruminant were responsible for corresponding
body weight variation, was supplied by the investigations
of Tayler (1954).

Hughes and Harker, and Tayler, both quoted evidence
showing that this variation due to "fill" was smaller in
the early morning than later in the day.

Similarly in America a "Joint Committee Report"
(1952) recommended that: "With milk cows, weighings should
be made after morning feeding and milking but before
watering®.

3. Technique of Weighing

WYeights were required to provide estimates of hoof

load. From the literature guoted above, it was clear
that hoof loads would vary throughout the season, from
day to day, and during the day. Fo attempt was made to
estimate the extent of these variations. _ Weighing was,
however, carried out at a time when variation would be
expected to be at a minimum.

The cows were weighed after milking finished at
7 a.m. It was considered that no more than six animals
could be weighed each morning,without causing undue dis-
turbance to the management pattern of the herds. The
animals were weighed on an Avery 2 ton weighbridge,
accurate to about 1 1lb., and equipped with a race leading
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over the platform. The two parts of the concrete floor
of the race,used during weighing, sloped slightly away
from the platform of the weighbridge. At balance; the
platform of the scales was approximately half an inch
lower than the adjacent parts of the race. The slope
of the race at each side of the weighing platform was
such, that the furthermost part of the race on which the
animal stood during weighing,was not more than three
quarters of an inch lower than the platform of the
scales.

(a) Eront End Hoof Load

The animal to be weighed was confined in the race
by movable bars so that only the front feet of the animal
rested on the scales. Then the animel was standing in
the "static" position (already defined in Chapter II),
the scales were balanced and the front end weight reading
obtained. This was taken as an estimate of the static
load on the front feet of the animal.
(b) Total Body Weight

To obtain the total body weight,the animal was moved
forward on to the scales and weighed in the normal manner.
(e¢) Rear End Hoof Loed

The animal was moved forward again and confined with
its rear feet only on the scales. As before the rear
end weight was taken as soon as the animal assumed the
“static” stance. This weight was taken as an estimate
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of the static load on the rear feet of the animal.

During weighing, one operator was reguired to bal-
ance and read the scales, while another manoeuvred the
animal into what was adjudged to be a "static" stance.

Two complete weighings were made on each animal.
With the Jersey groups, the animals of the group to be
weighed on any one particular morning were weighed con-
secutively facing in one direction, then reweighed facing
in the other direction. The Friesian group was treated
differently, in that each cow was weighed through the race
in one direction,and then immediately reweighed through
the race in the opposing direction.

4. Results

The original body weight data are presented in
Appendix H and the front and rear hoof load d-ta are pre-
sented in Appendix I.

(a) Observations on Technigues

In theory, the addition of front and rear hoof loads
should egual the total body weight for each animsl. This
affords an absolute check on the accuracy of the tech-
nigue used to determine hoof loads. Accordingly, for

each age class, mean body weight, and mean froant end plus
rear end hoof load for first weighings, second weighings
and first plus second weighings are given in Table XIII.
From this table,it appeared that the addition of
front plus rear hoof loads underestimated the total bedy



Table XIII

Mean Body Weight and Mean Front End plus Mean Rear End hoofload
by age (or breed) class (for first, second, and first and
secord weighings)

-1l7=

AGE CLASS Weighing FRORT + REAR NORIAL__IEIGH! T
No. X Y y=-Xx
AEWed (1b.) (16.)
1 1184.3 1201.3 *17.0
Mature 2 1184.9 1199.7 + 14.8
Friegian
l&2 1184.6 1200,5 *+15.9
1 861. 866.3 + 4.4
Mature 2 ‘ 860, 860.9 + 0.1
Jarsey
l&2 861.35 8613.6 + 2.25
3 year 1 71904 724-1 + ‘01
Jersey 2 712.9 716.1 + J.2
Jersey
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weight in heavier animals and overestimated the weight
of smaller animals. This error was less than two per
cent of the mean in all cases, and was thus not con-
sidered important. This error, if not due to chance
errors, could possibly be a result of the slope of the
f}oor ef the weighing race. This could cause longer
anizals tc stand with the two feet off the platform at a
lower level than the feet on the platform. Shorter
animals wiald conversely stand with the feet on the race
at & higher level than those on the platform.

It was concluded that animals should, if possible,
be weighed with the feet on and off the scales st nearly
the seme level. This could be achieved by positioning
the animel]l with more care.

In the Jersey groupa in Table XIII the weighing
nunber refers to firast and second weighings which were
separated by p riods of up to one hour. The mean for
each weighing number incl udes weighings in each direction.
The lower mean, for all second weighings, was attributed
to actual loses of weight due to insensible weight loss
and to defaecation and wurination.

In the Friesian group,this variation was virtually
eliminated by reducing the time interval betweesn repeat
weighings to a few minutes. These weighings also
ensbled a check to be made on "direction of weighing hias".
The mean front and rear hoof loads for each direction eof
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weighing are presented in Table XIV.

Table XIV
¥ature Friesian mean front and rear hoof loads for
each direction of weighing

Directioa
of Weighing Pront Rear

641.2 543.1
643.1 541.3

Prom Table XIV it was concluded that bias due to
direction was unimportant. This conclusion was further
tested by weighing an inert body at opposite edges of the
weighbridge platform. No chongesin the weight readings
were detectable.

The greatest source of variation in the determinations
of hoof loed appesred tc be the pesiticn of the animal.
Any devistion in peeition, away from that of the astatic
stance, produced lerge variaticns in the hoof lead
estimate.

Purthermore, any upset %o ths anima)l made balancing
of the scales difficult. Thus all recordings were of
necessity made with the animel virtually stationary.
Excessive handling of the snimels conseguently increased
the error due to poeitica end slowed the rate of weighing.

Thus in the sbsence of any evidence of & directional
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error in weighing, it was concluded that future weigh-
ings should be made in only one direction over the

scales. At the same time, to reduce handling of the
animals, and to reduce the time interval between weigh-
ings, duplicate weighings could be made without moving
the animal more than a few inches away from the first
weighing position. Thus a valid estimate of the repeat-
ability of the technique, including weighing errors and
errors in positioning the animal, could still be obtained.
(b) Front end and Rear end Static hoof loads

The gross age (or breed) class variances,of the
front plus rear hoof load totals for each cow,appeared
to be markedly non homogeneous and to be correlated to
their respective means. Accordingly the data were trans-
formed to a log scale for the purpose of analysis.
Bartlett's test of the homogeneity of variance of the
transformed data yielded a corrected Chi square of 0.61
(d.f. = 3), which was non significant. The log data
were coded for ease of computation by subtracting 2.0
and multiplying by 1000.

The mean front and rear end hoof loads for each age
(or breed) class calculated from both the log and natural
scale data are presented in Table XV.
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TABLE XV

Mean front end and rear end hoof loads by age (or breed) class from

log scale and natursl data (1D.)

Mean D erenc
AGE CLASS |SCALE | FRONT (F) | REAR (R) [(F - ‘EJ ! gong_fiﬂen'co' - ( P+R)
Limits(95%)
Mature LOE. 63809 539. h 990 5 - 1178. 3
Priesian | Nat, 642,2 542, 99,8 ¥13.3 1184,.6
Mature Log- l-l»67. 1 _390. 6 76. 5 ) - 857. ?
Jersey Nat, 468.8 392,6 76.2 f15.9 861.4
3 year Log. 391.7 321.3 70.4 - 713.0
Jersey Nat, 392.2 322.9 70.3 t17.1 716.1
2 year Log. 365.3 306.1 59,2 - 671.4
Jﬂrm NHat, 566.2 307014 58.8 :10.7 673.5

TABLE XVII

Analyses of variaence of front and rear end hoof loads

for each age (or breed) class

Age (or Breed) Class Mature Friesian Mature Jersey 3-year-old Jersey 2-year-old Jersey
Source d.f. Mean 8quar'e P Mean Squar'o F jMean Square P Mean Bquarel F
Animal 9 15808,9 | 45.74**| 6174.11 | 12.48°| 4001.33 | 6,97** |2944.11 | 13,07%*
End 119 [99401.5 p87.62*=/58140, 117.51 (49491, 6.15%+ 4515, 153,18+
Animel xEnd | 9 5.6 5.39%% 149k, 78 9.77 | 57h4.bl | 4.82e | 225,33 3,19%*

Measures
within End 20 64.15 50.65 119,1 57.60
Total 3
|

(*+ p < 0.01)
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The analysis of variance of the transformed data
(Table XVI) showed the difference between the means for
breed, and between the means for ends, to be highly sig-
nificant.

Table XVI
Analysis of Variance of Group I Hoof Load data
(using a log transformation, and coding the
logged data by subtracting 2.0 «nd x 1000)

Source d.f. Mean Square P

Age (or Breed) | 3 483931 133.61%=

End 1 T | 246412 68.03%=

Age x End 3 282.7 <1
Animals within

sub classes 72 3621.9 3.84n*
Measures within 80 G4.26

ends
Total 159

(**p< 0.,01)

Each of these effects was tested against the animals
within sub classes variation, in the absence of a sig-
nificant age by end interaction. The end differences
within each age (or breed) class are listed in Table
XV. It was seen that although there was no evidence
of an interaction between age and end on the log scale,
these differences when converted to the natural scale
were greater in the heavier animals.
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From the variation of measures within ends, the
standard deviation of the weighing technique was calcul-
ated and a value of £ 9.3 1b. obtained.

It was concluded that the front - rear static hoof
load differences were such as to make the separate estima-
tion of front and rear hoof loads essential, for accurate
estimation of unit hoof load. It was further concluded
that the weighing technigue used was of sufficient repeat-
ability to be employed for this purpose in future work.
The slight modifications mentioned earlier (page 118)
should, however, be incorporated into the technigue.

To further characterise the front-rear differences
for each age class the Analyses of Variance shown in
Table XVII were carried out on the natural data. As
would be expected, the differences between the means for
end (Table XV) were highly significant in =ll age classes.
The animal by end interaction, when tested against the
measures within end variation, was also highly significant.
However, examination of the mean difference for indiv-
idual animals showed that the front end was invariably
the heavier. The significant end interaction showed the
end difference to vary between animals. As a measure
of the uniformity of this end difference, confidence
limits for the population difference within each age
(or breed) class were calculated from the formulae:
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mean difference = t /2(“&1:8&“3&&“2
(9 d.£.) 20
The values cbtained were inserted in Table XV.
The standard deviations of the measurement technique

for each age (or breed) class were oaloulated, and the
following values obtained:

Mature Friesian z 8.0
Mature Jorsey Z7a
3-year-old Jersey £10.9

2-year-old Jersey 7.6

The teochnique thus appeared to be of siuilar ascuracy
in all groups. The larger mean square in the J-year-old
Jersey group was accounted for by the large disorepanocy
between the rear end woights (44 1lb.) for cow 59 of that
group. In the field this oow was noted as being difficult
to weigh.

Highly significant differences between the means for
age (or breed) were demecnstrated in Table XVI. These
differences were shown, by the use of the t test on the trans-
formed data, to lie between the mweans for mature Friesians
and mature Jerseys, and between the means for mature Jerseys
and J-year-old Jerseys. The difference between the means
for 3~-year-old Jerseys and 2-year-cld Jerseys although
appreaching significance (at the five per cent level), was
however non significant.
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B: UNIT HOOF LOADS: GROUP I

1. Gbjests.
(a) To test a method of caloulating static unit hoof lead,
and tc obtaln preliminary information concerning the between
ends within olasses, and the between age (or breed) statie
unit hoof loads eof the animals eof Group I.
(b) To utilise the information cbtained in (a) above in the
design of Part III of the investigatien.

2. Method of Caloulating Statio Unit Hoof Load

The statioc unit lead for each end of each ocow in the
sample was calculated fresm the fellowing formulae:-

Statio Unit Lead Teotal heof load for end.

(For end of animal)  Total bearing area of end.

Hoof load data fronm Seotion A of this chapter and the
"one ocast per oorner” bearing area data (Chapter V Subseotion
4(b) ) were used in these caloulationms. Caloulated in this
way unit load applies enly to an animal in the static stanee.
It was also tacitly ascumed that the end load was distribduted
between the two supperting hooves exaotly in proportien te
their bearing area. This assunption may or may not be true
in the field. HNevertheloss, the estimates obtained should be
useful appraximaticns to the actual, and quite suitable for
ccuparisons between animals and olasses of animals.

3. Besults

The caloulated unit loads are recorded in Appendix J.
The mean unit hoof lead for cach age (or breed) olass, and for
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Teble XVIII | Table XIX
Mean front end and mean rear end unit hoof Analysis of Variance of Mature, 3-year-old
loads by age (or breed) class and 2-year-old Jersey, Unit hoof load date,
AGE CLASS | FRONT REAR (F - R) [Confidence (F + R)
(P) (R) LEnita et SOURCE a. f. Mean Square P
95%
Age -4 28,529 20,62%*
(pesele) | (pPesetle) | (pPesei.) (Pesoi.) (pesei.) End 1 s 80.885 58, LG*»
Mature . Age x End 2 0.3112 <1
Priesians 18,827 16,623 2.204 |= 1,061 17.725%
Animals
- within o s
idature classes 1.
Jerseys 17.547 15,493 2,054 R~ 0,624 16, 520
Total 59
| 3-year 15.826 | 13.278 2,548 = 0.590 14, 552
Jerseys (**p < 0,01)
2"Yﬂﬂr +
Jerseys 15. 546 13,182 2.3%64 = 0.588 14, 364
Table XX

Analyses of Variance of front and rear end unit hoof losds for each age
(or breed) class

Ag; ﬂ(' 21- Breed) e MATURE FRIESIAN MATURE JERSEY S-EARS?&LD z-argAlggLD

Source d.f. | Mean Square P Mean Square P Mean Bquar'e F |Mean aqu F
Animal 9 10.243 4.66* | 1.5885 2,08NS( 2,5422 | 3,74%| 2,0526 | 3.04N
End 1 14, 301 6.50* | 21.101 27.68%+ )| 32,462  L7.74*| 27.945 |41, 35%|
Animal x End 9 2.199 0.7623 0,6800 0,6758
Total 19

(**p < 0,01; *p < 0.05; N.S8.: p>0.05)
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front and rear ends within age (or breed) olasses, are presented
in Table XVIII.

The usit lcad data represents a set of ratios cbtained
by dividing hoof load by hoof bearing area. Fream the informa-
tion avallable, it was thought impossible to prediet the
distribution likely to rosult when ratios of these two variates
were caloulated. However 6 as heterogenmeity did not appear teo
exist in the variances of the Jersey subgroups, and sinee the
range of this data was small, it was oonsidered feasible to
apply the amalysis of variance technique to the untransformed
Jersey data. The variange of the Friesian data was very much
greater than the varianges of the Jersey groups, and therefore
eould not be included in the same analysis.

Table XIX gives the results of the amalysis of variance
of the Jersey data. This analysis showed highly algnificant
differences to exist between the age olass means. The
application of the t test showed these differemoes to lle
betusen the mature and immature groups. (The mean difference
between mature and 3-yearwclds being 1.968 p.s.i.). The
differenoe of only 0.188 p.s.i. between J-year-clds and 2-year-
olds was nob signifisant.

The analysis of wariance (Table XIX) alse showed highly
significant differenmces te exist between the means for ends.
The age by end interaotien was non significant, indicating
that the differences between ends were repeated in a like

mapper in eaoch age class. This was further demenstrated by
the analyses of variance within each age class, given in Table XX.
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The difference between ends was highly significant, and of
a similar magnitude (= 2 p.s.i.) in each age olass (Table
XVIII). 1In the mature Friesian group the end difference was
enly signifiecant at the five per eent level, although the
agtual difference was of similar magnitude. The end
difference, and the poepulation oconfidence limits for the
difference, within ecach age (or breed) group are given in
Table AVIII.

The mean unit hoof lead for the mature Friesian group
was 1.2 PeS.i. larger than the mean for mature Jerseys.
To test the significance ef this differenmce the "Animals within
classes” (within ends) variation was caloulated for both Fries-
ian and Jersey groups. (Vithin each breed group, "animals with-
in olasses" variation (d.f. = 18). = Total variation (d.f.= 29)
minus variation due to ends (d.f.= 1) ). The values cbtained
were then used in the following form of the t test.

i = X / /EB1+EIB2
D

where X = the difference between the two means.
EMS, and EMS, = the orror mean squares, in this case "animals
within classes", for each mean.
n = punber of measurements in eaoch mean.

The t value obtained (t= 1.981) was nen significant
(p<0.13p<0.05). It was oencluded therefore that though the
evidence suggested that the mature Friesians exerted a slightly

greater statio hoof lead than the mature Jerseys, the data was
not adequate to establish this conclusively.
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C: DISCUSSION AND CONCLUSIONS

it was oonoluded fxem these results, that the techmnique
of estimating hoof leads was workable, and capadble of giving
results of good repeatobility. The technigue could be improved
by slight modificatiens (page 118). In oambinatieon with the
bearing area results, the unit hoof load data was ocaloulated,
and although & repeatability estimate occuld not be made, the
usefulpess of the unit lead data was demenstrated in the results
obtained from the statistical analysis.

The original heof lead data, and the derived unit lcad
data, were analysed in a like manner. The results were found
to follow a similar patteorn ip each set of data. Unit loads
and hoof loads were groater for the front feet in every age
(or breed)class. Likewise the means for ages (or breeds) fell
into a similar ranking erder in each set of data. Hewever the
tendenoy for bearing arca to fallow the same pattern as hoef
lead, partly nulified the effeot of the large differences in
heof lead. Thus the mean unit loads for all ages (er breeds),
range only from 1l4.4 to 17.7 pes.i. The ocupensating effect
of bearing area is well illustrated in mature Jerseys and
Friesians. The mean hoof load for mature Friesians was
38 per cent larger than for mature Jerseys. The mean bearing
area was however 28 por cent larger for the Friesians. Thus

the unit hoof load was approximately only 7 per eent greater
in the Friesian age olass (a difference of slightly over

1 peS.i. wvhioh was statistically non significant).
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Thus the higher front end mean hoof loads, in each age
olass, are a result of higher front end hoof loads, incompletely
campensated for by slightly larger ho«f bearing areas.

Fren these results, it was oonoluded, that in designing
Part 111 of the investigation, measurements should be made
separately for the front and rear ends of esach animal. As it
was not possible to estimate separately the hoof lcads for left
and right hooves, no oaparison between sides ooculd be undertaken.
Ap important differencc between sides in hoof leoad, or unit load
appeared, on loglcal grounds, unlikely to exist. Thus one front
and one rear hoof of ecoh animal, at random between sides, ooculd
be measured. In this way a greater number of animals would be
sampled, than if all four hooves were measured.

It was further oeonoluded, that in view of the differences
between front and rear onds, and of the differences between age
olasses, the olassifiocaticn of data intec age olasses and ends
within age olasses, should be retained. An examination of the
sub olass and age olass differenees, would show which sub classes
and olasses oould be pooled, for the purpose of caloulating bulk
estimates. In this way alse¢ interrelations between faotors,
should be mere apparent. For instance, a olearer pioture of
the way in which hoef lead and bearing area act, in determining
unit hoof lead, should be cobtained. The similtanecus measure-
ment of hoof length and bmeadth, and enclesed area oould also
be undertaken, to provide as full a set of informatien as
- possible.

Such an iovestigation based on the findings of Part II
is reported in Part III.
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For several reasons the oamparison between the Jersey
and Friesian breeds was not oontinued further, mainly because it
was thought that more useful information would be obtained by
measuring all normal olasses of the Jersey breed, rather than
attenpting a breed comparison.

The preliminary results obtained, indicated that the
Friesian unit hoof load was only slightly (and non significantly)
higher than for the Jerseys. The area directly ocovered by the
Friesian feet was at the sume time greater. It was impossible
to pursue this eomparison further, until estimates of number of
footsteps per oow per day were avallable, for animals of easch
breed. In any case, until the theory of trampling effeots on
soil and pasturc is elucidated, such ccoparisons unless strikingly
different, are not likely to be oonclusive. A first step in the
eluoidation of such theory, from the apimal view-point, appeared
to be the measurement of all relevant hoof features for all ages
of ene breed. dJerseys, the main dairy breed in New Zealand, were
the obvicus chelee for such an investigation.
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CHAPTER VII
INTRODUCTION TO PART IIX

Part III treats with the measurement, and the statistiecal
analysis of measurements, of the bearing area, load,unit load,
breadth, length and enoloesed area of the hooves of five age
classes of Jersey cattle.

In Chapter 1I, bearing area and hoof load were defined
as the determinants of unit hoof lead. Unit load and breadth
appeared to be the main animal determinants of hoof penetration,
and hence of the intensity of the effeet of the feoot-print on
soil and pasture.

Hoof shape oould not be defined mathematisally, but was
recognised as a third faoter in problems of hoof penetration,
although its exaot significance was not known. However, hoof
length and hoof breadth should define hoof shape sufficiently
to deteot any important differences. Finally the enclosed
area was postulated to give an estimate of the area affected
by the foot-print.

Thus, the measurements were intended to provide estimates
of the main factors determining the magnitude of the effeot
of the foot-print, which is thus regarded as the unit of
trampling.

In measuring these hoof faotors, the effeot of spreading
of the toes of the heof, also menticned in Chapter II, was
experimentally examined.

The objects, source and ocmposition of the animal sample,
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techniques of hoof ecasting and toe-spréading, and the treatment
of the data, which were similar for each hoof feature, are
desoribed in the following seotions of this chapter.
The results, of the measurement of bearing area, load and
unit load are given in Chapter VIII, and of the measurement
of length, breadth and enclosed area in Chapter IX. In these
chapters, disoussion of results is confined to fastors affeoting
the results, and of interrelations between the resultas., A
summary of the results and oonclusions obtained and their
relation to trampling problems, is given in Chapter X.
1. Objects
(a) To obtain estimates for eaoch of the fellowing hoef features:-
(1) Bearing area
(11) Statio hoef leed
(111) Static unit hoof load
(iv) Breadth
(v) length
(vi) Eneclosed area
for five age classes, and
for front and rear ends within the five age classes of Jersey
cattle from the Massey Ammm: College pure~bred Jersey
herd.
(b) To statistically evaluate the differences between the
means for front and rear ends within age elasses, and between
the age olass means, for each hoof feature.
(e) By applying an artificial toe spreading treatment to test the
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hypothesis; "Toe spread has a negligible effeot on hoof bearing
area and hoof length®. Further, to obtain an estimate of the
possible inerease in breadth and enclosed area due to spreading,
(By the definition of spreading, hoof breadth and enclosed area
must inorease).
(d) To obtain estimates eof repeatability of the measuring
techniques used, in these features unaffected by the spreading
treatment.

2., Source and Composition of

Seventy five female animals, ccuprising five age classes
equal in number, were seleoted at random within age elasses
from the Massey Agricultural College pure-bred Jersey herd,
previously desoribed (page 8l). The subsample number was set
at fifteen per age olacs, as the maximum pumber that could,
for practical reasons, be measured. Age coomposition was as
follows:~

Mature (over 4 years) Average age 5% yrs.:Range 4-l1l1 yrs.

3=-year-olds oo «e36% mths.: ..35=39 mths.
2=year-olds oo «e25) mthSe.: +.24-28 mths.
1",'.‘:-01“ oo eelJk mths.: ..ll-14 mths.
Calf .o oo 4 woOkS.: .. 3~5 weeks.

All animals 2-year-old or more ("herd oows®) had calved
in the Spyring, and had been lactating for at least three weeks
at the time of measurement.

The yearling animals were managed as a separate unit,
and derived most of their feed from pasture. The ealves
were held on pasture, but fed twice daily on wheole milk.
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Veighing and hoof moulding of the animals were carried
out between 30th August and 16th September, 1955. Zash animal
was hoof moulded immediately after weighing.

Je Heof Cas Techniques

Moulds were made ¢f ene front and one rear hoof of
each animal, at randem botween sides. Two moulds and easts
were made of each hoef seleoted. One mould was taken with
the hoeflets of the heef in the "toes together® pesiticn, the
other with the hooflets in the "tees apart® position (defined
on page 52). The tees were spread with finger pressure to the
paximun possible without causing disocufert to the animal.

The spreading was thus subjeotive and empirical. It was
designed to separate hoof factors intc two olasses; these
unaffeoted by spreading and those obviously affected. In the
latter faotors an estimnte of the degree of the effect was
required.

In making a mould in the "toes together" position the
hooflets were held together so that the toes touched or almost
touched.

Harrower key way blooks, necessitated by the small size
of the hooves of the eclves, were used througheut. HNo other
alterations were made te the moulding and casting prosess as
used in Part Il.

Casts were alse oentourlined as previcusly at the
6/20 1non centour.

4. Zreatment of Data
The data for each of the six hoof features were amelysed
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separately. Firstly, in each oase, the sudb class means were
examined for a treatment effeet. If the toe spreading treatment
had pegligible effect, the two measurements of each hoof (toes
together and toes apart casts) were treated as ordinary duplicate
measurements, and used te obtain an estimate of the repeatabllity
of the teohnique.

The methods used in this, and subsegquent anmalysis of the
data, is deseribed in (a) below. The aim of these analyses was
to speoify and evaluate differences between age olasses and
between ends within age olasses. Fron the information extracted
in this way, the results of various hoof features occuld be
ocmpared and evaluated. Graphs were used teo aid in this oomm~
parison, and to summarice the results. Then fipally, it was
possible to decide for each feature, which classes (or sub
classes) ocould be cocmbined and the estimates expressed, without
undue loss of preoision, in a more widely applicable form, by
caloulating pocled estimates for the ccmbined classes.

In the event of an obvious treatment effeot, the data for
the "toes together" treatment were dealt with as in (a), except that
po estimate of repeatability coculd be caloulated. The "toes
apart®” data were later treated as desoribed in (b) below.

.— . - - B e e S D

¥ithin each age ¢lass an analysis of variance of the
following form was carried out:

% o} 11¢ a . j - Sy " (
X i I LCAWICNT LH14
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Sourse of Variation d.L.
Andmal
—~ -
Apimal x End Interaction 14
Measures Within Animal Ends 30
Zetal 59

- —

The measures within end mean square was used only te
caloulate the standard deviation of the measurement teohnigue.
This estimate of repeatability of measurement weuld inelude any
extra errors introdused by the spreading treatment.

In the main part of the analysis, the animal by end
interaction mean squarc was used to test the significance of the
difference between the moans for ends, and between the means for
apimals, the latter being an inocidental test of less importance.

In the tables of means, the end differsnces for sach class
were given as front end mean minus rear end mean. (Thus a
positive differemce indicated that the front mean was the larger.)

The population confidence limits were caloculated as follows:-

Population confidence limits.

- mean difference =

¢ fz (A. x E.I.)
(0.05) »

Ae X EoJde = Animel x end interacoticn mean square and from
vhich the degrees of freedom for t are derived.

n = JNunmber of measurements froem which eash mean
was saloulated.

In each hoof feature it was intended to apply the analysis
of varianoe technique to the data for all age classes, and thus
implement a test of the age ¢lass differences. However, if suoch
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tests of significance wore to be valid, it was necessary to
establish that the errer variances of the different age classes
were hanogenecous. Froan the results obtained in Part Il
hetercogeneity was antioipated. Thus the "animals within
classes” (or strictly "animals within classes within ends")
mean square was ealoulated for each age olass as follows:-

Seurge of Variation d.f.
Total 29
Ends 1
"Animels within oclasses” 28

Apimals within classes was the error variance on which
tests of homogenelity woere scarried cut, before oombining the data
for each age olass in the following form of analysis.

Scuree of Variation d.f.

Age 4
Lod b § 9

Age x End Interaction 4
Animals within classes 140
(Teotal) (149)
Measures within Lnds 150
Total 299

P

However, as Bartlett's test of humogeneity of wvariance
(Snedecer 1946) invariably indicatedhetarogemeity to exist, the
above form of analysis had usually te be medified, and age olasses
with divergent varianoes excluded.

Alternatively, if the relatiocnship of the error variances
to the oorresponding means for each age olass suggested that a
transformation of the data was likely to produce hemogeniety,
the appropriate transfermation was ocarried out and the tests of
homogeniety repeated. Then, if homogeniety was not ccmplete,
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age olasses with extreme errer variances were drepped frem the
combined analysis.

In the amalysis, the measures within end mean square was
used only to caloulate the standard deviaticn of the measurement
technique over all olasses.

The effeots in the main part of the amalysis were tested
against the animals within classes mean square.

In the event of a significant age effect, differences
between individual age olass means were tested, by applying the
usual form of the t test:

ts X /g@.g.s.)

where:

X = difference between palr of means.

n = Number of measurcments fram which each mean was oealculated.
E.M.S. = Error mean square (animals within olasses) frem combined
apalysis, and fram which the appropriate degrees of freedom were
derived.

Differences between the mean for any age olass not included
in the analysis of variance, and any other age olass mean, were
tested in the following approximate t test for heterogenecus
varianges.

t=Xx

/BJ.S.1+ EolleSe,

Symbols as before, exoept that:
EelieSey and EoieSe., = the respective errcr mean squares
for each age olass.
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In the tables of moans, significant differences between
age olass means were indieated, by Jjoining the age classes with
a straight line, on vhich the level of significance was denoted
in the usual way.

(b) "Zoes Apart” Data for Features Showing a Treatment Effect.
The toes together pesition was, from cbservations made
during moulding, the nwmal hoeflet positien for animals standing
on a hard surfase. Thus, the toes together estimates were regarded

as basio minimal values. The toes apart data were therefore used,
in conjunction with the toes together data, to caloulate the
possible "per cent inercase due to spreading® as follows:-

Per oent inorease on spreading

= Estimate for hoof with toes apart x 100
Estimate fer hoof with toes together 1

The mean inorease on spreading for each subelass was
caloulated, together with the standard error of the mean inerease,
and included in the tables of means for the toes together data.
These estimates provided an indication of the pessible error that
oould be antisipated in measurements based only on the toes
tcg-th-r-hta.

The differences botween the mean inerease on spreading, for
each subolass may, however, be oonfounded by the subjeotive nature
of the treatment, and its greater facility of application in
smaller animals. Little importance can therefore be attached
to these differemoces in treatment response.
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Abbreviaticns Used in Tobles

To save space in tables the following

abbreviations were useds—

SeEe =
SeDe =
CoL's, =
Adj.Class DAff. -

Standard error of mean.

Standard deviation of sample.
Population confidence limits.

Adjacent class difference; denoting the
difference between adjasent age elass

In each case the mean for the clder olass, minus the mean for the
younger class; hence negative values were possible.

The probability level of the results of the statistiecal
teats were dencted by the following conventien:

#% 3 p< 0,013 *3

P<0.05: (H.S.); p=>0.05.
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CHAPTER VIII

Rocw ARG LA “RAERC A Lo

The results of the measurements, and the anmalysis of
measurements of hoof bearing area, statiec hoof load, and unit
static hoof load, are given respeotively in seotions A,B and C
of this chapter. The discussion (Seotion D) is ccnfined to
factors affeoting the results.

A: HOCF BEARING AREA

1. Tee ues

Bearing area was measured by the planimeter measurement
technique, Teochnique II, exocept that in accordance with the
oonolusions reached in Part II (page 111), only one measurement
was made of each ocast.

2. Results

The original bearing area data are recorded in Appendix L.
Class, and subolass means, are given in Table XXI, and in
graphical form in Figure 24.

(a) The Toe Spreading Troatment and the Repeatability ef
Measurement.

Within subolasses the differemces between the treatment
means (Tadle XXI) were megligible. Thus the two measurements
for each hoof were treated as ordinary duplicate casts and the
within age olasses analyses of variance (Table XXII) were
carried out. From these the standard deviations for the
total measurement technique were caloulated and are listed
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Table XXI

(units sq. in.)

Mean Bearing Area

AGE FRONT REAR FRONT | REAR (F - R) AGE CLASS TOTAL
CLASS Toe Positicn Toe Position (r) (R) Adj.
Te S. T. Se lisan iiean Mean C.L's liean S E. class Results
lean liean lean Mean difref. t test
| !
MATURE 11,06 | 11,03 11,89 11,74 |11.04 11,82 -0.77 | *0.70 11.43 | 20.27 - e
| ¢ "
3=YsAR=OLD 10,44 10.30 11.14 11,12 10,37 11.13 -0.76 $0.40 10.75 i 20.17 % ;7 -
- *%
2=YEAR=CLD 9,59 9.60 94,37 9.36 9.59 9,36 +0.23 £0.53 9.48 .21 ) ;‘ =
l . o
1-YEAR=CLD 717 7.07 6.38 6.36 7.12 6.37 +0.75 £0.32 6.74 £0.12 5 ;6 =
- =%
CALF 3.42 3441 3.35 3.36 3.42 3436 +0.06 £0.12 3.38 £0.04 - ——
Table XXII
Within Age Class Anualyses of Variance of Bearing Area data
AGE CLASS
SCURC: OF _ - - , :
——— MATURE 3=YEAR=QLD 2=YsAR-OLD 1=-YEAR-CLD CALF
d.f.| M. S. F He Se F M. S. F Mo Se F . 8 F
Animal 14| 7.0166 | 4.33 " 2.7918 | 5.28"" | 4.507 5,00 1.488 | 4.41"" | 0.14316 |2.90"
End (29)| 1| 8.947 5.52" 8.770 | 16.59"" | 0.79%8 iy 8.452 |25.06" | 0.03163 | <1
Apimal x End 14| 1.6215 3.5286 0.9022 0.3373 0.04939
interaotion
lMeasures
within End | 30 0.06335 0.04918 0.02731 0.06383 0.00687
Total (59).
Standard deviation = 20,25 0,22 £0.17 0,25 0,083
of measurement (sg.in.)
" within classes®
on = 4,319 1.660 2.704 0.913 0.0963
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beneath Table XXII. The estimates indicate a similar repeat-
ability to that obtained 4n Part II (page 105). It may be
occnoluded that in each age class the teohnique of measurement
was satisfaotory and little altered by the toe spreading treatment.
(b) Differences Between Epds Within Age Classes

The differenoce between the means for ends, within age classes,
are listed in Table XXI (a positive sign indicating the front end
mean to be the larger). These results and the results of the
analysis of variance (Table XXII) may be summarised as follows:-

Mature difference significant and negative
S=-year-old ce highly significant .o .o
2-year-old oo pon significant and positive
l-year-eld se highly significant .. ee
Calf .o non significant .. .o

(and small in magnitude)

It can only be cencluded that the relative bearing areas of
front and rear hooves vary between age olasses. In genmeral the
rear hooves are the lawger in J-year—old animals and older.

In 2-year-oclds and younger, the front feet tend to be the larger.

The within age olass analyses of variance alsoc showed that
the differences betueen the means for animals were highly signif-
icant in all age claszes, exoept calves. In the oalf age elass
these differences were enly significant at the five per cenmt level

desoribed in Chapter VII, are listed beneath Table XXII.
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Heterogeneity of varianoe was shown to exist in all ccambinations
of age olasses on whioh an analysis of variance might have been
carried out. Thus, as no simple transformation appeared
applicable, differences between age ¢lass means were tested, using
the t test modified for heterogenecus variances.

The difference between the means for mature and S-ysar-ocld
groups was significant at the five per cent level., All the
remaining differences between adjacent age olasses (Table XXI)
were highly significant.

5. Discussion: Conparison of Results from Group
I and Group II

The age olass bearing area means were smaller for the
Group Il sample than for the ocorrespending age olasses in Group
I. The apparent deorease in area was in all ouses greater for
the front hooves (Tables XXI and VIII). Thus the statistical
analyses showed, that in the mature animals of Group I, the
front hooves were larger than the rear, while in the mature
(and 3-year-old) animals of Group II, the rear hooves were the
larger  Further evidonoe that this was not a freak of sampling
was available from a ownmparison of the bearing areas of the five
oows measured in both the Group I and Group II samples (Table XXIII)



Cow Ne. | Hoef | G.I G.11 (G.I~G.1I)
(SQ.”.) (Sq,.i.ll.) (Sq.in.)

3 FL 15.230 | 11.575*" 34655
RL 15,405 | 13.745 1.660
7 FR 14,095 | 11.3957 24700
RL 12.615 | 11.875 0.740
23 FR 12,605 9.270," 3.335
RL 11.960 | 10,915 1.045
53 FL 13.300 | 10,1607 | 3.140
RR 12,395 | 11.990 0.405
91 FL 14.885 | 13.690] 1,195
RR 13,700 | 12.990 0.710
AL Front | 14.023 | 11.218 2.809
Cows Rear i3.215 12,303 0.912

¥ Slight heel “eresion.
**Marked heel “ercsion®.

The same changes in bearing area are apparent as were
found in the main sample. The small size of this sample, and the
different basis of the measurements, made the data unsuited to
statistical treatment. Instead, an individual study was made of
the data in oonjunotion with the hoof casts for sach hoof.

In both Group I and Group 1I, duplicate casts were almest
ddentical in detail. However, casts of hooves moulded in Group I
were strikingly different from casts of the same hooves moulded
five months later in Group II. Differences were confined to the
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heels of the hooflets, and desoribed as "hsel ercsien”, to
indicate that a less of the softer elastic tissue forming the
heel or bulb of the heooflet had cocurred. The remaining surface
was ¢galloused er pitted,; but hoof wall tissue appeared unaffeoted.
"Heel erosion™ oocurred emnly An the hooves of Group II and was
more marked in front hooves, where the asscciation with deoreased
bearing area was, as indiscated in Table XXIII, most apparent.

The heel ercsion faotor appeared to satisfactorily account
for the general deerease in bearing area in the clder age olasses,
and for the greater deorease in bearing area of the froent hooves.
Heel erosion was neot apparent in l-year-clds or calves. Its
presence in 2-year-olds and J-year-clds was observed but not
spesifically studled.

it was not pussible to determine the cause of the heel
erosion. VWhen receognised during hoof moulding, heel erosiocn was
not accvompanied by any sign of disease or discomfort to the
animal, and was thought to be an unimportant chance envirocnmental
effeoct. One possible cause was a softening of the hoof tissues
due to wet solil oonditiens in the winter months, resulting in
inoreased wear at the heel of the hoef,s Seme factor(s), suoh
as the greater front end hoof lead or the manner of placing the
front hooves on the ground when walking etc. could then account
for the greater ercsiem in front hooves.
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B: STATIC HOGF LOAD

1. Techniques
The weighing technique descoribed in Chapter VI was used,

inoorporating the medifications reccmmended (page 118 and 120).
Front end, rear end, and tetal bedy weights were takem in
duplicate for each animal. The animals were weighed in ome
direction over the scales. Duplicate weights were taken with
only a brief interval, for repositioning the animal, between
each. Milking oows were weighed between 7 a.m. and 8 a.m.,
immediately after milidng finished.

Yearlings were collected from pasture at 6.30 a.m. and
weighing commenced at 7.30 a.m.

Calves were weighed, to the nearest half pound, oo a
movable platform soales. A weighing erate, and a wooden platform
level with the scales, cnabled front and rear weights to be
measured in the same manner as for the older ecattle. Calves
were weighed between 3,30 p.m. and 5 p.n. immediately before
their afterncon feed of milk. |

2. Results
Body Weights

The normal body weights of the animals eof Group II are
recorded in Appendix M. and the statio hoef lead data in
Appendix N. The mean bedy weight, and mean froent plus rear hoef
loads caloulated from these data for each age olass are given
in Table XXIV.
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Table XXV, Mean Statio Heof lLoads.

(units 1b.)

(From natural and log soale data)

FRONT REAR FRONT | REAR (F - R) | AGE  CLASS  TOTAL
AGE Seale i'reigh’.ng Ho. ﬁai&h’.ﬂg Nec. (F ) (R) Adj o
; Class | Results
1 2 1 2 lMean Mean lMean | C.L's, liean S.E. | DAff. | t test
MATURE Nate | 400.1 | 401.1 | 336.0 | 336.3 | 400.6 | 336.1 | 64.5 |-%9.5 |368.4 | —
Loge. 395.6 329.8 361.2 -12 2_3 0 _—
3-YEAR-CLD | MNat. | 371.5 | 373.7 | 308.3 | 311.4 | 372.6 | 309.8 | 62.8 | 8.9 | 341.2 o :
Loge 371.2 | 308.1 338.2 6.2 ;—2 T s
2
2-YEAR=CLD | Nate | 339.5 | 334.9 | 283.1 | 283,95 | 335.2 | 283.3 | 51.9 | 8.3 | 309.3 Wy I
Log. 333 01 281.1 306 .0 -505 1'2_2' ‘ i TR
1-YSAR-OLD | Bat. | 205.9 | 209.2 | 164.2 | 163.3 | 207.6 | 163.8 | 43.8 | 26,0 |185.7 | _ — ) J*
ng. 207 .O 162 .8 183 .6 "'3 03 15_1
o8
CM&F Nate. 38.0 38.3 260" 26.9 38.1 2607 110‘ 31.0 324 +'_ J’
Lﬂgo 38.0 26.6 31.8 "'0.6 e e
:
Table XXVI.
ithin age class Apalyses of Varianoe of statioc hoof luad data.
* AGE CLASS
SOURCE OF
VARIATION d.f. MATURLE 3=YEAR=OLD 2=YEAR=OLD 1=YEAR=0LD CALF
M, S. F N 8 F Mo S F M. S. F Mo S5, | P
as| *# - 8 ' e
Animal 14 | 17119.0 5.82 4172.6 | 16.05 | 5289.5 | 23.81 930.8 7.91 25.89 | 7.8
£nd (29) | 1|62339.0 | 212.1"" | 59095.0 | 227.3"" | 40456.0 | 182.1"" |28777.0 |244.5"" [1966.5 [593.4""
Aninal x End 4| 293.9 260.0 222.2 117.7 3.314
g“i’“ - ‘ e
8
thin End 30 21.67 22.93 21.40 16.40 0.9127
Teotal 59
Standard dewiation
of measurement (1b.) 4.7 %4.8 4.6 .0 £0.96
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Table XXIV

Meap Fronmt plus Rear and Normal Body Weight by Age Classes.

cfiss +Hear (x) | veignt (3) | Gy
(ibs.) (1bs.) (1bs.)
Mature 73647 742.0 + 5.3
S=-year-old 682.4 684 .0 + 1.6
2=year-cld 618.5 620.8 + 23
l-year—cld 371.3 371.9 + 0.6
Calf 64.8 64.4 - Oud

Within age olasses, the differences between the means
frou each source indicate only megligible bias in the technique
used tc measure hoof loads, when used as a method of estimating
total bedy weight.
Froot and Rear Znd Statio Hoof Leads

Age cless and subolass means, from the static hoof load
data in Appendix N, are givenm in Table XXV, and in graphical
form in figure 22,
(a) Repeatability of leosurement Technique

The means for firot and seocnd welghings, within subelasses
(Table XXV), shew little sign of any bias in favour of either
first or second weighings. Froum the within age olass analyses
of variance (Table XXV1), the standard deviation of the measure-
ment teohnique for each age class was caloulated. The wvalues
cbtained (listed demeath Table XXVI) refleot the diffioulty of



maintaining the animal in the "statie” stance during weighing.
The indiocated repeatability is nevertheless higher than that
obtained in Part II (page 124), probably as a result of
eliminating the time interval between repeat weighings. In
the oalf age olass, the lighter scales gave a higher repeat-
ability, though in relation to the mean this repeatability
was slightly lower than in other olasses.

(b) Differences Betwecn Ends Within Ages

Within each age class, the mean lead on the frent hooves
was highly significantly greater than that for the rear
(Tables XXV ard XXVI). As would be expeoted,the end difference
was greater in the older (and heavier) age olasses.

The within age o©lass analyses of variance (Table XXVI)
also indicated that there were highly significant differences
between the means for animals in each age c¢lass,

(e) Differences Between /ge Class Means

The "animals within classes" variation was ocaloulated for
each age ¢lass as desoribed in Chapter VII. The heterogeneity
of these varlanees was such, that the data was transformed to
logarithms s¢ that the J-year-ecld, 2-year-old, l-year-cld and
calf age olasses could be combined in the anmalysis f variance
in Table XXVII. (Bartlett®s test of hamogeneity of variance, for
this grouping, gave a chi-square value of 4,68jd.£.= J which was
non significant). The mature olass (log. soale erreor variance
= 0.,01282) could net be included in this amalysis.
logarithm seale data are given in Table XXV.




Table X¥YVII

Analysis of Variance of ftatic Hoof Load Data for 3=year=old,
2-year=old, 1-year-old and Calf Age Classes (data transformed
to logarithms.)

Source of Variation de fo M. S. F.

Age 3 ‘3.610 359‘.9*1;

End 1| 7 0.6440 | 170.1**

Age x End 3 0.02695 7.127%

Interaction

Animals within 112 0.003786
Classes

(Total) (119)

Measures within 120 0.00009363

Fnds
Total 239

Standard deviation of measurement = 43,53

The standard deviation of the measurement technique
(recorded beneath Table YYXVIT) summarizes the repeatability of
the two weighing technicues over the four age classes.

In the main part of the combined analysic, all effects
were highly significant, The highly significant age by end
interaction indicated that the relative magnitude of the front
and rear end means, on the logarithm scale varied from élnss
to elass. On the natural scale the differences between the
ends (Table X¥V) were obviously greater in the heavier age
classes. The significant end effect indicated that the bulk
means for ends (front = 176.65 rear = 139.1) were highly
significantly different,

From these results, and from the results of the within
age class = analyses, it seems well established that the front
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hooves of the Jerseys support a greater hoof load than the
reayr hooves, and that this end differemoe 13 greater in heavier
olasses.

There were alse chown te be highly signifiecant differences
between the age olass mecans. The use of the t test showed that
there were highly significant differences between all age class
means in the coambined analysis. In addition the use of the
t test, medified for hoterogeneous varianeoes, showed that the
difference between the means for mature and 3-year-—old classes
was not significant. However the difference between the means
for mature and 2-year-ocld oclasses was highly significant.

C: UNIT STATIC HOOF LQGAD

1. Method of Caloulation

Two independent coctimates of statioc unit hoof lead
("unit lcad®) were caloulated for each hoof measured. This
was possible, because all hoof load and bearing area estimates
were made in duplicate. The following formula was used:-
For any hoof x, at end y.

Unit Lead = oef Load (for end )+ 2
'hhTE&r(?'ﬁgx'

It is assumed that the end lead is distributed equally
between left and right hoovess This is probably a olese
appreximation for statio stance, and is unlikely to produce a
bias in the estimates, although variation would probably be

reduced.
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Table XXVIII
Hean Static Unit Hoof Load

(units PoS.il)

FROUNT | RBAR (F - R) AGE CLASS  TOUTAL
AG=5b (F) (R) ﬂdjo
¢ LASS llean Hean Mean L:.L'So liean Oeive Clﬂﬂa Results
uiff. | t test
MATURE 18,30 | 14.21 | 4,09 | £1.3%5 | 16.25 | %*0.42 - TS
0.26
3=YsAR=0LD | 18,05 | 13.94 | 4.10 | ¥0.85 | 15.99 | %0.30 - -
0.41
2=YLAR=OLD | 17.60 | 15.22 | 2,38 | £1,01 | 16.41 | %0.30 - _—
2459 AR
1-YoAR=CLD | 14,70 | 12.93 | 1.78 | £1.00 | 13.82 | ¥0.30 -
# %
e + 9.01
CALF 5459 4,02 | 1,56 | £0.19 4.80 | *0.06 -
Table XXIX

Within Age Class

Analyses of Variance of Static Unit Heef Lead Lata.

AGE CLASS
SOURCE GF . ‘
VARIATION def. | MATURE S=YEAR-CLD 2-YEAR=OLD |  J1-YEAR-OLD CALF
Mo S| F M, s, | » M. S, | F Mo S, ¥ M, S, | F

Animal 62.99 | 2.67" 20.97 2.237°3¢ 45,29 | 3.38" | 27.71 | 2.10%°%° 1.3 2.79"
End (29) 1004.3 | 42.54" " | 1009.2 |107.4"" | 338.91 |29.31"" | 189.07 |14.35"" | 146.6 3031
Apimal x Epd 23.61 9,399 13.39 13.18 0.4836
_interaction

lieasures

within End 30 0.5490 1,039 0.6122 1.431 0.1585

Total 59
Standard deviatiocn
of measurement (p.s.i.)=20.37 £0.51 £0.39 20.60 20.20
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In the Unit leads reocrded in Appendix O, the division
by 2 was emitted. The statistical analyses were oarried ocut en
this occded data, but all means presented were decoded.

2. Results

The Mean unit leads for age olasses and subolasses are
given in Table XXVIII and in graphical form in figure 23.

(a) Repeatability of licasurement

The standard deviations of the measurement technique,
caloulated fram the within ages analyses of varianse (Table IXIX),
provide estimates of the repeatability of the measurement
technique. Although azrrors from twe sources contribute to the
errcrs of measurement, the teohnigque appecred satisfactory
for the purpuses reguired.

(b) Differences Between Lnds Within Ages

Viithin eaoh age class, the mean froent end unit hoof load
was highly significantly greater than the mean rear end unit
load (Tables XXVIII and XXIX). The end differences were
greater in the elder age olasses.

The within age 0lass analyses of varianee also showed that
only in the mature, 2-yoar-old and calf age classes, were the
differences between tho means for animals significant (p<0.05).
(o)

The "animals within classes™ mean square was caloulated for
each age olass, These variances were heterogenecus and ne
simple transformation appeared to be applieable. Thus, only

the data for JS-year-eld, 2-year-old, and l-year-cld oclasses were
ocmbined in the analysis of wariance in Table XXX.
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Table XXX

Apalysis of Varianee of Static Unit Hoof Load Data fer 3-year—eld,
2=year—old and l-year-old Age Classes.

Scuree of Ymtim de. L. He Se ¥s
Age 2 464.5 21,45,
End 1| s 1362.2 62,90,
Age x End 2 87 .46 40,04
Interastion
Animals within 84 21.66

Classes

(Total) (89)

Bartlett's test ef the hamogeneity of the errer varianoes
for this grouping gave a ohi=-square of 3,18 (d«f.= 2) which was
non significant. Data £nr the mature class (errcr variance
= 43,30) and for the oalf age olass (error variacnee =0,9172) were
pot inocluded in this analysis.

The signifiecant intoraoction in Table XXX indieated, that
the ratic of the end means within age classes varled from age
elass to age olass in the amalysis. In Table XXVIII the end
difference was seen to inerease steadily from l-year-cld to
2~year-old teo J-year-ecld classes. The bulk means for end were
also shown to be highly significantly different (front = 16,78
rear = 14.,03)

The oembined analysis also showed that the differences
between the age olass means were highly significant. The use of
the t test showed that, while the differemce between 2eyear-clds
and J-year-olds was nen signifisant, all other ommparisens between
the olasses in the analysis were highly signifiecant.
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The application of the t test modified for heterogenecus
variance, showed that the differences between oalf and l-year-cld,
and between mature and l-year-cld olasses, were highly significant.
However, the differsnoes bdetween mature and J-year-old, anmd
mature and 2-year-cld oclasses were non signifiecant.

Thus the means for age olasses oconpricing herd ocws did
pot differ significantly. However the unit lead for l-ysar-clds
was highly significantly smaller than for these age olasses, but
by less than 2.6 pe.s.i. in all ccmparisons. The unit lead for
oalves was highly signifisantly smaller again, being ecnly
4.8 pes.i.

It was thus apparcnt that pooling the data fer 2-year-—cld,
S=year-old and mature classes, to provide an estimate for
"herd cows®, would summarize part of the results in a practieally
more useful and widely cppliezble ferm. The mean unit lead for
the new "herd oows" was 16.2 PeSeies (SeDe == 2,65 number of oows
in sample = 453 4 determinations per oow). The range for this
sanple was 11,6 = 23,7 peS.i.

D3 DISCUSSION

Bearing area and hoof load were oocnsidered important in
trampling problems, as the jeint determinants of unit hoof lead
(Chapter IIA). Thus evidence indicating whether or not the
unit load results were typiecal, is of importance in evaluating
the results.
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Three points may be examined:

l. The estimates obtalned for hoof bearing area.

2. The estimates obtained for hoof lead.

Je The proportiocnality between bearing area and hoof load.

1. Hoof Bearing Avea

The bearing area »osults for Group 11 were lower than the
corresponding estimates for Group I. The deorease was attributed
to a heel erocsion factor cobserved in herd oows of Group II and
specifically studied in mature cows (Seotien A.3.). This may
or may not have been a regular seasonal change.

2. Hoof Load.

The animals of Group 1I were weighed during that portion of
the laotational seaseon, at whioh Campbell and Flux (1952) found
the body weights of laotating Jersey animals to be the lowest.
Thus far herd oows the mean bedy weights obtained were lower than
the ocrresponding means for Group I. Further, the actual estimates
obtained <for all classcs ef Group II were in the vieinity of
ten per cent lower than the oeorresponding means reported by
Canpbell and Flux, Altogether this suggests that the body
weight estimates obtained in Group 1I were, if anything, lower
than usual. Furthermere, an inorease in body weight and henoce in
hoof lead, oould be expected to coour in all age classes as the
seasod progressed. In the immature groups this would be a
result of normal growth. However, growth would alse be
expeoted to produce a ccupensating, or partly campensating,
inorease in bearing area.
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5« The Properticnality Between Bearing Area and Hoof Load.

In the mature animals ef Group II, the smaller hoof load
aoccompanied by the smallezr bearing area, yielded a unit hoof leoad
estimate similar to that obtained for Group I. In 2-year-eclds and
S=year-clds the deorease in bearing area more than oompensated
for the smaller loadings, so that unit load estimates were
almost 2 p.s.l. greater for Group Il. The apparent ccupensating
aotion, if due to heel oroesicn ooinciding with a normal seascnal
reduction in bedy weight, appeared accidental; but both changes
could be seasonal in coourrence.

Between the age olasses of Group II a oonstant proportiocn-
ality between hoef leoad and bearing area appeared to be reachédd
at the 2-year-ocld ¢lass, and maintained in clder age classes.

In younger elasses there was c¢learly no linear properticnality
between load and bearing area. Welight inoreased more rapidly
than bearing area, particularly between calves and l=year-oclds,
resulting in a rapid inorease in unit hoof load.

Between ends within age classes the fromt hooves were shown
oonsistently teo support heavier hoef loads than the rear hooves,
probably because the front feet have to support the head and
neok as well as the fremt portion of the bedy.

The unit loads were, at the same time, oonsistently greater
for the front hooves, Altheugh by no means oonelusive, the
bearing area measurements suggest that the front heoves werc
proporticned to partly, but not completely, ccupensate for the
greater load. The mature and S-year-cld classes of Group II weze
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direot exoeptions. This oould be atteibuted to greater heel
erosion in the front hoeves; prebably an envireonmental, rather
than an inherent houf size feature.

More oonclusive was the evidenoe obtained from the measure-
ment of breadth (see later). Breadth, defined by the hard hoof
wall, was unaffeoted by heel erosion, and proved te be virtually
independent of oontour height. The results showed that front
hooves were breader than the rear in all classes, significantly
8o in 2~year-—clds and e¢lder. This implied that the basie structure
of the front hooves was proportioned to support the larger lead.
This did nct come to full expressicn in the 2-year-clds and
clder animals of Group II, due to greater heel erosion in the
front hooves, prcbably an environmental effeot.

It is interesting to note that the results obtained by
Kelly (page 55) are in goneral agreement with the above.
(presumably heel erosien was absent in Kelly's animals)

Other causes of variation in unit lcad may be pestulated.
Changes in rumen "fill", pregmancoy and degree of fatness or
oondition of the animal are further faotors that might influenoce
unit lead. It appearsc thereforec that the estimates of variation
obtained will be underestimates. However there is a good chanee
that the multiplicity of faotars invelved will, on the average,

canoel ane another eut. Thus, the estimates obtained of mean
unit load may be fairly typical of the average for all seasons.
Thus the corresponding estimates from Group I and Group II, did

not show a very large seasenal change.
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CHAPTER 1IX
HOOF LENGTH 3 HOOF BPEADTH 3
ENCTL.OSED AREA OF THE HOOF.

The measurements obtalned of hoof length, hoof breadth,
and enclosed area, and the statistical analysis of the
meuasurerents, form the subject of sections Ay, B and C of
this Chapter, In fection D the main differences b«tween
the age class variances for each set of hoof measurements
are summarized. The discussion ( Section E) is confined
to factors affecting the results,and to relationships
between the results.

A: HOOF LENGTH,

e ZTechalgues

Hoof length was measured with the hoof cast levelled
in the measuring bourd., Two straight ed-es were used to
denurcate front and rear terminal 1lines, as defined -n page
52+ The distance between the mid points of the terminal
lines wza measured with frietion ecallipers, to the nearest

one tenth of un ineh,

2. Lesults
The original loof length data are record=d in Appendix

P, Class and suhclass means are presented in Table ¥XXI,
and in graphical form in Figure 29.
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Table

PO

Mean Hoof Length (in.)

AGE FRONT REAR FRONT | REAR (F - R) ! AGE CLASS TC0CTAL
[
CLASS Toe Position Toe Position Mean liean |r AQj.
scale Te Se Te Se (F) (R) Hean CelL's | HMean Se e olas Results
| a1£f. | t test
i
MATURE Nat 4,01 | 4.11 4,27 431 4,06 4,29 -0+23 £0.17 | 4.18 - -
Loge ; 4,05 4,28 | 4,16 £0.04 ==
i | «09
J=YuAR=0LD Nat. J.91 D95 4.18 4.26 393 4.22 -0 .29 12 ! 4,08 - -
Loge 3.93 4,22 | 4,07 20.04 : *
.28 x
2-YuLAR=CLD | Hate. | 3.76 3.83 3.79 3.81 3.80 3.80 0.00 £0.10 | 3.80 - - .
Log. 3479 379 3479 $0.04
P : 0.52 *
Log. 3436 3.17 | 3426 £0.03 —_—
0.97 -
CALF Nat. | 231 2.33 2.28 2429 2432 2428 +0.04 | 20.04 | 2.30 - -
LO}_;. 2 031 2 028 2 30 -000'2 i P—
Table XXXIX
Within Age Class Analyses of Varianoce of Hoof Length data
A GE G L.A 88
SOURCE (F
VARIATIOHN MATURE S=YEAR-CLD 2=-YEAR-CLD 1=-YEAR=CLD CALF
defe | MeSe F HeSe F HeSe ) 4 MeSe ) 4 H.S. ) 4
Animal 24 | 0.2050 | 2.10%5:)| 01375 | 3.14" | 0.1744 5.28"" 0.08945 | 5.03"" | 0.02036 |3.61"
End (29) | 1| 0.7935 | 8.24" 1.2326 |28.18™ | 0.0000 | <1(e3:)| o.4860 |[27.32"" | o0.02667 |2.98(H-5+)
Animal x End 14 | 0.09743 0.04374 0.03304 0.01779 0.005593
interaction |
leasures
within End | 30 0.01283 0.00800 0.004833 0.0090 0.0020
Total (59)
Standard deviation = 20,113 20.089 £0.070 £0.095 £0.045

of measurement.

(in.)



The spreading treatment appeared to produce a negligible

inerease (<0,1 in,) in mean hoof length in esach subclass
(Table XXXT). This effect, even if statisticzlly significant,
was of no practical Importance. Despite its inelusicn in the
statistical znalysis as part of the errors of measurement,

the standard deviation of the measurement technique within
age classes (listed beneath Table XXX1T1) indicuted a high
repeatability.

(b}

The differences between the means for end within age
classes are listed in Table XXXT, a positive sign indicating
thit the front end meun is the lirger. The results of the
tests of significance of this end difference, from the within
age class analyses of variance Table YX¥II, .nd the direction

of the difference, may be surmarized as follows:

Mature difference significunt and negative
3-year-old os highly significunt and negative
2=year-old .e ecuzl to Zero

1-year=-old .o highly significant and positive
Calf ee non significant and positive

(but small in magnitude)

A decrease in length of the front hooves relative to
the rear was apparent In 2-year-olds and older classes
(see Figure 25), 411 differences were small in relation to

the age class means.



S8ignificance of the differences between the means for
animals was established in the 2=year-old u:ndi {=-year-old classes
(p<0.01), and in 3=rear=old and czlf classes (p<0,05). In the

mature class these differences were non signifiecant,

(¢) Anaslrsis of Combined Age Clags Dats

The error varlances ("animals within classes") for esach
age class /ere heterogeneous znd appeared to be proportional to
the respective age class means, The data were accordingly
transformed to legarithms, The mature, 3-year-old, 2-yesr-old
and 1-yvear-old age classes c¢ould then be 1included In the analysis
of vuriance given in Table YXXITI, (Rartlett's test of homogeneity
of the error variances for tiis grouping gave a chi-square value
of 3.79; d.f. = 33 which was non significant). The calf age class
(error variance - 0,0004230; on the logarithm scale) could not be

included in this anal/sise.

TABLE XXXIII,

Analrsis of Varlance of Length Data for mature, 3-year-old,
2=year-old and {=-year-old Age Classes (data transformed to
logarithms).

Source of Variation de fo M. S. Fo

Age 3 01352 104, 3%
End | 2 0.003913 3.015.8.
Age x End 3 0.009484 7« 312
Interaction
Animals within 112 0,001298

Classes
Total 119
Weasures within — 120 0.000115
Ends

239

Total
“Btandard deviation of measurement (in.) = + 0.005
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The means for age clas-es and ends within age classes,
calculgted from the log scale data are included in Teble
X¥XI. These estimates differ only very slightly from the
arithmetical means,

From the combinod unalysis of variance (Table XXXIIT)
the pooled estimate of the standard devi_tinn of the
measurerant technique wasg

+ 0,095
- 0,093

In the combined analysis the bu'k means for age did
not difer significantly. The age by end Interaction was
highly significant, reflecting the change in relative
magnitude of fr nt and reur cnds in the diff-rent age classes,
seen previously from the within age class analyses.

There were also shown to be highly significant
differences between the means for zge classes, Use of thet
test showed that, wi.ile thc mean for mature animals did not
differ significantly from 2=year=olds, all other differences
were highly significunt., TUse of thettest modified for
heterogeneous variances showed the mean for calves to be
highly significantly different from that for 1-year-olds,

Although the mean for 2ey=are-olds was highly
significantly different from 3-year-olds and mature animals,
the differences were small (< 0.4 in,), thus the mean and
standard deviation for the herd cows was caleulated. The
mean value for this grouping was 4,02 in,3 S.D. = g 0.31
and the range = 3.3 = 4.8,
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Bs HOOF BREADTH.

1. ZIechnigueg

Hoof breadth w.s meusured by gauging, at ap-roxirately
right angles to the axis of the hoof, th- maximum dbreadth
across the twin bearing areas of the hoof, A pair of
friction callipers were used.

2. tasults 3 Toeg Together Data

The originzl measurements of hoof breadth are record-d
in Appendix Q. Sinee the toe spreading treatrent produced
an obvious Iinecrezse in breadthy only the toes together d.ta
was subjected to the usual statisticzl unulysis, From this
dat., the means for age classes, und ¢n's within age classes

are given in Table XXXIV and in graphicazl form in figure 26.
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Table

XXXIV

liean Heof Dreadth and per oent inorease due to Spreading

FRONT REAR (F - R) AGE CLASS TOTAL
AGL Liean Toes oSpread lean Tees Spread AdJ.
CLASS (¥ % Inorease (r) % _Inorease lMean CeL's liean Se L. |o0lass |Result
Hean Se E. Mean Se E. (5%) diff. |t test
in. % ty in. w s in. in. in. L in. in.
MATURES 3.78 13.5 1.47 i 3.64 | 11.5 5.5 | 0.14 | *o.11 3.71 0.048 o .
| Oe "
| | | l
| 3=YEAR=-CLD 3675 | 12,0 | 0476 | 3,51 | 15.1 0.97 0.24 | %0,08 3463 0.027 T e
E ! | |‘ > L2
| 2=YEAR=-ULD 3.57 | 13.3 | 0.70 | 3.30 | 14.5 1.26 | 0.27 | *0.08 343 | 0.0%0 | -
| | | ! - L. 2 4
| 1
o * %
CALF 1,97 17.6 1.25 | 1.92 18.7 1.74 0.05 | %0.05 1.95 0.021 - —
!
Table XXXV
Within Age Classes Analyses of Varianee of "Toes Together®” Hoof Breadth data.
. AGE CLASS
| VARIATION d.£. MATURE 3=-YEAR=OLD 2=YEAR=OLD 1=YLAR=OLD CALF
Me Se F Me Se F M. S. F M. Se P M. S. F
Total (29)
Animal U |oams | s5.37" 0.03136 | 2.61" 0.04407 | 3.94™ | 0.02871 |2.26{¥+5+)|0,02176 |4.43""
End 1 0247 |6.:2" 0.432  |36.00™ | 0.9333 |47.66™ | 0.0270 |2.22(¥5¢)(0,0223 [4.34(He5+)
Animal x End | 24 | 0.02128 0.01200 0.01119 0.01271 0.004907
interaction




(a) PRifferenceg Between Endg Within Aze Classes
Within euch age class the mean breadth cof the front

hooves was consisteatly greater than for the rear. In the
younger classes the difference was small ( £ 0,05 in,) and
statisticully non significant (Table XXXV)., In 2=year-olds
and older, the difference was again small (<0.3 in), but
significant at p<0.,01 for 2=-year-olds and 3-year-olds, and
at p<0,05 for matures,

Differences between the means for animals within
classes were significant in muture, 2=-year-old, and calf
age classes (p<0.01) znd in the 3=year-old class (p<0.05).

In 1-year-olds however, these di‘“ferences were non significant.

(b) Analzsis of Combined Age Class Data

The variation duve to "animals within classes™ for
3=year-old, 2=-year--1ld, 1-sear-old and calf classes were
homogeneous and these age classes were included in the
comb?ned analysis of variance Table X'XVI. (Bartlett's
test gave a chi-square of 2.68; d.f. = 3: N.S5.) The mature
group (error variance = 0,0678) could not be included in
this analysis.

TABLE XXXVI

Analysis of Variance of Hoof Breadth Data for 3-year-old,
2-year-old, 1-year-old and calf Age Classes,

Sourece of Variation de f. M. S. Fe
=
Age 3 16,964 813.3%%
i 7| s | i
Iterastion 3 Rl -
Animalswithin 112 0.02083
Classes

Total 119
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In the analysis the age by end interactiocn was highly
significant, reflecting the variation in the differences
between front znd rear ends within age elasses, However,
as would be expected from the within age class anzlyses,
the bulk mean for the front end was highly significantly
larger than the mean for the rear. (Front = 3.06;
rear = 2,90). The difference in breadth was, hovever, very
slight, and only of interest as the only linear or area
measurement to show a consistent end difference.

The combined analysis Table XXXVI also showed there
were highly sign®ficant differences between the age class
means, The use of the t test showed that all age class
means were lighly significantly different, The t test
modified for heterogeneous variances showed further, that
the difference of 0,28 inches betweoen 2=-year=olds and
mature age clasé means, was ! ighly significant. The
negligible difference of 0.0f inches between matures and
3=year=-olds w.s non significant,

For the purposes of relating breadth measurements
to trampling,the differences between the 2-year-olds,
3=year-olds and mature animals obviously do not warrant
division into separate classes. The bulk mean for "herd
cows” was 3.59; S.D. < 0.25; range = 3.1 - 4,3,

3. QResults: Tocs Apart Data

From the toes together and toes apart data the "per
cent increase on spreading” was calculated for each hoof as
described on page 140 The mean per cent inerease for subclasses,
and the standard error of the mean, are given in Table XXXIV,
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The treatment produced an increase in breadth of
12 = 15 per cent in all age classes except calves, vhere
the increase was approximately 18 per ecent, It can be
coneluded that the treatment was effective in increasing the
breadth, but due to the subjective nature of the treatment,
l1ittle importance can be attached to minor differences in

response.

Cs ENCLOSED AREA OF THE HOOF,

1. Zechnligueg

One measurement of the enclosed area of each hoof
cast was made in the same fashion as for bearing area.
Front and rear terminal lines of the cast were demurcated
by two straight edges, so that enclosed area could be
accurately traced with the planimeter.

2. Desults “Toes Togother® Dats

The original enclosed area data are recorded in
Appendix R, 8ince there was an obvious treatment effect,
only the "toes together" data were subjected to the usual
analysis described below.

The means calculated from the "toes together" data,
for age classes, and ends within age classes are given in
Table XXXVII, and in graphiesl form in figure 27.
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Table XXXVII
Mean Enclosed Area and per oent inorease due to Spreading

AGE FRONT REAR (¥ - R) AGE CLASS TOTAL
Toes Spread Toes Spread
CLASS Soale | liean #» Inorease liean % Inorease liean Cel's,. | Mean Se be Adj. -
e = : olass |Result
(F) Hean Se Le (R) M Oe Ee (}”) mt. t tost
8gein. o @ SQein. % ® SQein. 8Qein. | 8qein. 8Q.in. 8Qe.in.
MATURE Hat. |13.88 | 12.63 | 20,84 | 13,98 | 12,37 | T.11 | -0.09 | 20.67 |13.93 | _ - -
Log. 15.79 13.93 135.86 =0.22 0.74 -—:“
3-YEAR=GLD | Nat. [13.10 | 13.13 | %1.54 | 13.24 | 17.34 | $1.04 | =0.14 | 20,50 |13.17 | , - -
Log. |13.05 13.20 13.12 .21 =
= * N
2-YEAR-CLD | Hat. |11.89 | 15.61 | *1,08 | 11.20 | 16.08 | 21,24 | +0.69 | 20446 |11.55 | _ = -
Log. |11.84 11.16 11.50 0.18 - -
. *
1=YEAR=OLD | Hate | 8.56 | 19.38 | %1.42 8406 | 17.77 | %2.63 | +0.50 | %0.32 | 8.31 - -
Loge 8.52 8.04 8,28 | %0,13 =
° =%
CALF Nat. | 4.01 | 20,28 | *1.26 3.96 | 19.74 | *1.84 | +0.06 | 20,17 | 3.99 | _ - -
Log. l 4,00 395 Je98 -0.06 ——
Table  XXXVIII
iidthin Age Class Apalyses of Variance of Lnclosed Area data
SOURCE COF AGE CLASS
VARIATION d.f. | MATURE 3=YEAR=CLD 2-YEAR=OLD 1-YEAR=CLD CALF
Mo So F M. Se F M, S, F M, Se F M, Se F_
Total (29) |
Animal 4| 3,793 | sar 1.692 | 4.18™ 1.884 | 5.46™" | 0.7324 | 4.3¢™ | 0.1120 | 2.24(H-S.)
Lnd 1| 0.0644 [<1(¥-Se) | o388 | <2(¥e5<) | 3,536 |10.26" | 1.8401 |20.92"" | 0.0224 | <2(HeSe)
Apimal x Epd | 24 | 0.7337 0.4065 0.3447 - 0,1687 0.04946
interaction




The differences between the means for ends within
ages were srall, and only of interest because of the
sirilar pattern to that found in bearing area and length,
The direction of the differences and the tests of
significance (Tables YXXVII ahd ¥  “VIII) may be summarized

as followes

Yature difference non significant and negative
3-yeur-old .s oe .o .e .e
2=yeur—-old .o highly significant and positive
1=-yeuar-old .o .o .o .o .o
Calf oo non significant and positive

(but small in magnitude)
The within age class analyses also showed that there
were highly significant differences between the means for
animals in all age classes except calves. In this also

there was a sirmilarity to the beuring area results.

The "animals within classes" mean square was calculated
for each age eclass, These wvariances were heterogenecus, but
the relationship to the means was such,that transforming the
data to logarithms appeared likely to reduce the heterogeneity.
Bartlett's test of the homogeneity of the error variances of
the transformed data gave a non significant chi-square value
of 5.8(d.f. = 4). All age classes could thus be included in
the analysis of variance Table XXXTX,

Class and subelass means derived from the transformed
data given in Table XXXVII, differed only slightly from the
arithmetical means.
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TABLE XXXIX
Analysis of Variance of Enclosed Area Data for All Age Classes.

Source of Variation| d. f. M. 8. F.

Age 3 1.4974 1071:4"= 1.8,
End il 9 0.003408 2.44 1,5,
Age x Bnd 4 0.001718 1.23
Interaection

Animals within ages 140 0.001398

Total 149

In the combined age class analysis the effects of
end, and of the age by end !nteraction, were both non
significanty reflecting the small magnitude of the ends
within subclass differences already mentioned,

The analysis also showed thut there were lLighly
significant differcnces between the age class means, The
t test was used to show that all differences between these
means were significant (p<0,09 for the difference between
mature and 3-vear-olds, and p<0,01 in all other comparisons)

Although the differences between the 2-sear-olds,
3-year-clds and mature age classes were significant, the
actual differences were sufficiently small to make the
pooling of these age classes feasible, The estimate obtained
for the mean of this pooled "herd cow" class was 12.9 sq. in.
(8.D. = I 1,63 range = 9.4 = 17,0).
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D: SUMMARY:DIFFERENCES BETWEEN THE AGE CLASS VARIANCES
FOR ALL HOOF FEATURES

The patterns formed by the error variances (animals within
classes) for each age class were, in general, similar for each
hoof feature. The variance for mature animals was invariably the
largest, generally markedly so. The age range of 4 - 11 years
could account for the large variability.

The 3-year-old, 2-year-old and 1-year-old classes form an
intermediate group of variances in some cases homogeneous, and/or
showing proportionalityto the respective means,

The variances for the czlf age class were invariably the
smallest, «pparently the variaution accompanying the small mean
vailues was small <lso., The variation in ages was =smallj the
range being only 3-5 weeks. Again environmental wear factors,
operating for an average of four weeks =zt a mean unit hoof loading
of 4 p.s.i., could not be expected to produce :s much variation as

in ~lder animals,

E:s DISCUSSTON

1. Length and Dreadth

Figures 2% and 26 summarize the estimstes obtained for
length and breadth, The graphs of the age class means are
similar in form. The intervals between adjacent classes decrease
from the largest, between calves and 1=-year-olds, to the smallest
between 3-year-olds and matures.

However the graphs of the subclass means (Pigures 25. and
26.) form contrasting patterns. On the other hand,the pattern
of the end differences for hoof length corresponds closely to
that found in bearing area (Figure 24,). The results of the tests
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of significance summarized on pages 144 and 163 for length and
bearing area are also almost identical. This, and the nature
of the heel erosion factor, suggested that the length of the
front hooves was reduced by heel erosion, while breadth was
unaffected.

The breadth of the hoof would not be expected to vary due
to wear, since breudth is defined by the tough and rigid hoof
wall tissue, which at the sides of the hoof 1s approaching the
perpendicular., Againg since the maximum breadth occurred almost
at ground level, the contour height of measurement had virtually
no effect on the breadth, Thus, breadth measured with the toes
of the hoof together, is probably the best measure of the size
of the structural framework of the hoof,

As measured by breadthy the front hooves were slightly
larger than ‘he rear., In 1-year-olds and calves, however, this

difference was very small and non significant.

Breadth and enclosed area were the only hoof features

affected by the toe spreading treatment, The mechanism is
obvious, The practical significance is less clear. It was found
that the toes could be wasily spread on the raised hoof. However
in most cases, as the hoof penetrated the wax, considerable
pressure was required to keep the toes spread, especially with
larger animals, Thus it is very likely that in the older and
heavier animals the toes were not spread to the maximum at
termination of penetration, At termination of penetration toe
position was fairly stable.
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Against this, is the argument that the wax should
approxim:te to a moist plastic soil; thus if pressure was applied
to keep the toes apart, the amount of spread likely to occur in
the field was probably excecded. Tittle importance 1s therefore
attached to the differences in subeclass response. HWost important
were the findings that bearing area (and hence unit load) and
length were unaffected. The increases in breadth and enclosed
area are taken to mean that true estimates of these factors can
only be obtained under field conditions. Such estimates may be
larger by as much zs 10=20 per cent,

The toes together treatment was not completely effective.
In some hooves it was impossible to obtain a mould without slight
spreading occurring. Spreading to approximately § ineh at the
toes was not considered a disadvantage, particularly if it
appeared to be natural for the hoof, A spread of % inch or more
was considered excessive, and a fresh attempt was made to obtain

a mould with, if possible, less spread.

3. Hoof Shape
Hoof shape can be partially defined by the ratio of breadth
to length, The ratios Mean Breadth 5 100 for each subclass

Mean Length 1
are given below in order, for each age class from calf to mature

classes.

Front, 8‘09' 87.5' 94,03 95.4' 93.1.
Rear, 84,33 90.65 86.8; 83,23 84.8,

The ratios indicated only minor shape changes in rear hooves
over the five age classes studied. The relative shortening of the

~front feet in the older ages appeared to be due to the heel erosion
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factor. The practical significance of this change, of approximately
ten per cent units, is probably small,

However any investigation of hoof shape would obviously
have to deal with front and rear hooves separately, and also assess

the full nature and frequency of the erosion factor.

4. Bearlng Areg and Encloged Jirea

The graphs for bezring area and enclosed area were generally
similar (Figures 24 and 27). The enclosed area included the cleft
between hooflets, and was consequently approximately twenty per
caent larger than bearing area in all classes and subclasses.
Within classes, the differences between the end means for enclosed
area were consistent with the presence of a slight heel erosion
effecty parallel to, but less marked than that observed in besaring

area.

5. Possible Correl:ztions Between Hoof Features

From the results, and on logicdal grounds, it seemed likely
that the bearing area and enclosed area of the hoof could be
predicted from direct linear measurements of the hoof. Since
area represents a length squared, some function of (length
multiplied by breadth), appears a logical choice.

Field experience suggested that breadth could be measured
directly on the hoof. This would be a measurement sensitive to
hoof size, but insensitive to contour level or heel erosion,
However length, from the results just presented, would be sensitive
to these changes,
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It appeared feasible to measure length directly, by first
contourlining the heels of each hooflet, and then meusuring the
length of each hooflet individually,.

Similarly, once the ratio of the load distribution between
the front and rear hooves is known for all seasons, then hoof
load could be predicted fror body welght. HHowever in this, and
in other instances, where either prediction equations or
correlations between factors could be developed, the uses to
which the results co:ld be put do not appear to justify the work
involved.

Other more profitable lines of research, following
from these results, are mentioned in the final discussion
(Chapter X).
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CHAPTER X
SUMMARY OF FINDINGSS DISCUSSION:
FINAL SUMMARY

At SUMMARY OF FINDINGS

ol cerbl

1. A method of meazsuring hoof bearing area and enclosged
area wus developed, This involved hoof moulding, casting,
contouring and subsequent planimeter measurement of hoof area

from a hoof cast,

2+ The total hoof custing technique and the planimeter

measurement technique, were each shown to be highly repeatable
vhen used to measupre the hoof bearing areas of the animalsg of
Group T, (In Part TIT this was confirmed over five age classes
of Jersaeys, from calves to mature animals, and also when extended
to the measurement of hoof length, Enclosed area und breadth were
also successfully measured, though no repeatablility estimate was
obtained).

3¢ A weighing technique was used to estimate the front
and rear end hoof loads of the animals of Group I, The technique
was practicable and of a satisfactory rog;:tabiliur. (In Part III
this technique was employed to estimate hoof loads for five
age classes of Jerseys., Slight modifications increased the
repeutability,

4, The hoof bearing area of the 2eyeareold, 3Jeyear=old
and mature Jerseys of Group T was shown to inerease markedly
from the zero bearing area at the 1/20 inch contour to the 4/20

inech contour, Thereafter the increase was steady and smaller
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to the 7/20 inch contour level, This was attributed to the
concave shape of many hooves, and the sloping buldb or heel of
all hooflets., From this, and other considerations, the 6/20
inch econtour was fixed as the most sultable level for hoof

measurement,

5« The hooflet beuring arezs of the 2eyear=old, 3-year-old
and mature Jerseys of Group I were measured, The differences
between medial and lateral hooflets of the hoof wers small, but
vere symmetrical between sides of the animal, It was concluded
that the hooflets of the hoof could be regarded as identical in
trampling problems,

6, The hoof beuring area, static hoof load and statie
unit hoof load were measured for the Group I animals, The bearing
area data showed no evidence of a difference between left and right
sides, but showed some evidence that the bearing area of the front
hooves was larger than the rear, loof loads and unit hoof loads
were greater for the front hooves than for the reusr. These
findings were used to design the sampling method employed in
Part III,

7« The comparison between mature Friesians and mature
Jerseys showed that both hoof bearing area and hoof load were
greater in the Friesians, The net result was a non significant
breed difference in unit hoof load, that for the Priesians being
greater by only 1 p.s.i.



8, Ihe differences betyeen 2-vear=olds, 3=vear-olds
and_mature age glasses, as measured by mean unit hoof load, hoof

length, breudth, and enclosed urea, were small, These age classes
were therefore combined, and pooled estimates calculuted, for the
new "lLerd cow" class, In this way, the main results for the

hoof features importunt in trampling problems, are summarized
in Table X1,



Table

XL,

Summary of Estimates of !'eans of Hoo” Features Important in Trampling
for the Three MYain Classes of Jersey Cattle.

Wo. in o, of No. of j
CLASS Sample Yeasure~ UNTT LOAD LENGYH |Yeasure-| BREADTH | ENCLOSED
ments ments AREA
(PeSel.) (in,) (in,) (sq.in)
HERD COWS 45 180 16,2 4,02 20 3.59 12.88
(s.D.) 2,6 £0.31 20425 21.6
(Blnp) 11'6"23¢7 303"408 3e1=4,3 9.4=17.0
YEARLINGS 15 60 13.8 3.27 30 2e9 8.31
(s.D.) 1.8 20.20 20.14 20.71
mm, 10.2-18,2 2.9"3.7 2.5"'3.1 7.10"9.86
CALVES 15 60 4.8 2.30 30 199 3.98
(s.D.) 0.9 %0.09 $0.12 20,28
m.n”) 3.34"‘6.38 2.1"2.4 ‘_1 o?"?o‘ [ 3.4-8"‘.5‘
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Details of estimates for class and subclass means for
hoof bearing area, enclosed area, length and breadth, are
presented in the text in the corresponding tables of means,
From these estimates and the statistical analyses of the measure-
ments for each of the above hoof dirensions, the following
results were obtained,
(1) ZThe Age Class Moang for each of the above hoof dimensions
increased by steadily decreasing inecrements between age classes,
from calves to mature animals, All adjacent class differences
wvere statistically highly significant, except the difference
between 3-year~olds and matures, This difference for bearing
area and enclosed area was significant at the five per cent level,
but was not significant for length and breadth,
(11)

were in all instances too small to warrant sepurate eonsideration
in trampling problems, In-consistencies in these results, and in
the bearing area results for Part IT and Part TII, were explained
by heel erosion in the hooves of the mature animals; This
probably occurred also in the 3-year-olds and 2-year=olds of
Group II, but not in the {~year-olds or calves, This was most
marked in front hooves, The only important effect, from the point
of view of trampling problems, as treated in this thesis, was the
resultant effect on unit hoof load (see later),

(111) Ihe Toe Spreading Ireatments The postulate that "toe spread
has a negligible effeet on hoof bearing area and hoof length" was

confirmed, A toe spreading treatment increased hoof length and
enclosed area by from 10 to 20 per ecent in all subelasses,



Due to the artificial nature of the spreading treatment, no
importance could be attached to the differences in subclass
response,

(iv) Hoof Shane, as measured by the ratio of mean breadth to
mean length within subelasses, showed only small changes, which
fndic.ted a relative shortening of the front hooves of herd cows,
This was probably attributable to heel erosion, In the light

of present knowledge, it was thought that this could be regarded
as a minor change, until further evidence to the contrary was

available,

10. ool Load

The estimates of e¢lass and subeclass means for hoof load
are presented in the text (Table Y’V), The main findings from
the analysis of the hoof load results may be summarized as
followss=
(1) ZIhe Age Class lieang for hoof load inereased ten fold from
calves to mature animals, The increase was greatest between
calves and 1-year-olds, Thereafter the increase between adjacent
classes became progressively smaller, Thus the difference between
3~-year-old and mature classes was small and statisticzlly non
significant, All other adjacent class differences were statistically
highly significant, As treated in this thesis, these, and other
differences in hoof load, were considered important only in their
effect on unit hoof load,
(14)
were highly significant in all age classes.s The load on the front
hooves being greater than that on the rear, The extra load on the
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front hooves was 11 1b, in ealves, !nereasing at a glower rate
than mean hoof load to 64 1b, in mature animals, Thus the
relgtive difference between front amirear hoof loads was greatest

in calves and smalley in more mature animals,

11. Unit Hoof Load.
The estimates of unit hoof load were regarded as the

summation of the effects of hoof load and hoof bearing area,

The class and subelass mean unit hoof loads are presented in
Table XXVIII and in summarized form in Table XL, The main.
features of these results may be summarized as followsi=

(1) ZIhe Aze Clags Means for unit hoof load form a distinctive
pattern (Figure 23), 'ean unit hoof lo:.d increased rapidly from
4,8 p.s.i. for calves to 13.8 pessis for t-year-olds, and to a
maximum of 1644 pe8.il. for 2-year-olds, Differences between these
age class means were clearly highly significant, despite the
approximate nature of certain of the statistical tests, due to
the heterogeneous age clas:s error varlances, The mean unit loads
for 2-year-olds, 3-year-olds and mature classes were not
significantly different and were approximately constant, with a
mean for the three classes ("herd cowe") of 16.2 peseis

(11)
were highly significant in every age class, The front end unit

hoof load was in every age class greater than that for the rear,
The difference was greatest (over 4 p,s.i.) in 3=year~olds and
mature animals, This difference appeared to be due in part to the
greater heel erosion in front hooves, although in Group {1, when
no heel erosion was noted, the unit load on the front hooves was

still significantly greater than that for the rear (prroximately Wy
2 Pesel, ) While this difference is noted, the practical utility
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of a pooled estimate for herd cows outweighed the greater
precision obtainable by calculating separate estimates for
subclasses, The mean hoof load for herd cows was therefore
calculated, The re’ation of this and the estimates for other
hoof factors (Table XL) to trampling, is discussed further in
Section B,

12, A comparison of the results from Part II and Part
171, the evidence of heel erosion and the probable effects of
normal growth on hoof features, all serve to emphasize that the
estimates obtained are susceptible to change. A review of
literature dealing with variantion in body weights, likewise
indicated that hoof loads and hence unit hoof load, were lilkewise
liable to seasonal changes and minor fluctuations, Thus, the
est'mates obialned can only be claimed to apply to the selected
population, for the period during which the measurements were
taken, Judgment must be used in applying the results to other
populations or periods,

Bs DISCUSSINN OF SUMMARIZED RESUNLTS IN
RETVATION TO TRAMPLING
The relative magnitude of the hoof load and hoof breadth

estimates for each class in Table XI. are {llustrated in Pigure 28,
The hoof cross-sections were drawn for illustrative purposes only,

They were, howvever, based on the following information from
resul ts already presentedj

8 Dopth of trotion = 6/20 inghs b, Hooflet ggunl in
size pu,o 6, Width between hooflets at tha inch
contour for each age class =

of le
(Herd cows = 0,58 in,§ 1eyear-old=0,48 in,; calves=0,26 in,)
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This was only an approximate method of estimation which
however, since the variation in length was small, shoul

be sufrlclently accurate for illustrative purposes,

des The curvature of the bearing surfaces was based on the
data in Table V., (Page 86), Hooflet width at any contour
was made proportional to the bearing area at that contour
for the Jersey ani-als of Group I, Calf and 1-year-old
hooflet gections were scaled down versions of this, The
hoof sections 1llustrate effectual rather than actual
cross=-sections,

In the diagram, the relative lengths of the unit load
vectors emphasize the very small unit load of the eslf age class,
The calf hoof would be stsble on any soil with an ultimate
bearing capacity of 4,8 p.s.l, or greater, The 1=-yeireold hoof
would not be stable unless the ultimate bearing capacity was
greater than 13,8 pe.s.i, Similarly the mature hoof would not be
stable unless the ultimate bearing capacity exceeded 16,2 pesei.
Furthermore, on such a so!'l, the penetration of the 1~year-old
and calf hooves would be less than the six twentieths of an inch
gshown in the diagram,

The effect of the difference between mean front and rear
unit hoof load, would be to make the threshcld at which hoof
penetration occurred indefinite, Because of this and other
sources of variation in unit load, the threshold ultimate bearing
capacity at which hoof penetration, due to mass sheer failure of
the soll, was negligible, would be higher than the ultimate
bearing capacities cited above, for each age class,

In the event of sheer fallure of the soil as treated on
page 46, soll factors would mainly decide the depth of hoof
penetration. However; the hoof with the heavier unit load would
have a greatér potential for penetration, and thus soll damage,

than the less heavily loaded hoof, In the three age classes
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dealt with, heavier unit loads are carried by broader and longer
hooves, affecting larger areas,
8imilarly the potential wvolume of soil likely to be compressed,
by virtue of the heavier unit hoof load and larger hoof of the herd
eovws, is very much greater than for either 1-year-olds or calves.
This may be {llustrated by considering the hemispheres of soil, of
diameter equal to hoof breadth, beneath the hoof sections in Figure
28, These volumes are obviously those most likely to suffer, due
to either soll sheering failure or soil compression, The volumes
of the hemispheres in order, from herd cows to calves, are
approximately 12, 6.5, and 2,1n.3..
In instances where trampling, cs measured by the number of
foot prints, is intensive enough to completely cover any area,
breadth i1s likely to be of importance only in determining the depth
of zones of soll compression, From the literature studied (Chapter 1),
it appeared almost certain that the depth of such zones of compression
would be some linear function of breadth (provided so!l mechanical
theory for !1dealized masses can be modified to apply to surface
soils),
In deciding whether or not the static unit loads as measured
are likely to cause soil compression, the following information
from the review of literature is relevantie
a. In many instances tractor tyres were shown to cause soil
compaction (Fountaine and Payne (1952)) (Page 19). (Tractoer
tyres are seldom inflated to more than 15 pe.s.ls. Water

ballast and the elasticity of the tyre wall could increase
the vertical unit load to about 18 or 19 pes.i.).

be Day and Holmgren (19552) found that complete closure of
inter~aggregate spaces could be produced in certain sieved
soil aggreiaton, at certain moisture contents, by pressures
of 21 peS.&, or less (Page 30).
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Fig.28.~Diagram of hoof action using estimates of hoof factors (full size).
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FProm these and other work reviewed on pages 16«36, 1t
appeared that under certalin conditions, especially for plastiec
soils with moisture contents in the plastiec range, soil compaction
ecould be caused by the mature cows and probadbly {eyeareolds also,

It was doubtful whether calves could produce compaction, as

distinet from surface puddling. For the dynamic case, when transient
unit loads would be expected to be approximately doudble the magnitude
of the static loads, soll compression again seems likely, at least
for matures and {e-year-olds,

Overseas investigations (see pages 26~23) suggested that
prolonged grazing produced a zone of soil compaction at or near the
soil surface, and extending several inches inte the pr-file, If
the gleyed layeyr observed in the "winter" paddock at Massey
Agricultural College (see page 24) was, as seems likely, a layer
of compacted soil, its thickness was approximately equal to the
breadth of the Ipoves of the herd cow Jerseys of Group II, The
thickness of this laycr contrasts with the gleyed layer, approximately
half an Inch thick, produced by sheep trampling on a nearby area
of the same soil type (Edmonds (1956) ) (see page 25): There is
clearly opportunity for further research to measure hoof factors
in sheep, and in elucidating the determinants and physical laws
governing the distribution of stress and sheer failure zones for
the hooves of sheep and e attle,

In work of this nmature the investigator, dealing with a
foundation the size of an animal's foot, is in the advantageous
position of being able to excavate all soil liksly to show signs
of change, In engineering, the inaccessability of the zones of
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stress beneath large structures has been a severe handicap in
testing the theory of soil mechanies,

Further work towards solving the problems involved in hoof
action could be devoted to defining in full the shape of the
average hoof, for the various classes of animals, Data of this
nature could be used to produce an artificial hoof, The way would
then be open to conduct experiments in whiech the reaction of the
goil beneath the loaded hoof oc;uld be exa-ined, without the
cumbersome animal and consequent unmanagedile hoof loadings being
involved,

At the same time, artif’cial trampling treatments, which
bear a known relationship to natural trampling, could be emplayed
in plot experiments of convenient size, to determine the effect
of the various trampling factors on pasture production,

In this type of work anh in artificial hoof loading
experiments, the estimates of hoof features, especially those for
unit hoof load, could be used to help solve some of the problems
involved in trampling, and eventually to ascertain its true role

in the complex ecology of animals, pastures and soils,
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FINAL SUMMARY

TLiterature relevant to trampling and the animal pasture
complex was reviewed, Prom-thla. and the soil mechanics of hoof
action, six hoof features - bearing area, load, unit load, length,
breadth and enclosed area = were defined as the main determinants
of the effect of trampling on soils and pastures,

Hoof dimensions were defined in terms of contour lines
corresponding to various depths of hoof penetration on & horizontal
surface,

Hooves were moulded in a plastic wax, and subsequent
measurements of hoof dimensions made on contourlined plaster of
paris hoof casts, Front and rear end hoof loads were determined
by a weighing technique, Unit hoof lcad was calculated from hoof
load and bearing area,

Hoof bearing area, hoof loazd, and unit hoof load were
determined for forty animals, comprising two, three and over four-
year-old Jerseys, and over four~year-old Friesiuns, in late March
and early April, Bearing ares was found to increase at higher
contour levels (corresponding to deeper hoof penetration), The
rate of increase was lower above the 4/20 inch contour,and the 6/20
inch contour was fixed as the most suitable contour at which to
measure hoof dimensions, The bearing area of medial and lateral
hooflets differed only slightly, I¢ was not possible to demonstrate
a difference between left and right hooves in hoof beuring area,
There was some evidence of a difference between front and rear
hooves, especially in load and unit load, both of which were
greater for the front hooves,
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Friesians and Jerseys differed 1ittle in unit load, the
load and bearing area both being greater in the Friesians,

From the end of August to mid September the six hoof features
wvere measured on seventy five Jerseys, comprising five classesj
calves, one, two, three and over four-year-olds, A hooflet toe
spreading treatment had negligible effect on bearing area and hoof
lengthy but increased breadth and enclosed area by 10-20 per cent,
The small differences between front and rear ends. in bearing area,
length and enclosed area,were inconsistent between age classes,
due to a heel erosion factor more marked in the front hooves of
older classes, and not present in the first group measured, As
measured by breadth (unaffected by the heel erosion) the front
hooves were the larger. Front end hoof loads and unit loads were
greater than the rear,

For each hoof dimension the age class means Iincreased,by
steadlly decrcasing increments,from calves to mature animals,

Load inecreased s!milarly, the relative increase being greater,
Unit load increased rapidly from a very small value for calves to
a maximum zt 2-year-olds, thereafter being virtually constant,

It was possible to summarize part of the results by
ealculating pooled estimates for herd cows (two, three and over
four-year-olds), The summarized results were presented in a
diagram of hoof action and their relation to trampling problems was
discussed,
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APPERDIX A

PLASTER OF PARIS SHRINKAGE TRST

ObJect: To examine the lineer ecccursey of & wex moulding end
casting technicue,

Ma a

The moulds were msde in a pleque of the wax used
for hoot moulding, Plester of "aris as used in hoof casting
wos used to make the cesta., All meesurements were tsken

with the seme steel rule graduated in 1/32 ineh.

Hethod: Three wex moulds 12 x 1) x 7 inch were mede ond in the
floor of each mould three impressions were made of the edpe of
o sheet of gless approximetely 11 2//32 inch long. A ploster
ber was cast in esch mould. Bars (1), (2) and (3) were eoch
cast from different plaster of Peris slurries, described os

of "stiff”, "medium”, and "licguid" consistencies respectively.
The "stiff” slurry would herdly flow, end the "1icuid" slurry
contained so much weter thet it would hardly set satisfoctorily.
The "medium” wes of epproximately the consistency used through-
out the hoof casting work,

Besulte

The measurements msde of the lengths of the gless sheet
end of the essts of the impressions of the gless sre presented
in Tedble I, All meesurements ore in 1/32 inch end coded by
subtrecting 11 inches.
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Table I
Lineer Measurenents of Plaster Cests (units 1/32 in., - 11 in,)

Length of Class Sheet

Measurenent No. 1 2 3
26.8 26,8 26.8
Length of Impressions of Olsas Sheet
Thirty six hours after cesting

On Bar No, 1 2 3
Impression Ho,

a 27.5 27.0 26.5

b 27.0 26.9 27.5

e 27.0 26,0 270
Sixty hours after caating
On Bar No,. 1 2 3

Impression No.
a 27.5 27.0 26.8
b 27.0 27.0 27.0
e 27.0 26.4  27.0

Discussjon

The messurements obtained show little evidence of eny
shrinkage or contraction either during casting or after
setting, All diserepencies could be esccounted for by
experimental error in meesurement. The comers of the
glese sheet were sharper then the corners of the casts of the
sheet., [ience measurementsof the plaster bars were less
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repeatable,
Errors could also be introduced by distortion of the
moulding wax when making impressions of the gless sheet,

Gonclusions

It wes therefore concluded that errors due to shrinkage
or expansion of the plasster of Peris either during cssting
or for sixty hours sfter casting were negligible,

If shrinkege or expsnsion occurred during setting then
it probably acted in & verticel direction aeting on the
free surfece of the ploster of Paris mixture.
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APPENDIX B

Pilot Trial: MNeasurements of bearing area and

enclosed area (sg. in.)

(Cow No. 83 - 10 Casts Left Front Hoof)

Bearing Areas
Weasurement No.

Cast No. a b [
1 11.47 11.54 11.51
2 10.99 11.08 11:2%
3 11.36 11.26 11.29
4 11.46 13:51 11.52
) 11.63 11.63 11.68
6 11.27 11.26 11.15%
T 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
Weasurement No.

Cast No. a b ¢
i ¢ 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.%8 13.79 13.62
6 13.88 13.82 13.79
g 13.45 13.38 13.37
13.70 13.76 13.60
9 13.93 14.18 14.09
10 12,61 13.04 12.64
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APPERERDIX c

Vertical height of Waterline contours on thirty random hooves drewn one per cow from
Group I Animels, All hooves dipped in dye solution 3/20" deep, ond Weterline
contour height meosured in 1/'4!0" unite to nesrest half unit,

THO YEAR OLDS JHREE YEAR OLDS HATURE
Heel Side fegel Side Heel Side
24 LR L 5¢ 5 5 LWILR 5 5 36 RL 5 S
R 5 5 55 5 5e¢5 5
42 RR 9 5 17 LF S5 5 7 LR 5.5 5
5 L.5 5 5 5 5 5 5
28 LR 5 Le5 13 LR 5.5 5 23 LF 5 5
5 4 Se 5 5 6 be5
56 LF 5 5 12 IR 5 5 3 LF 5 5
5 L 5 5 5 5
98 RR 5 Le5 3L 5 5 87 RP 5 5
5 L 55 5 55 Le5
61 RR 5 5 YO RR 5 5 91 LR 5 5
5 Le5 5 5 Se 5 5
8 RF 5 5 54 RR 5 5 53 RPF 5 L
5 5 5«5 5 5 5
86 LR 3 L S9RF S 5¢5 73 RP Se 5 5
5 5 55 5 5¢5 S
110 LP 5 5 64 RF 5 L 25 LR 5e¢5 h.5
5 5 5 b.5 5«5 5
75 RR 5 5 6O FL 5 L 18 P 5 5
5 be5 5 L 5 5
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APPEBNDIX O

Hiesn Besrinp oree meacured ot seven contour levels on o sud semple of
thirty Jerney hoof cssts fro2 Orou 1. {unitc, 60, ine)
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A-PENEDIX B

Hooflet Bearing Areas (aq.in.)
(Each item is the meen of two measurenents of one cest )

MATURE JERSEY
FROBT REAR
Right Left
Hedjai Leteral Lateral Hedia) Hedlo) Latore]
7.785 7.895 6,945 74200 8.205 7590
7.045 6.970 7.125 64295 6. 220 6,630
6+ 500 7.310 6. 360 6a 3045 54730 6.170
6,040 6570 6.035 6,060 5. 880 54605
6.625 64870 5. 860 7.545 5e 560 £.035
5 395 54735 5.275 5,490 5. 835 b 670
6.750 7.210 6.115 6a 530 54730 54770
6415 7. 540 7.060 64,85 6. 775 6.675
7495 7.635 6240 6.780 6080 54695
7.195 7.550 7.445 6.630 6.085 74300

3 YEAR-QLD JERSEY

6e155 6.515 7.065 64710 64 400 Ge 515
6. 555 7- 200 70 315 60 775 5.690 G- 590
5.415 5¢ 555 5¢635 6+ 355 Se 1495 Se 37C
64335 64755 64290 6.090 5e 700 5935
5. 470 5. 825 Se 310 5730 6,170 5« 550
5975 5775 5¢ 675 64110 5.680 54295
6,800 6. 560 6. 520 64015 Se 355 Se 365
SR om0 §m i ED
6. 560 6.685 6605 6. 1460 6430 64470
2 XEAR-OLD JERSEY

5.780 5S¢ 765 5. 865 5. 730 56 660 Se 30
5.965 2:915 935 6.455 5« 325 5.700
6e 345 265 435 5. 860 S5« 725 5. 305
6165 6.005 575 6.045 Se 360 Se

64315 6.565 195 50985 Sogg 5.810
5.% 6.160 6.280 64455 Se S5« 720
6e 5.715 Se HOO 5« 710 Se 700 5030
5:250 6:093 3755 ei70  5b25 5:775
h.675 5+ 160 L.705 Sdk tm Se

Q
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Cow
Ho.
151
135

154
164
165
168
170
171

~ W

18
23
25

53

v 3d

PRORT

Left

1
18.00
18,04
16.09
17.43
16.81
16.17
16,68
17.25
15,28
17.81

15.30
13.82
12,83
11.75
12,44
10.55
13.32
13.19
13.93
14,89

2
18.03
17.88
16,10
17.32
16.84
16.22
16.85
17.31
15.39
17.88

15.16
13.92
12.75
11.88
12,38
10,63
13.28
13.18
13.98
14,88
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APPENDIX

P

“One cast per corner” Besring Arca iHessurements (sg.in.) Group I

FRIES

Right

1
17.53
17.44
16.47
17.79
17.68
17.52
16,61
17. 03
15.89
17.90

2
17.54
17.33
16. 30
17.74
17.66
17.50
16,60
17.08
15.96
17.83

REAR

Left

1
16,84
19.0)
16,38
15.79
18,76
14,30
15.27
16,24
15.13
16,38

MATURE JERSEY

14.83
14.09
13.64
12,61
12,72
11,02
13.29
.63
13.88
14,98

14.85
14.10
13.70
12,60
12,74
11,00
13.42
14,57
13.87
15.01

15.40
12,61
12,07
11.97
13,08
10.33
12,30
13.28
12.90
12,68

2
16,98
19.13
16.47
15.79
18,30
14, %0
15.25
16437
15.19
16.42

15.41
12,62
12,08
11.95
13.13
10, 32
12,22
13.24
12,82
12,75

Eight

1
15.92
19.83
16,32
14,56
19,91
15,192
14,90
16,55
15.48
16.81

15.35
13.40
12,79
11.33
12.91

9.71
12,36
13.05
12,85
13,68

2

15.92
19.74
16,28
14.54
20,11
15, 36
14.95
16,56
15.29
16.83

15.29
13.39
12.80
11.21
12,88

9.75
12.43
13.14
12,84
13.72

Cow
Hoe

12
13
17
37
L3
49
59

54
60

6L

24
28

61
75

110

PRONT

Left

1
12,93
13,58
10,96
12,52
10.71
11.71
12,92
12,30
13.25
13,06

12,37
12,07
12.31
11.51
12,24
12.33
11.35
12.94
11,03

9.81

2
12,84
13.59
10,92
12,62
10,68
11.69
12,90
12,27
13.24
13.08

12,34
12,04
12,23
11.54
12,21
12,33
11.39
12,92
10.99

9.79

Zight

1
13. 62
14.25
11.16
13,08
11,10
11.43
13.10
11.90
12.15
13.26

11,60
11.84
12,69
11.54
12,73
12,45
11.15
12,67
11.82

9.87

2=YEAR=OLD JERSE

11,66
11.86
12.71
11.62
12.79
12.43
11,16
12,75
11,88

9.86

11.42
11. 79
11.57
11.39
11,96
12,33
11,53
11.88
12,02
10,06

11.36
11.77
11.60
11. 42
11.98
12,36
11.43
11,97
11.97
10,03

13.13
13.16
11,80
11.38
10,51
12,18
11.83
11.71
12,39
12,22

11.43
11.55
11,14
11.7¢
12,07
12.42
11,21
12.73
12,01
10,74

13.19
13,18
11,86
11.92
10,55
12.19
11.86
11.76
13.08
13,29

11.55
11.61
11,11
11.64
12,13
12.42
11.23
12,68
12,04
10,79




(ix)

APPERDIX G
"Duplicete Cast™ Bearing Ares Neasurements (8q.in.)
MATURE FRIESIAN (LP-RR) BATURE JERSEY (LP-RR)
Cow Number 131 135 144 168 171 Cow Number yi 18 25 36 13
Corner Copt lessae-
Ho. mat Hao
e 1 18,00 18,04 16,09 17.25 17.81 13.82 12,83 12,4 10,55 13,19
Left 2 18,03 17.88 16.10 17.31 17.88 13.92 12,75 12,38 10,63 13.18
Front 1 18,04 17.95 16.11 17.63 17.8Y4 13.64 13,00 12,54 10,81 13,27
2 17.93 17.80 16,09 17.66 17.83 13.60 12,95 12,65 10,78 13.23
1 15.92 19.83 16.32 16.55 16,81 13.40 12,79 12.91 9,71 13,05
Right 2 15.92 19.74 16,28 16.56 16,83 13,39 12,80 12,88 9,75 13.14
Reary » 1 16,46 19.4C 15,94 17.53 16,79 13.18 12,69 13,14 9,69 12,60
2 16,49 19,46 15.94 17.356 16,90 13,22 12,65 13,11 977 12,58
( RF-LR) ( RP=-LR)
Cow Humber 146 154 164 165 170 Cow Number 3 23 53 87 91
a 1 17.79 17.68 17.52 16,61 15,89 14.83 12,61 13,29 13.38 14.98
Right 2 17.74 17.66 17.50 16,60 15,96 14.85 12,60 13.42 13,87 15,01
Pront 1 17.87 18.32 17.13 16.12 15.95 .41 12,45 12,95 13,83 14,81
2 17.83 18.26 17.19 16,17 15,82 .08 12,47 12,95 13,36 1482
a 1 15.79 18,76 14,30 15,27 15.13 15,40 11,97 12,30 12,90 12,68
Left 2 15.79 18,80 14.30 15.25 15,19 15.41 11.95 12,22 12,82 12,75
Rear b 1 15. 85 18. 70 1’-&. ho lhb 98 15. ﬁ' 150 Gh 12. 10 12 . 3‘0 120 83 15. 20
2 15.80 18,71 14.46 14,97 15.43 15,67 12,02 12,27 12,86 13,16
3 YEAR=-OLD JERSEY (LF-RR) 2 YEAR-OLD JERSEY (LF-RR)
Cow lNumber 12 13 L9 59 54 Cow Numberp 56 61 75 86 98
. 1 12,93 13.58 11.71 12,92 12.3%0 12,24 12,33 11,35 12,94 11,03
Left 2 12,84 13.59 11.69 12,90 12,27 12,21 12,33 11,39 12,92 10,99
Front 2 12,81 13.43 11.73 12,53 12,04 12,38 12.17 10,91 12,77 11,05
a 1 1318 13.16 12.18 11,83 11.71 12,07 12,42 11.21 12,73 12,01
Right 2 13.19 13.18 12,19 11.86 11.76 12,13 12,42 11.23% 12,68 12,04
Rear b 1 13.34 12.74 12.35 11.90 11,70 11,65 12,56 10,66 12,73 12.11
2 13.31 12,82 12,25 11.95 11.76 11,68 12,99 10,72 12,80 12,11
(RP-LR) ( RP=LR)
Cow Number 17 74 L3 60 64 Cow Number 8 2L 28 y2 110
e 1 11,16 13.08 11.10 12,15 13.26 11.60 11.84 12,69 11,54 9.87
Right 2 11.22 313.G3 11.17 12,12 13,32 11.66 11,86 12,71 11,62 9,86
Pront ® 1 11.24 12,89 11.23 12,13 12,96 11, 11,58 13,02 11,59 10,17
2 11,23 12,87 1.1.27 12,20 12,96 11, 11,71 12,92 11,57 10,12
e 1 11,87 11,81 11,89 11.91 12, 11,52 11,79 11.57 11, 10,06
Left 2 11,83 11.77 11.91 11.83 12, 11,36 11,77 11,60 11, 10,0
Rear ® ) § 11,67 12, 11.27 12,79 13,07 11,53 11,42 11,48 11,65 10,
2 11,57 12,06 11,31 12,73 13,01 11.51 11.39 11,5 11,65 10,



154
164
165
163
170
171

CBIJAURRABE v

NORMAL BODY WEIGHTS GROUP I

leture Fricslen
Beighing o,
1 2

1390 1391
1186 1187
1350 1350
1281 1277
1073 1072
1299 1300
1237 1228
1152 1145
997 997
1048 1046
Hature Jersey
960 953
88y 882
859 853
828 822
878 8n
713 713
810 799
848 8o
973 In
910 905

(x)

APPENDIX

13

228 EEYY

NN
Ce & &

SRIPERR

)
()

H

2yeer-old Jgrsey
Yeishine Vo.
1 2
741 733
6443 647
687 680
729 723
599 595
733 T
719 706
794 784
757 T4
839 828
2 yeor-0ld Jersey
653 645
693 690
598 598
671 665
750 738
67 671
604 598
752 746
685 670
651 645

(Units; 1b.)



(x1)

APPERDIX T
Hoof Load (1b,) Group I

MATURE EYS 3 YEAR-OLD JERSEYS
FRONT REAR IOTAL FRONT REAR TOTAL
Weighing No, 1 2 1 2 1 2 1 2 1 2 1 2
CowBo. 3 534 516 L34 y22 960 953 Cow No, 12 Lly 425 31 3095 rL 733
7 479 491 392 391 88y 832 13 3. 372 276 275 643 647
18 L1 485 354 368 859 853 17 365 33 322 304 687 680
23 L6 450 373 368 828 822 37 Lo8 399 336 328 729 123
25 473 u75 509 Lo2 878 871 L3 ns 328 274 266 599 595
36 394 319 ni 330 713 713 49  Lo3 389 335 320 733 711
53 U445 439 364 362 810 799 54 369 361 36 332 7319 706
73 L37 450 LO1 395 8,8 840 9 518 412 332 376 794 784
87 525 518 L68 456 973 7 60 412 Lio 360 329 757 754
91 480 L83 4§23 1§28 910 905 64 453 L52 368 363 839 828

HATURE FRIESIANS 2 YEAR=OLD JERSEY3
131 720 731 634 626 1390 1391 8 352 348 318 308 653 6485
135 628 612 554 548 1186 1187 24 391 380 6 322 693 690
iy 719 719 580 58L 1350 1350 28 340 337 260 263 598 598
146 684 686 591 593 1281 1277 L2 35 360 316 300 €71 665
154 58 S8 L8k L350 1073 1072 56 501 399 348 333 7% 738
164 692 701 570 602 1299 1300 61 381 367 307 309 671 671
165 674 673 580 555 1237 1228 75 328 ny 268 272 6ol 598
168 619 612 510 51k 1152 1149 86 398 Lol 368 351 752 746
170 526 537 457 452 997 297 98 384 38 33 308 685 670
171 569 576 yn L6l 1048 1046 110 364 360 273 283 6% 645



(xii)
Arrunpia o

Unit Hoof Loads (p.s.i.) Group I
(Cows in same order from the top of each column
as for hoof load data Appendix I)

MATURE JERSEYS 3~YEAR-OLD JERSEYS
FRONT REAR FRONT REAR
17.459 13.930 15,851 11.713
13.34 15.052 13.417 10.74
18.17 14.515 16.900 13.21
18.346 15.949 15.752 14.014
18.854 15.596 14.796 12.037
17-834 15.981 17.106 13.660
16.582 14.723 15.108 14.325
15.962 15.101 15.968 15.249
18.739 17.97 16.194 13.835
16.114 16.10 17.166 13.980

MATURE FRIESIARS 2-YEAR=-OLD JERSEYS
20.408 19.190 14.592 13.665
17.541 14.166 16.126 13.656
22.137 17.785 13.556 11.515
19.493 1§.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



(x111)
APPENDIX K.
Herd Test Numbers or Ear-marks
of the Animals of Group II

lieasurements and data for the animals of Group II

is presented in the order given below =

MATURE 3-YEAR-ULD 2-YEAR-CULD 1-YEAR-QOLD CALF
Test No. Test No. Test No. E. M. E. M.
3 11 2 28 39

f £ 44 9 38 41

13 46 15 71 45

17 26 21 74 48

23 61 25 83 50

31 68 30 95 52
45 75 56 107 53
49 83 47 112 55
33 84 o2 120 67

54 86 60 158 8l

29 90 62 144 82

88 98 71 145 a3
91 99 73 164 110
95 106 87 180 115
107 110 63 197 112



11,25
11.1h
B.68
Qe 33
13.23
8,87
,).'JG
Llel9
Dl
1"‘. : v,
i3e2ly
13,52
1126
1294

R4
B 2
1378 13.71
11,75 12,0C
11.5{'} 11.6?
1l. 35 1.1°
11')3 110&2
11. "’a .‘067
1 "99 1ue7h
1&. .._ J 11.78
111 ').'3;*
11. ('.\q 1*.33
12.?? 13."31
1". 3'? 11. '_..’r)
&I'i. o 1’ / 6
Del3 5017
fe 3 o116
’-'. 55 C,. 51
PRI GCel2
O 6o 26
Se )8 6o 26
“1.'38 (,.:_}?
Ge 30 Ge 33
7.67 762
5«70 5e 61
Ge 59 Ge23
2;9? 8,02
]

Se 71

A |

Besring /reas (3q. in,’
(Mesourenent o, 1 = Cast l. Tonn

(xiv)

PBREDIZX

:T“‘:n- £ ‘

PRONT
1 2
De 97 17e5% 11.%3
‘o 10 . 1215
S 78 10,63 12,12
Luelils  1Ue25 1,797
%26 8.30 a7
10, l";{’ 1.‘_"‘..79 1775
11.'?"3 11.37 Tioan
1115 15425 17.9)
11,33 1155 11e79
lu._)'j i-’.;’ii :-tll
9.'-’4 %.-’)3 )] ._-.;.)
051 1043 1019
T8 1m0 .08
57 226 7075
Gl

36 53 BeliD iy ¢
?‘.:J 3 ‘&. 2 ' «—{,
.45 2456 3,38
307_3 5.% ‘:—- .‘S

3ol 6 3,20 71
3'65 30“% 3‘.“"}
3'1*5 Jof-}ﬁ '_:3
Zeb7 3453 3.0k

%

TS

A DAL
..
-
4.
(%]

a -
&3

Lt

L

Jpoup II
ri-‘L-)s“et h[}’;

-

11.71
1Ce 75
11.56
11-" i
11.71

a0
1091
11.?”
1‘. .( L,;
1Ce 86
1Ce ﬁ’j
12429

%6 35

™

W

??PV?‘;"&”"J}FIE-J}Q\‘J Ve
BAREINRERGIHE

|
-

2 = Cant 2, Toen onopt)

<




(1 = 1st weighing;

MATURE
1 2
844 843
846 845
548 548
614 613
777 777
990 991
576 576
616 618
751 750
621 621
696 696
826 828
822 822
710 713
892 891
YEARLING
322 323
365 367
417 418
338 338
394 395
383 384
352 353
382 385
320 321
389 389
401 399
389 390
385 386
346 348
>89 390

(xv)

APPENDIX M :
Normal Bedy Weights (1b.) Group II1

S=YEAR=QLD
1 2
790 789
655 655
696 696
620 620
678 679
622 622
o584 285
779 779
750 751
735 735
668 668
627 629
7135 715
739 739
603 602
CALF
64.0 65.0
5545 55.0
71.0 71.0
74 .0 74.0
959.0 29.0
65.0 64.5
635 635
7240 72.0
635.0 63.0
68.0 68.0
270 56.0
6045 60.5
63.0 63.0
68.5 68.5
63.0 63.0

2 = 2pnd weighing)

2~-YEAR OLD
1 2
494 493
596 297
272 571
668 668
690 690
674 675
294 595
683 682
649 650
373 272
600 297
502 500
652 653
770 770
294 294



451
310

436
208
323
334
408
324
366
426
448
389

g

201

&K

REEERERERER

MATURE
FRONT SR

2 1
448 384
469 381
306 228
346 276
436 353
516 474
319 248
336 276
400 330
323 284
359 331
444 380
456 370
387 305
472 420
1-YSAR—QLD
183 140
205 164
224 186
196 148
228 170
211 162
206 144
216 161
181 136
222 184
212 187
224 174
210 184
192 155
228 168

2
376

225
280

466
256
269
334
284
329
372
376

428

128
155
184
152
174

157
176

172

i72

(xv1)

APPENDIX H.

Statioc Hoof Loads (1b.) Group II
(1 = 1st weighing;

REAR

J=Y BAR=ULD
ERONT
1 2 1
420 418 362
368 372 284
584 384 312
340 336 270
374 374 302
332 334 294
319 322 253
434 420 336
397 295 347
384 394 354
362 368 297
341 355 289
392 403 322
393 395 334
332 336 268
CALF
39.0 37.0 25.0
34.0 37.0 23.0
44 .0 45.0 31.0
43.0 45.5 29.5
35.0 36.0 25.0
37.5 36.5 28.5
37.5 365 27«5
42.0 41.0 28.0
37.0 37.0 27 .0
39.0 39.0 26.0
33.0 4.0 24,0
”.o “.o 23.0
36.0 37.0 2840
40.0 40.5 27.0
37.0 38.0 24.0

2 = 2nd weighing)

2

368
282
310
272
308
299
262
344
360
356
301
279
316
341
273

27.0
25.0
30.0
3045
2540
29.0
2845
30.0
27.0
27.0
22.0
24.0
270
26.0
26.0

2=YEAR-ULD
FRONT

> 2 1

267 275 224
316 310 272
302 308 268
368 371 296
372 366 314
352 343 320
314 320 272
363 370 315
360 352 291
319 318 263
336 332 258
276 270 220
364 356 292
403 408 368
321 325 274

229
276
272
294
328
322
268
311
288
250
256
2354
290
362
272



(xvii)
APFPENDIX 0.
Static Unit Hoof Loads (pes.i.) Group II
(Laoh item cocded by multiplying by 2)

MATURE 3=YEAR=QLL 2= EAR=OLD
FRCNT REAR FRONT REAR FRONT
1 2 1 2 1 2 1 2 1 2
39.28  38.39  27.87  27.42 38.29  38.52  30.60 31.16 36.18 36472
40.21  41.69  32.43  32.42 36.44 36,08  25.47 26.23 31.85 30.10
28.36  27.47 19.76  19.28 39.26  38.28  28.06 26,82 35.12 34.80
36.80 39.86 24.32 25.18 32,66 31,70  23.40 23.37 42,94 42.21
47.33 46,73  31.89  32.16 35.82  36.49  25.44 26.30 36.40 36.64
38,60  39.00 39,73 40,03 35.85 38,93  30.40 30,20 31.46 31.30
36.33  35.96  22.46 23,99 30.21  29.84  23.10 24.01 32,74 33.93
36.06 37.08 25.11 25,05 36.23  35.38  29.27 29.20 37.38 36.63
39. 39.64  27.05  28.35 35.64 36,07 28,96 32.03 30.41 29.26
36.32  35.76  28.09  28.57 32,19  34.11 30,02 29.04 33.61 33.40
30,30  29.43 29,74  29.19 34.31  35.59  26.73 27.72 33.60 33.17
35.03  33.53 32,51  32.69 37.72 41,14  27.90 26.45 29.36 28,96
34.84  33.73  28.97  28.46 36.26  38.64  26.42 25.71 42,72 42.23
33.85  34.68 24,76  27.02 35.79  35.88  32.49 34,62 41.29 42.81
35.35  36.48 28,77  29.20 38.74  40.68  27.49 26.06 33.44 35.02
1-Y5AR=OLD CALF
30092  32.72 24486  24.75 10.89  10.60 6492 744
26472  27.11  23.76  20.77 9.91  11.38 6.82 7433
27.00  30.14  27.96  28.26 12.75  12.08 9,17 9.04
28427  29.60 24.42  25.24 11.53  11.8% 8.55 8.64
32484 36,71  25.26  27.79 11.44  11.25 8.06 7.94
30,68  29.38 26,64  25.55 10.27  10.49 7.72 792
31.33  32.69 24,48  23.60 10.77  10.55 8.51 8.77
26.43  25.83 25,19  25.90 12.10  11.61 7.76 8.06
23,59  25.53  20.33  22.10 11.35  11.75 8.11 8438
26032  28.31 23,98 23,09 10,29  10.63 7.69 7.78
28,04  28.38 32,81 34,22 10.34  10.36 6.78 8.36
31.42 32.41 26,40  27.60 11.80 11.01 6.67 7.14
27 .82 26.05 26439 23 .47 11.18 11.60 9.36 .82
26.22 26.51 264,95 25.73 11.02 11.34 8.63 7.83

36.45 36.89 28.18 30.12 11.11 11.95 8.00 8.20
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{xix)
APPENDI ¢« Q

Bresdth (units i:..) Group II

HATURE 3 T =0GLD 2 Y3 .R-0LD
FRULD RIAR FRUNT REAR SRULIT REAR
1 e 1 2 1 2 1 2 1 2 1 2

368 be3 beU Le2 2 Lely 308 Lel 36 3 3¢9 362 345
3e8 Lel 3eli 346 3e € lie 2 - LeC 365 Lol 303 Se
3.(’ Lloo 3- J} 308 3.7 hoB 3¢h 3.:} :»OL’» 303 300 307
Se7 Le2 Je b L, 3e 8 Le3 3¢5 Lel Se 1 Lel Je 2 36"
e 6 el 3¢5 LeU e 9 L.2 3.6 Le3 5e5 3¢9 3e:1 3.6
1‘.3 ho{) 3.9 ut 5 3.’4 309 3. 3 h.‘-‘ e ? 14-.1. 3. !l- 3."-3
D beU 3¢5 36 3 o8 lie 1 3ely 369 55 Je 9 3e 3 38
3el Lel 30}4 Le2 L% . lie2 3¢5 Lie U 3¢5 ljaU Do Se 5
303 Ll-a i o § :iol RS “-‘05 305 (T | Fe He H 3‘.'5 !1.(
-‘5. "'1 LI'. ‘L 3. 3 3. 8 3. 8 :4. 1 3- 3 “-i. U 3. tj 3. i 3. ;'.;. ('.].. W
369 be5 365 L, 2 Je 8 Le?2 35 el 5e¢ 5 Lel 363 3.8
L.O L4e 5 Se T e 3e€ LeC 3¢D liel 3ef te O el Se?
L.l e 5 3.8 Lol ke C Leli Bel L,0 5 5 Lel Je3 38
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