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JNIRODUCTICH

Milk producers in the United Kingdom have been under incroasing
econonic pressurc to improve efficiency. While herd expansion,
intensification and genetic upgreding have been used to raise the
production output por acre, considerable atiention has also been
foocussed on decreasing the costsc of production., In the West of Scote-
land, 74 per cent of the total costs of production por cow were
accounted for by fesd and labour (Foderation of the United Kingdom Milk
Marieting Boards, 1968). Low cost producers have understandably con-
centrated on these itoms with the use of easy feed or self feed high

quality roughages and low cost ocubicle housings This has enabled them
to inorease the margin per cow over concentirates and expand the numbers
of cows por man,

In certain nutritional trials animels have performed differently
under group feeding gonditions than when penncd individually (Kidwell
ot als, 1954; Beresy and Csako, 1962; Holt and Barr, 1962). Although
this is not always the case (Jackson, Runcie and Greenhalgh, 1962), it
would appear to be desirable to conduct trials in a gimilar environment
to that in whigh the rosults will apply practically. Even under stall
feuding conditions the mechanism of appetitc control has not been fully
elucidated,and Campling (1966b) has suggosted the need for further work
to examine the perfermance of cows being fled high quality hay or silage
togethor with cancentrale suppleomentations Since the measurement of
individual feed intake is cssential to nutritional studies such as these,
wothods of establishing this factor in loose housing have been reviewed
in this Muon, and the individusl electronic feeder developed




by Broadbent (1967a) is the equipment used in tho experimental work.

The objectives of this study are:-

(1) To examine the feasibility of using electronic feeders for
the individual roughage feeding of loose housed dairy cows.

(2) To make recommendations on any design or compenent change
that would increase the efficiency of performance of these fueders.

(3) To examine the influence of these fecders on cow performance
and behaviour.

(4) To make & comparison of the individual feeding of hay or
silage with supplomentary concentrates in an identical loose housing
environment,




REVIEN OF LITERATURE

SECTION I




Under experimental conditions the accurate measurement of
individual intake is bighly desirable in order to roduce the economic
resources necessary for statistical validity and to explain individual
anomalies. Where animals are penned singly and hand fed, the measure-
ment of both the quantity and quality of feed intake is a comparatively
straight forward task, However, with the increasing trend towards loose
housing of dairy cows, it is clearly desirable to examine individual
indices of performance under such conditions. One method, frequently
used in grasing studies, employs equation (1) to obtain an indirect
measure of individual eonsumption although NcDomald (1968) has reviewed
the numerous difficulties involved in applying this to free ranging
ruminants.

Herbage Weight of « 0 --(2)
Intake = faeces voided - s ty of herbage eaten

The weight of faeces voided may be measured directly with collect=-
ion bags or estimated indirectly by the use of indigestible external
tracers such as chromium sesquioxide. Corresponding internal tracers,
which are natural forage constituents such as nitrogen and plant
chromogens, may be used simultansously in the determination of in vivo
digestibility, although recent developments of in vitro digestibility
procedures have made this latter technigue equally reliable.

An alternative but direct method of measuring individual feed
intake in loose housing is also discussed.




Traditionally, digestibility trials have been carried ocut upon
stall-fed animals where tho measurement of the relative variables is
simplified. MVQ. the scope of this review is directed more towards
the determination of digestibility under loose housing, Since the
literature onﬁhi.» aspect is extremely restricted it is necessary to
drew a corollary between tids and studies at pasture which have been
more extensive.

It would be possidle, as in the case of Jaskson ot al. (1962) to
ap-ly the digestibilit: value determined in a stall feeding trial for
smm, to cows in loose housing. This method however is
subject to two linitations:=

(a) The digestibility of the forage fod to cows in stalls may
diffor from the digestibility of the forage seleeted by loose housed
cows, ‘ |

(b) Different environments may induce different individual perforn-
ances. It is therofore desirabls to have a measurcment of digestibility
'in situ's To this purpose two methods heve beon developedi—

: (1) Thc ratic technique, the application of which requires
a naturally ocourring indigestible indicator and tho detere
mination of the indicatar in both the forage and fasces.
(11) The faccal index technique, in whioh the indicator does
not necosgarily need t6 be indigostible and is measured only
in the facces. This relios on observed relations in pen fed
animals between the digestibility of forase and the faccal
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concentration of indicators such as nitrogen or plant pige

ments,

(a) Zhe Ratio Tochnique

If a chemical constituent is present in forage and passes une
digested into the fagces, digestibility may be estimated directly from
the concentration of this cons“ituent in a plucked sample of forage and
in the resulting fasces, assuming & 100 per cent recovery in the faeces
(Raymond, 1954). This may bo expressed by the equatiom (2) of Kane ¢t
al. (1953b).

Apparent digestibility = 100 « 100

Lignin: Barly work was first directed towards using lignin as such a
chendcal eonstituent capable of being employed as an 'internal indicator'
or 'plant tracer's -Forbes and Carrigus (1948), Richards and Reid (1952)
and Kane ot al. (1950) found digestion eoefficients very closely related
to those determined by total colleetion when using lignim in hand foed=
ing trials. Howevor the reports were conflieting regarding the indigeat-
ibility of this substance. Despité the accurate digestibility determin-
ations, both Forbes and w (1948) and Richards and Heid (1952)
found lignin fuecal reccveries greater than 100 per cent. Murther werk
by Kane et al. (1953a) found lignin to be an unreliable digestibility
predictor when they only obtained a lignin faecal recovery of 95.7 per
cent,

Since lignin is not a chemical entity of definite composition the
poosibilities of difforent metabolism in first and seoond growth grass,
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and of chemicel chenges within the bovine intestinal tract have been
discussed. (Xane ot al., 1953a).

lothoxyl: Since mothaxyl is contained in lignin,but is e more clearly
defined chemical compound and is more easily measured than lignin,
attempts have been made to use the concentration of methoxyl groups in
forage and facces as an index of digestibility (Richards and Redd, 1952).
Its accuracy in the ratio tochnique was slightly greater than lignin.
However, in view of the report by Ely et al., (1951) where only 70 per
cent of the mothaxyl content of the lignin in the ration was recovered
in the fascal lignin, its use has been restricted.

Ritropgen: Nitrogen and plant chromogens are the most widely recognisad
plant indicators, but the problem of obtaining an accurate sample of
'forage consumed' has linited the use of the ratioc technique in grasing
studies,unless a rumen fistula can be used.

Forbes (1950) developed an claborate relsticnship with stoers, using
indigestible protein (percentage nitrogon x 6.25) as an internal indie
cators This gave satisfactory determinatiens of dry matter digestibility
compered with that caloulated firom total collections. Under stall feed=
ing conditions in America, Kane et al, (1953b) working with cows and
Holter and Reid (1959) with steers and wethers also found that indigest-
ible protein provided & remarkably accurate estimate of the dry matter
digestibility, The latter suthors concluded that the true digestibility
of protein was relatively constant regardless of the concentration of
orude protein in forages. However Greenhalgh and Corbett (1960) have
reported that the proportions of undigested food nitrogen and metabolic
faecal nitrogen (M.F.N,) may vary with different protein levels. Since /
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Since these authors have also noted that digestibility does not vary
consistently with the nitrogen level in the herbags the basic concept

of the ratio technique way be questioneds It is apparent that the ine
digestible protein in tho fasces will inslude a source of nitrogen (M.F.N.)
Mhnotpnmtinthefmlndﬁuryﬁtbﬂnhﬁleffud
intake, The significance of this variability may be more pronocunced in
conditions such a2 loose housing where intake is less easily controlled.

Chromogens: Reid ot al., (1952) extraoted the chromogens from forage
and faeces with 85 per cent acetone and then estimated their concentration
spoctrophotometrically at a wavelength of 406 mMe, their point of maximum
light absorbtion. The relative concentrations were then applied in
equation (2) to caloulate digestibility. Brisson et al., (1954) using
this technique with dried grass found excellent agreement in one trial
with wethers, but with steers en adjustment of the nv?hncth was
neoessary to avoid the result being significantly different from those
caloulated by total cellection. Working with oows,Xans ot al., (1951),
(2953a), (1953b) obtained results very closely related to those of total
colloction techniques,but in the last exporiment they reported ehromogen
recoveries averaging 129 per cent. They could offor no explanation for
the effectiiveness of the formula developed by Reid et al., (1952) which
was based upen tho complele indigestibility of these pigments. It is
possible however, that shenical degradations occurring during digestion
may have interfored with the analysis (Irvin ot al., 1953). Reid (1962)
also reports that erroneous results may be caused by changes in pigments
during ensiling,or by incomplete extraction of the pigments from mature
forage.

Eane and Jacobson (195) have improved the .ocﬁrecy of the ratio
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technique by the addition of oxalic acid to the acetone extracta of
feod and faeces. Ihis has the advantage of degrading the chromogen |
indicator to pheophytin, as in the digestion process, thus making the |
foed and fasces comparable., FPheophytins are most accurately measured ‘
at their light absorbtion maximun of 415 mps |

(b) Zhe Faecal Index Techuigue

Since this mothed relies on observed relations between the faecal
conoentration of an indicater and the digestibility of a forage it is
not dependent on & sample of 'mm'cqnma'. his eriterion has
been respomsible for the almost total adoption of this technique for
deternining digestibility at grass.

Nitropen: Barly studies by Lancaster (1954) in Now Zealand, feeding

cut herbage varying from 58 « 84 per cent organic matter digestidbility

to dry cows determined the rogression shown in Table I relating the

feed to faeces ratio (¥) = which is simply the reciprocal of the in- |

digestibility ratio - to the nitrogen concentration of the faeces (X)e |
Meanwhile in Briteir an alternative method was proposed by Raymond

et als, (1954) where he related the percentage of orgenic matter

digested (¥') to the percentase of nitrogen in the facces (X),also over

a similarly wide digestibility range of 55 = 80 per cent, This re=-

gression together with subsequent stuiies based on these methods are

shown in Tabdle I.
Theoretically the tcohnique is dependent on the exeretion of

nitrogen in the facces being proportional to the dry matter intake

and hence the digestibility of forage dry matter. However, it would

appear to be anoo@byinuvwd environmental conditions so
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that various research 'm have found different regressions
apylicable to their environment. Table I indicates the range of
digestibilities that would be prediocted by these suthors assuming an
arbitrary fascal nitrogen concentration of 3 per cent.




. Percentoge

Organie latter

Reference Regression Animals Digestibility Analysis
Lancaster (1954) Y = 0.97x + 1,02 Dry Cows Thob Percentage nitrogen
Kennedy & Lancaster (1957) | ¥ = Ou74x + L83 Dry Cows 7563 M in organic matter
Langlands (1967) Y = 0.401x + 2.562 Jethers Dol of dried fseces
Raymond ot als (1954) Y = 7.9u6x + 44e85 Uethers ' 68e7
Kemnedy & Lancastor (1957) | ¥ = 0.80x + 1u47 Dry Cows Tae2
Greenhalgh & Gorbest (1960)| ¥' = 11x + 3944 Stoers 724 Percentage nitrogen
Hingon & Kemp (1961) Y' = 7.25% + 4942 fethers 7240 in argante matter
Greenhalgh & Runcic (1962) | Y' = 5.83x + 56.5 Lactating Cows a0 dried fasoes
Langlands et al. (1963) Mg = Bolx ¢ 4649 Steers, cows 71.2 w

Y & 2.04 = 0u2x 4 0.186x” |  Wethers 65:5

Lasbourne & Reardon (1963b)
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The results in Table I have been divided according to the analytic-
al methods used,since it is possible that drying the facoes would tend
to lead to lower fuccal nitrogen values due to losses of volatile
nitrogen (Raymend et als, 1954). The 3 per cent faceal nitrogen in the
driod faeces mm&\uba representative of & slightly higher nitrogen
lovel with tho scscelated higher digestibility.

Unfortunately many of the relationships in Table I have rather
largo errors of prodiotien which vary from £ 2,0 to L 3,7 digostibility
units. As pointed out by Raymond et al., (1959) an oversstimate of
digostibility by 1 = 1,5 units may rosult in en overestimate of digest~
ible organic matter mtahhysfmmmt,m errors associated
with faseal output moasuremont have been includods

One particular grror in cortain of the values depiected in Table I
would appear t0 be the use of a single regression equation to cover a
wide range of r-m.mmi-m.nmmu. Raymond et al., (1954)
noted a curvilineerity in the relationship of organic mstter digest-
ibility to percentage nitrogen in the facces ai the ends of the wide
range of digestibilities he studied, 50 that linear pzwj.um over
this range were slightly inaccurate. Dvenwiﬂu.nthon-hwbm
species,Greenhalgh and Corbett (1960), Minson and Kemp (1961), Lang=-
lands et al,, (1963) and Lambourne and Reardon (1963) have all shown
that thore may be considerable differences between the relationship of
herbage digestibility to faccal nitrogen content ot difforent times of
the year, This disgontimuity in fascal index relationships is due to
an increased herbage nitrogen concentration for a given level of digest-
ibility in later growth stages ani to a slower rate of decline in the -
digestibility of sumser growth (Greenhalgh et al., 1960), The same
authors also reporied that the addition of nitrogen fertiliser resulted

Rk




in significantly different regression coeffiscients during a Spring
trial,

Errors arising through the use of dif'ferent animels have also
been examined., Hardison ot al,, (1954) and Greenhalgh ot al., (1960)
have found that intu species differences are small, although Charlet-
Lery (1969) quotes an experiment where 36 per cent of the total vari-
ation in the digestion coefficients of organic matter were due to
Mvnmlnﬂntigo This can be reduced by using & minimum of three
or preferably four animals. Langlands et al., (1963) also found
significant differences betwoen individuals of & species,bul the means
of' three values for stoors and cows were similar, This is in contrast
to Corbett (1960) who found that at a given velue for faccal nitrogen,
organic matter digestibility predicted for cows was about 2,5 units
J.cnx{ than that predicted for steers. However these results are also
comparing a total colloction teohnique, which was used with the steers,
against an indirect measurement of fascal output in the cows by the use
of chromic oxide.

The range of values in Table I provides a certain measure of ene
vironmental differences which would appear to necossitate the derivation
of a rogression for & partioular cireumstance. It is perhaps pertinent
that all the studies on wethers in Table I prediet lower digestibility
- values than those involving cows alone.

Chromogen: Faecal index predictions with plant chromogens have provided
reliable estimates of digestibility (Reid et al., 1952; Kaneo and
Jacobson, 1954). However, the studies of Kane et al,, (1953b) and
Kennedy and Lancaster (1957) have shown that Reid's equation does not

have universal application, varying with the potency of the chromogen
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unit in the particular environment it is being used.

Chlorophyll is degraded to pheophytins during digestion so that
the addition of oxalic aeid (Kane and Jacobson, 1954) has little rele
to play when only faccal samplos are being analysed. lHowever, the
studies have shown that the absorbtion poak of these pigments is close
mm-ymmummmwmaummmu
406 mu as suggested by Reld ot al., (1952).

Greenhalgh and Corbett (1960) found that the correlation betwoen
nitrogen and chromogen goncentration in tho forage was r = +0.96. It
is not surprising therefore that these authors reported similar seasonal
trends to nitrogen, demanding the use of regressions restricted to first
or later growths, Indeed, the effect appeared to be slightly greater
with chiromogens since there was no buffering offect such as with nitrogen,
where metabolic tucdutrogu excretion varied according to the
quantity of undigestod food mitrogen, Although restricting the regresse
1msmummemudtumympumlremaumnh
those of Raymond et als, (195:), the estimation of digestidility frem
fascal chromogen concontration would appear to be no more precise than
nitrogen in cach compariscn (Raymond et als, 1954; Eennedy and
Lancaster, 1957; Groenhalgh and Corbett, 1960). 3ince chromogen deter=
minations are more Mnult than nitrogen K jeldahl determinations and
Mnfuonluomx;uam often high and variable (Kane et al.,
1953b; Greenhalgh and Corbett, 1960),the use of fageal nitrogen has
generally been preferred.

has been achieved withi these substances. Anthony and Reid (1958) found
that the herbage dry matter digestibility and faccal metuoxyl content
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of steers were closely carrelated (r = ~0,7;) over a range of digest-
ibility from 50 = 75 por cent., However the recovery in the faeces was
anly 63.5 per cent and it was suggested that it could only be used as
an approximate guide where digestibilities differed markedly. Similarly
Barrow and Lambourne (1962) working with Merino wethers found that the
sulphur and phosphorus contents of faeces were correlated with digeste
ibility, although they were inferior to nitrogen as indicators. 7The
use of crude fibre has also been proposed (Raymond et al., 1954), but
again would not appear to confer any benefits over nitrogen.

2, Dotersivation of *In Vitro' Disestibility

While limited correlations have been found botween in vive herbage
digestibility and the contents of individual chemical components such
as orude protein, crude fibre or lignin,these rolationships tend to be
rather unreliable. However with the development of ocesophageal and
rumen fistula,increasing attention is being fooussed upon in vitro rumen
formentation techniques,in which feeding stuffs are digested by prepar—
ations of mioro-organisms or of ensymes which are similar in function
to those present in the digestive treet of the ruminant,

Reviews by Shelton and Reid (1960) and Reid (1962) have cbserved
a considerable divergence in the relationships between in vivo digeste
ibilities and the various in vitro measurements. Ilowever in 1960,
Tilley et al., noted that a large proportion of the protein digestion
occurred after leaving the rumen and thus was not accounted for whon
only using rumen nicro-organisms. ©hile no procise attempt was made
to simulate digestion in vivo, the imposition of a second digestion
stage involving acid-pepsin reduced the standard error o estimate
considerably fros approximtely £ 4 to % 2, Furthor work with this
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technique by Tilley and Terry (1963),invelving 130 samples of grass |
and 18 samples of clover and lucerne established the regression equation
(3) relating the in yive (Y) and jn witro dry matter digestibility (X).

Y 20,99 - 1,00 (%2.3) re 097 ---(3)

A similar correlation of 0,97 was achieved by Alexander and MeGowan (1961)
using thirteen horbage samples already analysed by Tilleye

In applying the two stage digestion technique to conserved forages
necessary for winter feeding, Alexander (1969) has described modifie
cations to the procedure used by Tilley et al., (1960) which have been
mmaummumoyormummm-morw |
put, Working u&mm-mzsm,Mrmmmn (1966)
expressed the in yvive/in vitro relationship of the organic matter digest-
ibilities by tho regression equation (4) which has a eorrelation co=
efficient of 0,96,

Y =097 + 5403---(4) |
where Y = organic metter digestibility in vive |
X = » . » in vitro

The relative standard deviation of ¥ 2,33 assoedated with this
equation is greator than that of an earlier report on dried grasses
alone (Armstrong et als, 1964a), however this trial included data from
six different centres. On 2 more limited scale, with three hays of
varying quality and three artificially dried gresses Alexander (1966)
obtained a highly significant correlation (r = 0.998 p = 0,001) fer
the in vivg/in vitro digestibility relationship.

Work with silage has been less satisfactory., Simkins and
Baumgardt (1963), Raymend and Terry (1966) and Alexander (1969) all

GE et P e s e g S S U B S . 0 4
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obtained poor correlation coefficients when working with silase dry
matters. Raymond and Terry (1966) proposed that errors were introduced
by chemical changes and loss of volatile ecomstltuents during the heat
drying of silage prior %o analysis. Accordingly, Alexander aud MoGowan
(1969) developed a homogeniser capable of preparing & fresh silage
suspension with &4 per cent dry matter,which could subsequently be
analysed without any drying being involved, In eme trial they obtained
& highly significant (P<,001) correlstion botween in ¥ive and in vitre
digestibility detorminations (r = 0,86) with 12 different ailages.
However the predictive accurasy of the regression equations were sig-
nificantly improved for all the fresh silages analysed when percentage
dry matter was included with in vitro digestibility in a bivariate
regression. -



In accordance with equation (1), the weight of fasces voided,
togother with the forage digestibility will provide an indirect measure
of the feed intake, For stall fed animals the most straight forward
method of measuring faccal ocutput is by the use of harnesses and
collection bass. However under graszing systems, or loose housing, Reid
(1962) has stated that this equipment may influence behaviour, cause
the animel considerable distress, and increase the energy expenditure.
This has led to the development of marker techniques whereby the regular
dosage of an animal with kmowmn Quantities of a completely indigestible
external tracer enables a caleculation to be made of the total quantity
of fasces from the consentration of this tracer in the faeces. The in-
horent assumption is that the marker,and the component of the digesta
boing measured move at the same spoed through the gut. HoDonald (1962)
however, stresses that one of the functions of the rumen and reticulum
is to control the passage of digesta into the omasum and abomasum ,
rosulting in fluids and minute particles moving ocut of the rumen at very
different rates from large food particles. This phenomenon not only
hmFMdtinhﬁm,hthnsmﬁhfwM
fluctuations in the faccal concentration of external tracers,which may
prevent grab samples from the rectum being truly representative of the
marker concentration in the total faeces.

Raymond and Minson (1955) in reviewing the literature have re-
ported the use of & large number of external indicaters including silica,
ferric oxide, barium sulphate, monastral blue, titanium oxide, poly=
ethylene glycol, radiocsctive tracers, anthraquinone vioclet dye and
chromium sesquicxide. [Howover,the discussion will be limited mainly to
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chromium sesquicxide (cr203) in view of its widespread use, perticularly
in grazing studies.

Fagcal Recovery: One basic prerequisite of an external tracer such as
chromium sesquioxide is that it should provide a 100 per cent recovery
in the faeces, or at least a constant recovery which can then be allowed
for in subsequent caleulations. In order to express these absolute
recovery values a number of studies have used total collections to
supplement their greb samples. The results are showm in Table 2.

el MBS i Moow
9949 5 3 cows Kane et. ale (1952)
100.7 40 3 cows Lancaster et al. (1953)
100,7 1n 6 steers  Hardison & Reid (1953)
97.5 7 4 cous Smith & Reid (1955)
85.4 3 4 steers  Brisson et al. (1957)
97.2 5 6 cows Corbett et al. (1958a)
99.6 4 4 cows Putnan et al, (1958)
97 o 91 6 cows Stevenson (1962)
9641 3 3 steers  Langlands et al. (1963)
95.4 6 11 cows Curran et al. (1967)

These results are general averages which apply to different environments
and different trial conditions,and as such are not strictly comparable.
However in certein trials very low recoveries have been reported. The
low recoveries reported by Brisson et al., (1957) were due to faecal
loss but Curran et al., (1967) has found differences between methods of
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administration. When given in capsules,only 89.8 per cent of the chromium
sesquioxide was recovered in the faeces compared to- 10049 per cent with
administration in a cubed feed. Capsules however have generally been
proforred to avoid any wastage in feeding. (Smith and Reid, 1955).

It is apparent that in many of the trials there have been small
losses of chromium sesquicxide which may have been due to (a) regurgitation
(b) absorbtion of soluble chromate (¢) retention in the bovine tract
(d) loss of faeces (o) losses in grinding faecal samples (f) and anal-
ytical losses, In particular s grinding loss of 2.66 per cent reported
by Stevenson (1962) may be fairly comnon. :

The duration of the collection period is important since Lancaster
ot al., (1953) has found a variation of 90 = 119 per cent in five day
collection periods, Stevenson (1962) noted that level of intake or
fascal cutput, had no effect on chromium sesquioxide recoveries, but
she also reported an inter-woek variation. Before com:encement of the
ulhcﬁm period Chariet-lLery (1969) recomnmended an adaption period of
10 - 12 days followed by 2 preliminary period of 10 days after the
chromium sesquioxide has beon introduced.

Diurpal Fluctuations: In contrast to the absolute recovery,which refers
to the weight of marior recovered,expressed as a percentage of the weight
of marker administered, a number of authars have expressed a range of
recoveries for sampling at different times through the day. These have
been termed 'relative recoveries' by Curran et al., (1967) and refer:

to the concentration of the marker in a given sample of fagces expressed
as a percentage of the daily mean congentration in the fasces. Although
the use of the toru 'recovery' may lead to confusion, its purpose has




been to demonstrate the range of divrnal variation which can be
responsible for sampling errors when using grab samples,

Putnam ot ale, (21958) found chromium sesquioxide relative recoveries
varying from 85 « 12i. per cent when cows were fed indoors. In the field
m:,mﬁmtaomﬂqcmwmtmmmummu
be greater, Smith and Reid (1955) reported a wariation from 65 = LUl
per cent with cows,although an even greater difference of 50 = 180 per
cent -7as obtained with steers at pasture (Hardison end Reid, 1953).

As shown by fige 1 tho fluctuations tend to be in an opposite direction
to those deternined with house feeding.

It can also bo seen in fig. 1 that the extreme intreday variability
precludes random sampling. With dairy cows however, prectical limitations
restrict the choice of sampling times. Conveniently,accurate cstimates
of faecal output in cows have been obtained by bulking grab samples of
facces taken at 6.00am and 4.00pm. (Kane et al., 1953a; Hardison and
Reid, 1953; Lancaster et al., 1953)s Using these sampling times Smith
and Redd (1955) found a oclose correlation (r = 0,983) between estimated
and measured cutputs of dry matter. Raymond and Minson (1955) however
were unable to estoblish a constant diurmal pattorn and suggested that
fresh faeces be sampled direct from the graszing sward. Further work
(Minson et al., 1960) enabled the fasces of six different bullocks to
be identified by the use of different coloured polystyrene particles.

Factors influencing the diurmal variation pattern have been studied
by several workers. The time of daily administration of chromic oxide
would appear to have an important influence (Balch et al., 1957, Putnam
et al., 1958), This is domonstrated by a comparison of figs. 1 and 2
where indoor compariscns have baen standardised according to this factor.
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It was suggested by Putmanm et al., (1958) that in the first 30 to 60
minutes after entering tho rumen,a large propertion of the chromic oxide
from capsules passed into the omasum without beoeming evenly mixed with
digesta, It is thorefore desirable that administration should be follow-
ed by a period of maximum intake which, according to tho behaviour studies
of MehoFoFs (1967) would coincide conveniently with the time of milking,

In contrast to Mahaffey ot al., (195), Brisson ot al., (1957)
found & more oven distribution when they divided 20 g. chremic oxide
into six doses daily. However more refinyd techniques have been introe
duced which are less laborious. Pigden ani Brisson (1957) developed a
sustained release pellet by coating a chromic axide capsule with plaster
‘of paris, while Corbett ot al., (1958b) achieved a similar offect by
impresnating paper with echromie axide. In & comparison of the two,
Corbott ot als, (1958b) mnoted that the plaster provided a more uniform
relsase than the paper, but the latter had the adventage of containing
1 por cent aluminium sulphate which attracted exide particles,and so was
Wmnmmumwmmwm.&r&rmw
bovine tract. Even with this paper however, Langlands ot al., (1963)
noted a significant difference betwoen estimated faecal output from
chromic oxide and sctual fageal output.




Broadbent (1967a) has developed an individual feeding device which
is capable of restricting individual animals to their own allocation of
food while exposed to the influences of group housing., Each device is
dependent upon an e¢lectronic unit which may only be activated by one
particular animl and Broadbent (1967b) reported that up to twelve
different frequencies had been used within a group. Since the technique
hlﬁnhin‘hvdmﬂ,lﬂhﬂumbjutfwthlwm_
of this dissertation, the potential of the method is unknown., However
if loose housing behaviour and feed intake are normal, as found by
Broadbent (1967a), the method offers a more accurate approach to measur-
ing forage intake than by the use of internal and external indicatars.

It is perhaps not direectly comperable with indicator methods on
two accounts however.

(1) A prineipal disadvantage is that the tecimnique is dependent

on trough feeding, so may only simulate 'easy feeding' and not

the comuonly practised, self feeding system.

(2) Alternatively the technique offers the considerable advantage
of being able to compare different forage foeding regimes within
the same loose housing environment,




Dy SONGLUBIONS

Digestidility indicator mothods are reliant upon an accurate know-
ledge of 'forage consuned'. In view of the selectivity observed in
grazing animals (Hardison ot al., 1954; Weir et al., 1959) it is
probable that & certain dogree of individual food selection will be
practised by loose housed cows, the extont depending upon managerial
circumstancess Vhere digestivility is estimated by the ratio or the
Ao vitro technigue the use of an oesophageal or rumen fistula can _
provide a much more accurate sample of forage congumed that would othere
wiso be cbtainablo (Tayler and Derias (1963)). However this procedure
has large economic a.nd labour demands.

The necessity far a inowledge of 'forage consumed® in the faccal
index tochnique may not be imsediately apperent, Howover Lambourne and
Rearden (1962) found & distribution of nitrogen and chromogen in herbage,
where the immature stem and leaf sheath gave faeces with lower values
of these two constituents than from the leal alone, although their
digestibilities were similar, Since animals will solect the leaf be=
fore the stem (Raymond, 1966) a general regression of forage digeste
ibility on faecal nih-ogun or chromogen,based upon whole cut herbage,
would predict a much higher digestibility for this material at any given
nitrogen concentration (Pig. 3). Raymond et ni., (1959) found that a
given concentration of nitrogen in the fasces may be associated with a
slightly lower digestibility of 1 - 2 units in the grazing animal than
in its stall fed counterpart, while Langlands (1967) cbtained a differe
ence of approximately 6 units, In addition to selection, these errors
oould be caused by a highor level of feed intake while grasing (w
ot al,, 1959), and a consequently reduced digestive efficiency (Blaxter,
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1967) which may alsoc be characteristic of loose housed feeding. The
application of values determined under stell feeding conditions, such
as with the use oftumunustiuwwmrmalw
methed, may therefore be gquestioned when applied to loose housing,
although selection will undoubtedly hove a smaller influence than at
pasture. |

Such applicatien errors may also be oxtended to the in vitro
procedures ,where lhewv'u'o generally preferred to cows as a source of
inoculun in view of their smaller fecd requirements and easier handling.
To maintain standardisation between batches,these animals are generally
fed at maintenance levels and on a unifiorm ration gsuch as hay. The
errors involved in laplyiu digestibility values detormined in this way
to cows feeding on silage at levels above maintenance are unknown,
partioularly since in vive/in vitro relationships are gemerally based
upon in vivo data with sheep fed ot maintenance. lNevertheless,Raymond
and Terry (1966) have stated that tho digestion efficiencics of shoep
and cattle are sinilar,

Ancther possible séuree of error invelved with e use of inlicate
ors is associated with ;ho absolute faecal recovery. Internal indicate
ors are perticularly variable ,but with chromium sesquioxide there appears
0 be & relatively eonsistent under recovery (Table 2) leading to an
uprard bias of fascel output. When used in conjunction witl an internal
indicator such as nitrogen or ohromogen though, both Lambourne and
Reardon (1963) and Lenglands ot al., (1963) ecnalnded that the bias in
faceal cutput would tont %0 componsate to seme extent any bias in the
estimate of digestibility, However,since the recovery of chromium
sesquioxide is relatively comsistent betwoen individuals in a trial
Groemhalgh (1969) sugests that individual intakes can be calculated




simply in inverse proportion to fascal chromiun sesquioxide ccncentratiom,
provided the total food intake of the group is known, Although tuis
avoids the necessity of digestibility indicators, no account is taken

of any differences in individual selection,

It is apparent that the many variables associsted with inddeator
studies have linited the usefulness of indirect estimates of food ine
take in loose housing and so restricted the experimental work on this
subject, The use of individual electronic feeders in loose housing may
provide an opportunity to extend this field of study.

.
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FBEDUE _OF HAY OR SILAGE TO DATHY Cf
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At present, low cost feeding of the dairy cow is dependent upon a
hrpmwﬁm&mﬁmﬁ“wwi&dhﬁufmdm.
With cows of high genetic potential an increased mutrient intake is not r
only associated with an inerease in milk production but also an increased
efficiency of conversion (Blaxter, 1967). It is therefore pertinent to
study the factors affecting the voluntary intake of nmutrients, particular-
1y in roughage, in order that optimum economic resources can be utilised
to achieve maximum officiency.

Zatigue: Voisin (1955) proposed that a cessation of eating may be
brought about by jew fatigue and that intake of a particular food may
be governed by the degree of mastication necessary. In a detailed study
however, Duckeorth and Shirlaw (1958a) found no relationship between the
Mddwommgamthmuﬂcitbarﬁ.ntwdry‘tw
consumed. Nevertheloss,thore was a negative correlation between the
number of bites of eating and the weight of grass wet matter consumed,
the rate of eatin: also declining towards the end of a meal., The ine
fluence of fatigue was later shown to have a very saall effect by
Campling and Baleh (1961)., Using a rumen fistula they collected all
tbhyullmd&mimﬂwﬁrnt&mhmaofumﬂmdfaﬁﬁt
thuumdﬂwmidduthgﬂ@}pl.to&S-ahw-min-
creased intake by 77 per cent., Since the cows did not sat as much dry
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-Mumummwt&mmuumzbu that some
satiation of appetite had occurred.

Sut Digtension abd lato of Pasgacg: Since ruminants have been evolved
to utilige bulky fodders the limitations of physical sisze have of'ten

been regarded as a determining factor regulating appetite. Campling
and Baleh (1961) reported that when bladders full of water were sube-
stituted for digesta the mean voluntary intake of hay fell by 0.5, lbe
for every 10 1lb, water in the bladders. Further experiments (Freer and
Campling, 1963) found thai cows would cease cating roughage in the fornm
of hay or dried grass when #he reticulo-rumen contained about 250 1b.
digesta (35 1b. dry matter). Blaxter, Weinman and Wilson (1961) also
noted that sheep ate £o & constant gut £ill with hays of varying quality.
In contrast to these experiments Campling et als., (1961) reported
that immediately aftor & moal the &ym@twmaumﬂuumuo-
rumen of cows offered ad lib. hay was 35 per cent greater than with
am.utonlqemmtm:ummmxtw. Although the
intra-raninal infusien of 150 g. uﬂt increased straw intakes by 39 per
cont (Campling et als, 1962) approximately equal emounts of digesta dry
matter were still found in the reticulo-rumens of cows offered straw
ad 1lib, with or without urea ftwentyefour hours af'ter feeding began.
These authors therefore Wciud that intalkes of hay and straw
were rogulated in relation to the respective rates of dissappearance
of the dimahuﬁmrruouh"htmmham'that there was a
oonstant amount of food residue (19 1b, dry matter) in the reticulo=-
rumen inmediately before feeding. Later work (Freer and Campling, 1963)

mggutod. that this theory did not apply to high quality roughages, such

‘umm.mwmnuwﬂﬁupmum«um
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the retioculo rumen was greator than 18 lb. dry matter. In a comparison
of hay and silage Campling,(1966b) found that the amcunt of digesta in
the reticulo rumen immpdiately after a meal ad lib. was greater with
hay than silage, although silage residues tended to vemain in the gut
longer by virtue of a slower rate of passage.

The 10 = 15 por cent individual variation in voluntary intake
(Campling, 1966a) may perhaps be partly explained by differences in
physical abilitys Baleh and Campling (1962) in o comprehensive review
presented evidence of a positive relationship between the woight of the
ompty reticulo-rumen and the voluntary intake of cows, while Campling
ot al., (1961) noted a positive reletionship in four cows between
digestive officicncy = measured by the retention time of food residues
- and the voluntary intake of hay.

Prognancy: Tho effect of pregnancy acting as a further limitation to
gut distension might be expected. Indeed Graham and Williams (1962)
cbserved that in prognant ewes the amount of digesta in the alimentary
tract decreased by 150 g. per kilogram inerease in concepta when fed

on a constant diet, Little work has been done on‘-directly comparing
the voluntary intake of pregnant and non pregmant cows. Campling
(19660) during proliminery obsorvations with menogygotic twin heifers
noted that in five of six pairs the voluntary intalkoe of hay was depressed

by pregnancy.

2. Ehysiologieal Rogulaticng

Evidence that the amount of digesta in the reticulo rumen and its
rate of disappearance wore not the sole factors governing appotite was
provided by Freer and Campling (1963). When tiwee cows were offered a
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concentrate mixture ad lib, the amounts of digesta in the reticulo-rumen
did not approach the amounts of either hay or dried grass before or
af'ter oating.

The existence of a central nervous regulatory mochanism in
runinants with some control over appetite is mowmn, Balch and Campling
(1962) have roviewed experiments concerned with the eloetrical
stimulation of the hypothalamus, cerebral cortex and medulla cblongata
which have induced feeding behaviour, Little is known however of the
governing factors.

Zhermostatic theory: Blaxtor (1967) has reviewed the theory that eating
is a response to a fall in heat production and that the cessation of
eating is a response to a rise in heat production governed by the
hypothalamis, However, he points out that poor quality roughages are
associated with a lower voluntary intake than high quality rations
dospite the increased heat production with the latter.

Chemostatio theopy: lMentgemery and Beungardt (1965) end MeCullough
(1969) have both mam that with diets high in nutritivo value,
food intake may be regulated to keep cnergy intalke constant. Intra-
venous infusicns of glucose &vo not affected voluntary intake (Holder,
1963) and it has boen postulated by Dalch and Campling (1962) that the
congentration of metabolites, such as acetic acid, may have a more
pronounced effect, OSodiun acetete, acetic and propionic acid when in-
fused intravenously into cattle depressed voluntary intake (Dowden and
Jacobson, 1960), and in cows on a ration of hay, infusion of acetic
acid into the reticuloe-prumen had the largest depressant effect of the
volatile fatty acids (Montgomery et al., 1963). ‘

Other substances, present in silage, have also beon shown to have
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an inhibitory effect on voluntary inteke, Themas ot al., (1961) found
that the intake of both silage and hay was reduced when the effluent
liquid from a silo, large quantitios of lastic acid or lactic plus other
silage acids, urcs or othor ammonium salts were placed directly in the
rumen, Hillman et al., (1958) demonstrated thet adjusting the pi of
silage to that of hay did not affect voluntary intake. Experiments
with histamine have boen inconclusive (Okamoto et als, 1964)e

Lipostatic thoory: Kenmnedy (1961) proposed that animals adjusted their
intake to maintain constant body fat stores. This was supported by
Hutton (1963), who observed that stage of lactation and degree of fatness
were both related to veluntary intake. By itself however, it does not
explain the consistently higher digestible organic mattor intakes of
cows fed on a retion of dried grass compared to concentrates. (Freer and
Campling, 1963).

Hopmones: Balch and Campling (1962) have reported & number of experi-
ments involving the adninistration of exogenous thyroxine but thoy have
not always been accompanied by an inecrease in voluntary intake. Limite
ations of these studies have been induced by the frequent use of bulky
fodders which may physically restrict intake and by the influence that
hormones may have on energy requirements per se. 16 is not known
whother the inoreased voluntary intake observed during lactation (Hutton,
1963; Campling, 1966c) is in sccord with the lipostatic theory,or of
 hormomal origin, Similarly the increased appotite observed when the
frequency of feeding is increased (Balch and Campling, 1962; Campling,
1966b) may be associated with & hormonal effect,
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3. Eorage Preparation

It has frequently been reported (Larsen, 1960; ioore et al., 1960;
Brown et al., 1963; Murdooh and Rook, 1963; Campling, 1966b; Jones, 1967)
that cows consume more dry matter in the form of hay rather than silage,
although no satisfectory explanation of the difference hes yet been
provided.

Putnam and Loosli (1959), Blaxter et al., (1961), and Campling
(1966a) have demonstrated that voluntary intake was directly related to
the dry matter digestibility of a food up to 70 per cent and inversely
related to the mean retention time of food residues in the digestive
tract, Although higher digestibilities are penerally associated with
shorter retention times, the opposite may occur (McCullough, 1969).
dhere digestibility of the diet is greater than 70 per cent the associ-
ation between voluntary intake and digestibility is often poor (Hutton,
1963; vurdoch, 1967)s In fact when McCullough (1969) working with
asteers, increased the dry matter digestibility of the ration by varying
the concentrateshay ratio he found that above 80 per cent concentrates
or 70,3 per cent dry matter digestibility, voluntary intake and apparent.
digestibility were negatively related.

To standardise digestivilities comparisons of silage .nd. hay have
been made from similar herbage cut at the same stage of maturity,but
silage dry matter intakes are still gererally lower (Campling, 1966b;
Brown et al., 1963). The water contained in silage is probably not
directly a governing factor (Moore ct al., 1960; Hillman et al., 1958),
although within limits the drier the silage the more of it will be cone
sumed (Hoore et ale, 1960; Duckworth and Shirlaw, 1958b) and prewilting
herbage is an effective method of increasing silage intake (Murdoch, 1960).
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It has not been established to what extent the perceptive faculties
are involved,but Balch and Campling (1962) have reviewed some experiments
on taste, smell and palatibility. It would appear that these senses play
a larger part in the initiation of eating rather than in the determination
of the amount eaten,and are most important when there is a choice of
foods. Nevertheless, the inhibitory effect of certain silage acids has
already been reviewed in the discussion of the chemostatic theory.

The physical form of the ration may also have an important effect
on voluntary intake. Grinding or chopping roughages results in a smaller
particle sige which may increase its rate of passage through the digest-
ive tract. Murdoch (1965) found that chopping silage into pieces about
1 « 2 inches long before feeding,led to marked increases in the quantity
of silage eaten,although chopping hay in a similar manner gave no increase
in voluntary intake. On the other hand Duckworth and Shirlaw (1958b)
observed that chopping silage significantly reduced the daily dry matter
intake. Howcver, this trial hud a crossover design with experimental
periods of only seven days. Campling and Freer (1966) reported that the
mean voluntary intake of long and ground dried grass were similar al-
though the voluntary intake of ground pelleted straw was 26 per cent
greater than of long straw. OSince the digestibility of the roughage
was reduced by grinding there would appear to be little benefit in re-
ducing particle size when high quality roughages are on offer unless a
better fermentation is achieved. (Watson and Nash, 1960).

4+ Congentrate Substitution

Since concentrates, balanced for milk production, are frequently
fed to lactating cows, it is necessary to establish their influence upon
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roughage intake. Vith restricted amounts of concentrates,total dry
matter intake generally increases although the intake of roughage often
declines (Campling, 1964), the extent depending upon the quality of the
roughage (Blaxter et als, 1961), The more digestible the roughage the
greater the depression of roughage intake.

This was explained by Campling, Freer and Balch (1962),who suggested
that the addition of a protein rich concsntrate to low quality roughages
increased the cellulolytic activity of the rumen microflora and
accelerated the rate of disappearance of the digesta,subsequently
increasing intake. In contrast, the addition of carbohydrate supplements
to high quality roughage may slow down eelliulolytic activity and reduce
roughage intake (Campling, 1966a). Campling and lurdoch (1966) suggested
that the addition of up to 12 1b, concentrates per day to a forage diet
had only a small effect on the intake of forage but that larger amounts
of concentrates, up to 20 1lb.,reduced the intake of dry matter by 0.2
to Ou4 1b/1b, of concentrate given, the reduction being more marked with
high quality roughages.

At high levels of concentrates,loCullough (1969) found that the
inclusion of hay in the diet increased the dry malter intake of steers
botween the weights of 318 « 363 kg. With younger animals,the inclusion
of hay depressed the daily dry matter intake. Putnam and Loosli (1959)
observed that dry matter intakes increased as the proportion of concen=
trates was raised from 20 to 60 per cent of the ration.




Watson and Nash (1960) in reviewing the limited comparisons made
in Britain at this time, -eonoludpd that hay and silage produced milk
yields compatible with their nutrient content and digestibility when
combined with concentrates as a feed for dairy cows. OSince the limite
ations of forage mutrient value demand that roughage is supplemented
with concentrates when feeding high yielding dairy cows according to
production, very few comparisons have been made with hay or silarse as
the sole nutrient source. In such a comparison however, Brown et al.,
(1963) found that cows ou an a1l silage diet consumed 25.8 1lb. dry
matter per day and produced 27.6 lb, 4 per cent fat corrected milk,as
opyosed to consuming 37.7 1b, dry matter per day and producing 29.4 1b.
4 per cent fat corrected milk on an all hay ration. Thus when compared
on the basis of 4 per cent fat corrected milk produced per lb. of dry
matier consumed, the efficiency of dry matter utilisation was consider-
ably higher for the all silage group. This is in agreement with the
work of Murdogh and Rook (1963) at the National Institute for Research
in Dairying.

Where limited concentrates have been fed, results from trials in
America (Huffman, 1958), the Netherlands (Larsen, 1960) and Britain
(Murdoch, 1962), have shown that where silage is cut from a grass crop
at an earlier sta e of physiclogical development than hay, and fed at
the same dry matter intake, a higher milk yield is obilained from a
ration based on silage than with one based on hay. The assogiation
of forsge digestibility, stage of maturity and milk yield is thus well
known. (¥Watson and Nash, 1960).

¥hen, however, silage is compared with equal quantities of hay
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dry matter from sin:l.l_&r herbage cut at the same stage of maturity,
little or no difference in milk yinid has been obtained in some trials
(Murdoch, 1962; Murdoch and Rook, 1963) while in others silage uas given
a higher milk yield (Murdoch, 1959a; Brown et al., 1963). Since Murdoch
has only used three or four week experimental periods as opposed to
thirteen weeks by Browm et al., there may have been insufficient time

to establish any trend.

The increased use of ad lib. roughage feeding in the United Kingdom
merits consideration of its effect on milk production. It has already
been mentioned that in general, more dry matter is eaten in the form of
hay than silage under these conditions, and in faot, the higher dry
matler intakes have ofien been associated with increoased milk yields
(Moore et als, 19603 Wurdoch and Rook, 1963),although this is rot
invariably so (Brown ot al, 1963; Jones, 1967)s Influences due to
environment and heredity may partly bring about such discrepancies, but
the trend, although not always significant, has been towards an increased
milk production with the higher dry matter intake. Jones (1967) peints
out that high intakes of roughage dry matter must be acoompanied by
savings in congentrates to avoid a 'luxury consumption' whereby the
additional nutrients are utilised for increasing body weight ruther than
milk yield.

Furthermore, the higher dry matter intakes achioved by feeding hay
would not appear to eonfler any benefits on the persistency of lactation.
Both Moore et al., (1960) and Larson (1960) noted no significant differ-
ences between the declime of milk yield on either hay or silage ratioms,
although Brown et al., (1963) found that over a 90 day trial cows on
silage were more persistent in milk production (91.6f) than cows
receiving hay (86.7%) (P 0,05).
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The role of concentrates in milk production is important and may
confuse the interpretation of different trials, It has been noted that
Npplonontttibn with concentrates generally increases the total dry
matter intake although it reduces the dry matter intake of either hay
or silage (Campling, 1964). Murdoch and Rock (1963) compared three
levels of concentrate feeding of 0, 2 and 4 1b. per gallon with either
ad 1ib. silage or barn dried hay. #ith both roughages,milk production
increased with the concentrate level, although the superiority of the
hay was reduced at the upper concentrate level. 3imilarly Brown et al.,
(1963) obtained a greater milk production response from feeding 2.5 1b.
grain per gallon of milk produced, to cows consuming silage than to
cows consuming hay. This increased response may tend to counteract any
advantage that hay obtains by virtue of a higher dry matter intake, and
would be in accordance with the review of American literature by Huffman
(1958) who reported that differences between hay and silage were of'ten
ruled out where grain was also feds FMurther evidence to this theory was
provided by Campling end Murdoch (1966),whe found that concentrates
depressed the dry matter intake of hay more than that of silage at
similar concentrate lovels.

The inevitable exception was provided by Nordfeldt (1966) in Sweden
who found that as the proportion of concentrates in the ration increased

’

from 30 = 60 per cent, milk production increased from 15.7 to 17.4 kge
fat corrected milk /cow /day with cows receiving hay, but only from
15.1 to 1545 kge fat corrected milk /cow /day with cows on silage.




Watson and Nesh (1960) in an extensive review,concluded that in
general no conservation product specificelly affected the fat content
of milk,although in certain cases the solids-notefat content of milk
dropped below the logal minimum of 8,5 per cent, particularly with
high silage rations.

In experimenis where hay and silage were fed on an egqual dry matter
basis, Murdoch (1959a), Murdoch (1962), Murdock and Hook (1963) and
Nordfeldt (1966) have all reported a slight decrease in the percentage
solids=not=fat (Sellsls) with silago, but in no case was this drop of
experimental significance. In comparing two levels of dry matter
intakes of 16,0 and 8,0 1b/day with both hay and silage, and a mean
concentrate intake of Li.0 1b/day, Murdoch (1962) found a slight decrease
in the percentage S.N.F. and a slight incroase in the percentage fat at
the lower level with beth hay and silage so that total solids did not
differ markedly.

Where hay was cut from herbage at a lator stage of maturity than
silage and offered ad 1ib., Murdooh (1962) observed an increase in both
percentage fat and percentage 5.N.f., such that cows on hay produced
milk of 12,96 per cent total solids compared to 12,68 per cent total
solids from cows on silage, In & similar trial lersen (1960) found
significant differences.

Hurdoeh and Rock (1963) oonducted a series of trials using hay and
silage from similar herbage cut at the same stage of maturity. “here
ad 1ib. roughage wos provided as the sole feed, the consumption of 32 1b,
dry matter in the form of born dried hay produced milk with 8,70 per
cent SeN.F., while cows on silage only consumed 20 1lb, dry matter and
produced milk of 8,50 per cent S.0.F. This difference in the solids-
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-not-fat content was significant (P<0.01) although the percentage fat
was similar under both regimes. Furthermore, when a concentrate treate-
ment of 4 1lb. per gallon of milk produced was superimposed upon this
trial,the percentage S.l.Fe increased significantly (P<0.05) with hay
and silage although the percentage fat was again unaltereds In this
trial the total solids for concentrate levels of O, 2 and 4 1b/gallon
were 11.09, 11.81 and 11.88 per cent for siluge and 12,16, 12,15 and
12,64 per cent for bdarn dried hay. In similar trials involving ad 1ib.
roughage feeding, Jones (1967) found no difference in the percentage
total solids from silage or hay based rations.




D. CONCLUSIONS

The control of voluntary intake would appoar to be largely
dependent on the type or quality of food being assiuilated. Campling,
Freer, and Balch (1962) showed that with low quality roughase, intake
was regulated in relation to the rate of disappearance of digesta from
the reticulo=rumen and that elther the addition of concentrates or
chopping the roughage could markedly improve the dry matter intake.
(Campling and Freer, 1966)., Higher dry matter intakes are usually
accompanied by an increased, although limited, milk production (Murdoch
and Rook, 1963).

Where comparatively high quality roughages are being fed, intake
is apparently limited by the capacity of the reticulerumen at a meal and
the subsequent rate of disappearance of digesta from this organ. (Freer
ard Cempling, 1963). OSilage has a slower rate of passage through the
digestive tract than hay (Campling, 1966b), and is usually associated
with lower dry matter intakes. Nevertheless,Brom et al., (1963) found
that even under these circumstances silage could support a similar milk
production to hay made from the same field at a similar stage of
maturity, albeit with the loss of a certain amount of body weight.

The introduction of concentrates in complement with high quality
roughage tends to reduce the difference in dry matter intake between
hay and silage (Camplin® and Murdoch, 1966),but will increase the total
dry matter intake as the proportion of concentrates in the ration rises
to at least 60 per cent, (Putnam and Loosli, 1959)s In terms of
nutrient intake per lb. of fat corrected milk produced, there will be
a decline of efficiency at the higher congcentrate levels.
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In the comparison of the effect of hay and silage on milk quality,
there would appear to be few oconsistent trends. In general,the percent-
age fat was unaffected by the type of roughage,but did show a decline as
the proportion of grein in %he ration inoreased. (Putnam and Loosli, 1959).
The percentage S./.F. on the other hand,was lowered where dry matter
intakes of silage were much less than hay (Murdoch and Rook, 1963), but
increased significantly with concentrate supplomentation. '

In economic terms,Jones (1967) caloulated that the cost per acre
of producing barn dried hay was greater than clamp or tower silage,
dthoush_tho cost per lbe of dry matter available for feeding was similar.
Unless the higher dry matter intakes achieved with hay are utilised to
reduce concentrate costs, cows may be allowed a luxury consumption which
will result in a lower margin over feed costs.




SECTION

I




With the change of management practices towards an increased

population density and a reduced labour requirement per cow, the whole
concept of social interactions assumes a new intensity. Deviations from
optimum conditions result in physiological and behavioural stress
adaptations which may perhaps be at the expense of the cow's production
output. Under loose-housing regimes in particular, behavioural studies
over twenty-four hour periods can be of considerable value in guiding
the husbandryman towards an optimal productive efficiency. This section
is therefore devoted both to a review of physical and social behavioural
patterns under loose housing.

Ao LUSICAL DRBAVIQUS PATIZRNS

1. Zegding Behaviour

Parmers are bocoming inoreasingly aware of the important economic
contribution that can be made by high quality roughages in the ration.
It is therefore coumon practice to find loose housing systems adapted
to provide continuous access to such feed, with concentrates being fed
during milking o supply the additional requirements, Although self-
feeding silage lends itself to ease of labour, it is uncommen to find
farms providing this es the only roughage (Small, 1966), and hay is a
frequent SUpplement, Loose housing behaviour studies have therefore
largely been confined to situations of this type,although MeA.F.F,
(1967) has reported twenty~four hour studies on six farms, during March,
which were at the time using silage as the only roughage.
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Iime spent eating: The results of the several studies reported in
Appendix 1 reveal that on average, feeding occupies 10 « 30 per cent of

the total time under loose housing. A similur range of time may be spent

loitering around the feed area and collecting yards. Schmisseur et al,,
(1966) found that aprroximately one third of this time at the feed bunks
was spent ruminating, during which they only took an occasional mouthful
of feeds The aifficulties of distinguishing between feeding and
ruminating involve a certain degree of subjective interpretation which
may obviously lead to varistion between recorderse However, such a
large difference as 10 = 30 per cent encompasses not only differences
due to breed, type, age, climate, layout and managerial factors, but
also an individual day to day variation. Thus,although the time spent
feeding is basically governed by physiological needs,the results of
single 24 hour studies such as reported by M.A.F.F. (1967) and Small
(1966), are open to question.

Nevertheless,from the limited studies available, the ranges suown

in Table 3 might permit some tentative conclusions.

Hay Only 21 - 23% (2)
Silage + Hay 16 = 26% (10)
(figs. in brackets indicate the number of reforences)

Fuller (1928), comparing the eating habits of cows in loose boxes
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with _&ninla in byre stanchions, when free access to hay was allowed,
reported that the latter apent only 12.8 per cent of their time feeding
as opposed to 24.8 per cent in the loose boxes. Under loose housing
however, although Schmisseur et al., (1966) found that cows definitely
preferred to use straw bedded areas as opposed to cubicles, the figures
in Table 3 would sugrest that neither regime by itself has a significant
effect on feeding time. On the other hand, the type of roughage would
appear to exert some influence, in that the feeding of hay apparently
extends the overall eating time.

Bate of eating: Harshbarger (1949) observed that silage was eaten at
1,75 = 2.75 minutes per 1lb. and hay at 7 = 16 minutes per 1b. Furthermore,
the rate of eating was highest for Holsteins and lowest for Jerseys, with
other breeds intormediate. By contrast,”orter (1953) obtained figures

of 3.2 minutes per lb. and 3.0 minutes per 1lb. for silage and hay
respectively., Walker-Love (1954) found rates approximately comparable
with Harshbarger. Iay alone was eaten at li.9 minutes per 1lb., but when
both hay and silace were offered the respective rates of consumption

were 9.7 minutes per lb, and 3.9 minutes per lb. With the free choice
.of hay or silage, although three times more dry matter was caten as
silage, the rate of eating per lb. dry matter was essentially similar
for both., More rocent work by Walker-Love and Laird (1964) found that
when cows were eating 66 1b. self-feed silage and 8 lb. barm dried hay,
the time for eating ome 1lb. dry matter of hay was higher than for a
similar weight of silage. The variations in the rate of ingestion may

be partly due to differences in both the qantity and quality of forage

consumed.
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Feeding Cycles: OSchmisseur et ale, (1956) reported that under loose
housing, group action was the single most important factor in the cow's
social behaviour, This phenomenon of allelomimetic behaviour, reported
in detail by Hafes (1962), results in pesk periods of any ome particular
activity, and so limits the usefulness of everage figures.

Webb et ale, (1963) and Jackson et al., (1962) found that loose-

. housed cows fed on average eighteen tines eaclk 24 hours in a self feed
silage system. Gelling et al., (1958) noted a maximum of seventeen
times, where silage was continuously available for only 21 hours each
day,end hay wes fed in the byre during milking. Webb et al., (1963)
further reported that the cows visited the feeding area more frequently
during the night,but spent less time at each feed (5 = 15 minutes as
opposed to at least 20 minutes). Seventy-four per cent of the total
time spent at the feeders was between 6,00am, and 6.00pm.

The major peaks of feeding activity occur after each milking.
Where numbers are restricted, such as at a self-feed silage face, there
will be a continuing exschange of cows for about the first three hours
after the morning milking (M.A.F.F., 1967), gradually declining towards
the afternoon, This trend is repeated subsequent to the next milking,
although the intensity of light may play an important part in deter-
mining the duretion of this period. Webd et al., (1963) observed that
'utins activity usually teraminated about thirty ninutes after darkness,
#hen darkness occurred at 6,00pm. cows would leave snd return around
midnight to feed again; but if darkness was at 8.00pm. cows would
remain until 8,30pm. and not come back to feed later that night. The
peak of eating around midnight was also found by M.A.F.F. (1967) and
Small (1966), followed by a period of very little activity lasting
until about 30 minutes before the morning milking.
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Where hay is fed at times other than milking, the normal feeding
patterns will be disrupted. It can however be used to reduce the
crowding at the silace faoce during peak periods.

2. Deiniing Sehaviour

Wator intake may be influenced by many factors ineluding breed,
age, dry matter intake, ambient temperature, protein and salt content
of ration, pregpancy and lactation (Hafes, 1962).

On plotting the number of animals drinking in each hour, Small
(1966) found that there werc peaks of water intake after sach milking.
In this case none of tho cows drank any water after 2.00am., a finding
fairly similar to that reported by Hafez, (1962). M.AF.F. (1967)
obsorved that on average O per cent of time was spent drinking but
distinet peak pericds were not so obvious, There were very fow
occasions when more tian one cow wished to drink at the same time,
suggesting that large drinking troughs are unneccessary. The same
authors recomsended one drinking bowl per 30 cows.

3+ Beating Sehaviour

Appendix 1 shows that, in general, cows spent 30 = 50 per cent of
their time lying dowmn. These figures are subjeet to seasonal, breed
and individual varistions, Sixty-five - eighty per cent of the total
runination time occurs while cows are lying down (Hafez, 1962), but
the desirability or otherwise of a long resting pericd is unknown.
lhhh(i”S) concluded that stornal recumbency was an attitudinal pre=
requisite for the proper functioning of the reticulo-rumen, and that
this p8%kure prevented the loss of consciousness sescoisted with sleeps




4=

Schmisseur ot al., (1966) and M.AJF.F. (1967) obscrved that cows
will rest for extonded periods of time, generally betwecen 1 to 4 hours.
Beyond this time they will exhibit an ineclination to move rather than
continue lying down. 4As with feeding patterns,cows tend to exhibit
strong allelomimetie resting behaviour. Immediately after milking, on
those farms where the number feeding at any one time is restricted, cows
show the inclination either to feed or to rest. Consequently there is
a continuing exchange of cows between those two activities. Iowever,
although cows only rest for approximately 40 per cent of the time there
is not sufficient exchange to prevent a build up of cows in the bedded
area subsequent to the midnight feeding peak. Both M.A.F.F, (1967)
and Walker-Love and Laird (1964) found this peak to be approximately
92 per cent of the total herd so that the saving in either bedding space
or cubicles is minimal if natural behaviour patierns are to be followed.

¥ith regard to choice, Schmisseur et al., (1966) noted that cows
pr;afarred. loose-housing on straw as opposed to cubicles, Within the
cubicles certais animals showed significant preferences to occupy
certain areas or cven particular cubicles. ValkereLove and Laird (1964)
found that cows preferred the area nearest the door. In both cases
however, there was minimal conflict for these particular regions.

ke Loltering Behaviour
Little is known about the significance of this particular activity
and its value to milk production, It is however closely associated
with defaecation patterns. Although defaecation may occur while the

cow is walking or lying down it more commonly happens while standing.
Hafes, (1962) notes that cows deposit their excreta haphasardly with
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respect of location and make little or mo effort to aveid walking through
or lying in soiled arecas. It is recognised, however, that certain
animals may lie down in yards near hay hecks where spillage has cccurred.
For the economical use of bedding and the meintenance of a clean herd
it is highly desireble to reduce loitering in the bedded area. While
layout and work routines can have obvious effects on the degree of
trampling, the intreduction of cubiclu‘ has been a major improvement
towards cleaner cows. (Crowl and Albright, 1965). #ith straw yards
however, advantage can be taken of bechaviour patterns to minimise soil-
ing. Lewis and Johnson (1954) observed that loitering in the bedded
area increased markedly Just before milking and remained at a relatively
high level from 9.00pm. to 7.0Cam,, declining thereafter. Bedding the
herd in the evening therefore saved considerably in litter usage since
the area remained relatively untrampled through o the next morning and
did not require further bedding then,

It is recognised that cows in the incidence of storms (Lewis and
Johnson, 1954) or of ocestrus (Clough et al., 1968) will increase their
loitering time in the bedded area.

5¢ iadividual Bohaviour

Several experiments have attempted to explain the individual
variation as a function of age a yield. The results in Table 4 were
presented by M.A..Fe (1967), but it should be emphasised that they
apply enly to individual animals at one particular time and on one
particular farm.




HehoFoFo (1967) Agricultural Land Service. Tech. Repe. 13.

Herd iverage (Oldest Cow Youngest Cow [Highost Yiglder Lowest Yielder
Lying 43.12 49.75 34491 47.63 41.81
Peeding (Silage) 15.24 13.23 15434 20,10 16.93
H-O&.ﬂ.N-E = bgdded area HWOHN H.WO? NmoOu H.U..NF Hﬂog
Loitering = feed ~ exercise area 1476 19.57 11,12 14.30 16,93
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The oldest cow lay down for the longest time and fed the least,
which is in agreement with the work of Walker-Love and Laird (1964).
The youngest cow although spending a similar amount of time in the
bedded area, lay down for a much shorter peried. This may well have
been influenced by social behaviour patterns ptmcuhrly in view of the
long parlour and yard time indicative of low social renk. (Guhl and
Atkeson, 1959).

The pattern according to yield is less well established. Webb
et al,, (1963) found no relation between the number of wvisits to the
feeders and yj..ld, although the lowest yielder did eat for the least
amount of time.

Contrary to the pattern of Table 4, Gelling ot.ul., (1958) found
no correlation between length of time eating at the silo and age,
lagtation, stage of lactation, milk yield or teeth,
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Although this is conveniently discussed as a separate entity it is
apparent that it is very closely linked with physical behaviour patterns.
Under loose housing conditions the role of social interactions assumes
much greater importance.

1. Scoial Dominance

Woodbury (1541) was the first to report the presence of dominance
orders anong cows, A more detailed study was carried out by Schein and
Fohrman (1955),in which the various agonistic interactions to determine
the dominance-subordination relationship of two animals were fully des=
eribed and discussed. From the work of Beilhars and lMylrea (1963a), it
would appear that these relationships are established on the initial
meeting and will remain for as long as they are in the same herd. Once
the relationship is firmly established a stable social order is set up
whereby a subordinate animal will usually retreat from the dominant in
the presence of any threats This has the advantage of reducing social
strife which as Schein ot als, (1955) sbond, may result in as much as
a 5 per cent average decline in milk yield.

The decline in production comusonly associated with the ocestrus
poricd may be partly caused by such social strife. From the onset of
oestrus the cow becomes hyper-reactive aml will temporarily ignore
relative social hierarchy positions to approach both doninant and sube
ordinate herdmates. Sehein and Fohrman (1955) report that oven after
being repeatedly threatened or chased by a more dominant animal, such
a cow will of'ten comtinue her efforts to mount the aggressor.




54

This early work of Schein and Fohrman (1955), in Beltsville,
appeared to have established that dominance orders were of the straight
line type where one animal won all its contests and another lost them
all, with a gradation between the two. However in this report all the
fights between individual animals were not recorded,so that if cow A
dominated B, and B dominated C, then A was assumed to dominate C if this
was not contested. In fact, the presence of 'bunting cireles', whereby
C may dominate A, has beon reported by Beilhars and Mylrea (196%a)
revealing the danger of the former assumption, levertheless,licPhee
et al,, (1964) working with stoers also noted a linear social orders

Guhl and Atkeson (1959) based their dominance order on the number
of cows one animal was superior over, rather than the relationsiip
between indivisual animals. Beilhars and Mylrea (1963a) preferred to
express social position by a dominance value. This was the number of
animals one cow doninated as a fraction of all its encounters, transe-
formed into angles.

‘he presence of a dominance order among cows has important
implicaticns to management, The accessibility of feed influences the
degree of competition, ths space available affects the extent of
mobility during interactions, while density and herd sise determine how
frequently any two cows may meet. The intersction between space and
socinl organisetiocn is perhaps most apparent at the feed trough or silo
faces If such space is .1n short supply, subordinate animals are con=
tinually forced away and are therefore unable to obtain adequate intake
(Sehein and Fohrman, 1955). Small (1966) noted that such animals often
fed in the early hours of the morning when there was minimal competition,

HoAJFoFe (1967) found that over eight farms the average width of
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silo face required by Friecsians at maximum usago varied from

2245 = 3045 inches per cow, averaging 26,7 inches por cow. Using this
as a minimun,and the comuonly allotted 9 inches of silo face per cow
(Hodges and 0'Connor, 1960) & maximum of one third of the herd may
Poed together at the facee MeAlFofe (1967) did mot cbserve any stress
at this restriction,

Pactors Contributing to Dominance: Woodbury (1941) first reported that

‘hook order' was largely determined by the sisze, shape and effectiveness
of horns, whereas in dehorned cows 'bunt order' was largely determined
by an animal's strength and tenacity in pushing. Schein end Pohrman
(1955) obtained significant correlations of r = 0493 (P<0,01),

r = 0,87 (P<0,01) and r = 0,25 (P<0,05) for rank x age, weight and milk
production respectively, It was not possible to determine whether age
and weight wore causally or coincidentally related to rank, Guhl and
Atkeson (1959) also found highly significant correlations between rank,
body weight and seniority (number of months in the herd),but again could
not separate individual effects. They observed that Ayrshires and
Holsteins dominated more eows than Jerseys,but that there were no
predominant trends botween Holsteins and Ayrshires in this particular
herd.

MoPhee et al., (1964) working with steers also found breed
differences in aggressiveness and social dominance. Although high
sooial ranking animels had priority at the food trough,there was no
relationship between sccial rank and growth, suggesting that husbandry
; conditions were adequate. In this study wither height was significantly
(P<0,01) related to sccial renk after the offects of other variables
had been removed. lNo significant correlation was obtained between
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social rank and weight or girth circumlerence.

Beilhars and lMylrea (1963a) found that chest girth gave a better
indication of the dominance value with dairy heif'ers than wither height.
They postulated that this may have beoen a reflection of change in weight
as & rosult of social position, rather than a cause of social positions

Other workers (MeBride, 1958; Tulloh, 1961b) have discussed the
influence of temperament or asgressiveness upon social rank., Tulloh
(1961b) found that docile caltle grew better than those which were
nervous and aggrossive. DBeilharsz and Mylrea (1963a) ncted that many
dogile heifers had a higher dominance vnlue than those of more aggressive
temperament. It is apparent that the difficulties of defining the
conoept of temperament have led to many problems in this field of study.

Within dairy herds it would appear that the effects of age,
senfority and physiesl sise are closely inter-related in establishing
the social hisrarchy, and that consideration of these facts in srouping
cows oould aid soeial facilitation.

2. Leadorsiip

This is a phonoulhg which appears to be gquite distinet from the
dominance=-subordination relatiomships previcusly discussed. Kilgour and
Seott (1959) found a very low orrelation between herd rankings, based
on the average lsalership seore, and tho dominance rankings. No one
particular individual eould be cstablished us & leadeyr under all herd
movements. There appoarcl to be a tremi for top leader cows to come
from the middle dominance group, while middle leadership cows were from
the top third dominant cows, and rear cows were of low dominance statuse
Further work by Beilharz end Mylrea (1963b) cbtained similar results.
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An explanation on the basis of territerial yard behaviour was
offered by Beilhars and lylrea (1963a)s They found that heifers with
high dominance values reacted to men more than did heifers with lower
dominance values, who scemed to be more concerned with aveiding superior
heifers. Dominant heifers therefore remained in the centre of the yard.
It was also observed that individual animals tended to remain in
particular parts of the yard so that the highly significant (P<0,001)
weighing order obtained by Tulloh (1961a) would not be surprising if this
explanation were a valid one.

Contrary to the above workers Guhl and Atkeson (1959) obtained a
significant and positive rank correlation of 0,52 betwoen rank in the
tunt order,and ran: in the order of entry to the milking barn., This
was obtained over five different herds, and may indicate that social
status has a more positive influence in the response of cows to routine
procedures.




C. GONCLUSION

In recent years a great deal of attention has been focussed on
animal behaviour studies with the realisation that the selection of the
optimun environmont will allow an animal to express its full genetic
potential, In nutritional trials with group housed animals the reported
feed intakes of'ten diffor widely, and it is apparent from Appendix 1
that 24 hour obsorvation periods may well provide roasons ra'th..
underlying effectss The use of statistics such as the percentoge time
spent daily in a perticular activity may be criticised by virtue of the
diy to day individual varlation,and the fact that an 'idoal' behaviour
pattern has not boon established. lHowever,the importance of determining
allelomimetic behaviour patterns and peak periods has been clearly shown
(HeAoFoFay 1967)s

Within a loose housing environment the influence of social
facilitation on productive ability may dbe reflected in poor managoment
or experimental error. Furthermore,the introduction of new techniques
may induce strecs behaviour, This stress may take the form of a
'displacement sctivity' whereby there is an increoase in secial conflict
(Hafes, 1962), and as shown by Schein, Hyde and Fohrman (1955) may bring
about a 5 per cent average decline im milk yield, It is important
thorefore that nutritional trials under these conditions are
accompanied by systematic observations on behaviour which may provide
sone indication of environmental influences,




EXPERIMENTAL PROCEDURE AND RESULTS

SECTION I




Nutritional trials in loose housing are generally dependent on
different treatmonts being compared in separate pens, thus introducing
a possible variation due to social dominance relationships (McBride, 1959).
In poultry (Mebride, 1958) and in dairy cows (Schein and Fohrman, 1955),
dominance orders have been shown to be related to productivity,so that
an individual cow may vary in production according to the presence or
absence of certain dominant animals within a pen. The use of equipment
to provide a direct measurement of individual intakes within a group of
animals, provides a mcans of comparing different nutritiocnal treatments
within the same pen. Satisfactory results have been obtained with
bullocks (Broadbent, 1967a) in the use of eleotronic fecders,and a
design has been suzgested for dairy cows (Broadbent, 1967b).

This experiment was conducted to make a critical assessment of
electronic feedors used by dairy cows., Different roughage feeding
regines were compared in a loose housing environment and observatioms
were made of cow behaviour patterns.

A+ BXPERUGNTAL

Animals: Four Ayrshire and four British Friesian cows were cach
randonly assigned to an electronic feeder approximately two weeks before
calving. They wore introduced in two groups; four on the 29th November,
1968 and the remaining four on the 10th December, 1968, ell remaining
on trial until the 23rd April, 1969. Approximately twenty-four hours
before calving the cows were removed from the unit to a loose box and
returned usually three days later,
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All the cows came directly off pasture and were in reascnable
condition and healti, Their previous records are showmn in Table 5.
During the 1967-68 winter, all the cows had been kept in a self-feed
silage/oubicle locse housing systes where a limited guantity of barn
dried hay was also on offer.

Rations: Barn dried bay and wilted silage were offered gd 1ib. in a
precalving period varying from 8 to 21 days. This was supplemented with
4 to 6 1b, concentyatos per cow per day., In the following two week
post calving periol cows were gradually restricted to either hay or
silage, with concentrates being fod at 4 1b, per gallon of milk
produced above 1.5 gallons. The allooation of treatmonts is shown in
Table 5. Mmmumumtbirm:‘nm,m
was done over a two weck period.

The nutritional trial and feed composition are given in Section II
of this experimental work,

Houging: The cows were housed in a low cost wooden cladded cubicle
house with a centrel concrete slatted passage. This house contained
22 cubicles with concrete bed dimensions of 3 feet 7.5 inches by
6 feet 8 inches and two different types of cubicle division as shown
in Fige be
Cows were allowed free access from the cublcle house $o a concrete
yard of 297 square feet but were restriocted to feeding from a particular
position in the tombatone barrier by the individual feeders. The yard
and feeders were totally ecovered by an asbestos lean=to which sloped
from a height of 12 feet at the back,to 6 foet & inches above the
Teeding passage. ’
vcﬁrmprdvidedfma'm bowl,and the yard and cubicles




PREVIOUS LACTATION RECORDS (1967/68) PHYSICAL SIz8
Expt.
Expte | 1oot-| Total | 305 | Milk | Length | Length | Weight | Shoulder | Girth Troat-
Nos |ation|Tie2d | Day |Fat | of | of | (ib.)| Helgat [(ins.) G ...
sl (1b,) | Yield | (%) |Lact= | Dry (ins.) /11
(1b.) ation | ‘eriod
IF | 3rd | 20,393 | 95990 | 403 | 334 92 1212 5340 76.5. | . - . H/E
6F | 4th | B8,588| = |3.64| 243 106 1227 52,75 | 8045 - s/s
2F | 1st | 211,550 | 9,450 [3e40 | 402 | 45 | 1075 | 49.5 75425 - S/H
S5F | 7th | 9,009| = 347 277 97 1,37 5340 85,0 | lastitis 1966/7| W/S
Bad quarter | _
30 | 2nd | 9,376| =~ (406 303 69 1037 435 375 O, p H/R
10A | 2nd | 9,677 8,986 | 4.22 | 353 37 970 4945 730 - §/s
7A | 2na | 8,02,] - 13.981 270 | 57 917 | 48.75 | 70.5 | Mastitis 1967 | /6
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were illuminated at night.

Blectronic Feeders: The wooden tombstone barrier and feed box as
developed by Broadbent (1967b) were used in the first instance,and ave
shown in Mge 5. The electronic equipment was manufactured by Renfrew
Electronics Linmited, ;

Each cow was restricted to feeding from a particular position in
the tombstone barrier by e fibre glass door (Plate A) which contained
an osgillator unit and electro-lock. The oceillator unit was attached
t0 a removable pancl on the back of the door and is shown in Plate B.
Each oscillator was tuned to a particular frequency so that access to-
a foed box could only bo achicved by the cow carrying a coil tuned to
that frequency. This tumed but inert coil known as the 'neck key' was
carried on a nylon neck chain collar, It was surrounded by foam rubber
ani encased in a pear-shaped fibre glass cover apo roximately 3 inches
in diameter by 2 inches thick weighing 7 ounces.

Bach oscillator unit was supplied by & 12 volt D.Ce power circuit
which was in continuous operation, When the cow carrying the appropriate
*nock key' apyroached the door, a current was induced in a secondary
cirouit of the oscillator. This was amplified by a relay coil and passed
to the solenoid. The armature of the solenoid acted as a bolt and was
withdrawn from the receiver or lateh by this induced current. The door
could then be pushed open. A circuit diagram of the unit is shown in
Fige 64

Bale counters attached to each door wore used as a means of detor-
nining the frequency of usago.

Managgment Practicgg: The cows were milked twice daily in an §/16
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PLATE A: View of electronic feeders from yard
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PLATE B: Individusl oscillator unit for electronic feeder
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herringbone parlour at 5.45am. and 3.45pn., receiving concentrates at
this times The yard and slats were scraped and silase was cut froa an
indoor clamp silo at 8.00am, each norning,

mpmimswummpmmdsuymmofaﬂuom
hay were weighed out at 10.30ams This allowance was fed in four feeds
at 11.,00am,, 4.00pm,, 9,00pn, and 6,00am., door counters also being
road at this time,

Zraining: The oows wore trained in two sets of four, the second set
being introduced 11 days after the first, The initial training for
the first four cows invelved 2 hours froe access to either hay or
silage at any part of the tombstone barrier,since they were unused to
this type of foeder. With the second bateh however, this was successe
mnyudnudtolwwthoﬁratﬁrunustﬂcmtotho
cubicle house.

After this initial introduction,the feeder doors were closed and
each cow was coaxed to a feed box with the aid of concentrates. When
an animel entored its allosated position, the door was quistly opened
to assist entry. The length of each meck chain was edjusted to achieve
maximun efficiency of operation of the electro-lock, Soon after the
cow had entered hor feeding position, she was gently pushed back, the
door allowed to close, and the operation repeated until each eow could
successfully use her own foeder, If a cow entered a wrong feeding
position during the training period and tried to force open the door,
she was made to retreat,

Becordg: Feedoer usage, breakdowns and adaptations to the equipment were
recorded over a total period of 146 days. Three 24 hour observation
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studies were made on the 27th Fobruary, 20th larch and the 3rd April,
1969, These consisted of & continuous watch on the feeders and on social
behaviour, together with 15 minute recordings of cow positions within
the house, Cows were identifiied by marker so that all observations were
made from ocutside the cubicles and yard.




B RESULTS

The results are reported under four sub=-sections:

1. oplgn of Foed Bax

There were soveral limitations in the design of the feed bex
and tombstone barrier.

(1) T™e capacity of the feed bax (7.3 cubic fet) was occasionally
insuffioient to maintain gd 1ib. eonditions, perticularly with hay, In
addition, the two foot width of the box (measurement E in Fig, 5.), did
not prevent cows dropping roughage into the feeding passage. This
latter fault was counteracted with four boards, 16 inches high, each
extending the length of three feed boxes (6 feet 9 inches)s It was
hinged at the top of the feed bax on the passage side and maintained at
an angle of 30 degrees from the vertical by chain supports as shown in
Plate C.

(2) The feeding space in the tombstone barrier proved to be
eritical, Three of the Priesian cows had difficulty in feeding through
the 7 inch gap in the Sorbstone barrier. When extended to & inches, the
height of the fibre glass doors had to be raised by 2 inches to prevent
other cows reaching over the angle of these doors into the feed boxes.

(3) The 2 feet 3 inch length of the feoed box (measurement B in
Fig. 5) was not sufficient to prevent certain cows reaching across into
the edge of the meighbouring box, This was prevented by two horizontal
1.5 inoh metal bars situated 3.5 inches and 7 inches above the top of
- the feed box as showm in Plate D.

(4) It was nccessary to erect a bar above the top of each door as
shown in Plates C and D, to prevent oows leanins over the top of their




PLATR C: View of electronic feeders from feeding passage

PLATE D: Modiflcations to the design of the Teed box
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door while it was open and pulling roughage from their neighbour's

mouths

2. Eleotronic Feoder Faults

The total breakdowns have been divided into electrical and
mechanical faults as shown in Tables 6 and 7 respectively. There was
a total of 171 breakdomns over the 146 days,corresponding to 1 fault
per 6.5 cow days. Thirty~four per cent of all the faults occurred in
the first month of the trial.

The main problems fell into two categories:=
(1) Humidity: Initial experience noted that varying degrees of
humidity could change the frequency of oscillation and result in the
electro=lock being activated,even in the absence of an animal key. This
necessitated the removal of the units from January 2last - 24th to allow
wax impregnation of the oscillators and neck keys which subsequently
reduced the incidence of this fault.

(2) Shock resistance of components: This was the major problem in this
tr;n.l and affected several components.

(a) Neck key = Although only ome key was broken open, the continual
shocks were often sufficient to damage the internal wires adjacent to
the soldered joints and prevent the key from operating the electro-lock.

(b) 9seillator and relay coil - Vibrations initiated by the closing
" of the spring-lo8ded doers were often sufficient to shake the oscillators

or relay coil from their sockets. This was temporarily remedied with
the aid of elastic bands. In some cases these vibrations also broke
soldered contacts inside the relay coil.




PAULTY
COLPONEND

Nov, 29~ Jan. Feb. tarch April TOTAL

Doce 31 ,| 1 =31 | 1«28 | 1«31 | 1~22| Number %
Animal key malfunction 8 5 4 3 2 22 24
Humidity shorting circuit 7 10 2 1 0 20 294
Relay coil broken 7 3 1 4 0 15 22,1
Oscillator malfunction 3 0 0 2 0 5 7k
Circuit contact broken 0 0 1 1 1 3 Aok
Cireuit fuse blom 3 0 0 0 0 3 P

POTALS 28 18 5 1 3 68 100.1
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PERIOD OF TRIAL

FAULTY
& o ove 29= Jan, Feb. Narch April
Dece 31 le3l| 1-28| 1=-31| 123 Number %
Hinges bent, door open 4 3 15 7 1l 45 437
Armature bent/broken 4 4 1 & 1 L, 13.6
Neck chain broken 0 1 3 3 L 1 10.7
Armature extemsion broken 5 3 0 1 1 10 97
Oseillator cut of socket 9 0 1 0 0 10 97
Relay coil cut of socket 4 C 0 1 0 5 4.9
Bolt recciver bent open 3 3 0 0 0 6 5.8
Doar forced off tombstane 1 0 0 0 1 2 1.9
TOTALS 30 19 20 16 103 100,0
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(e) Solencid armaturg = When cows attempted to enter different
feeding positions, the force they exerted upon the door was of'ten
sufficient to bend the stem of the armature and prevent it operating.
Subsequent foreings, of'ten by the correct user of the feeier, were
sufficiont to complotely damage this armature.

() Hinges = Despite the substitution of belts for the original
screws, the pressure exerted by cows leaning over the top of the doors
was sufficient to distort the hinges, and as shoim in Table 7 was the
most frequent problem. !hio distortion, particularly of the top hinge,
resulted in misaligning the door so that after being opened by the
correct cow, it would fail to close properly. Access was then available
to any cow.

(s) Dogrg = By the cemplotion of the trial, four of the eight fibre
glass doors in use hed chips missing from the faces Six gates had
extensive surface cracks,

(£) Bolt receiver - This was composed of a plate with & horizontal
slot for receiving the bolt. When under pressure from a cow this plate
tended to spring out and allow entry. Extensions to the armature to
provide a firmer hold proved unreliable,and the receiver had to be
supported by a solid wooden block,

(e) Negk ghaing = Those wore gemerally satisfactary although an
casior method of adjusting the length was desirable, lNost broken chains
resulted from being caught on & faulty parlour design.




5+ Sou Dehaviour and Feoder Usage

Zraining: Training the cows to actually operate the feeders took two
operators approximately two hours with both batchos, but cach cow ine
crcased her proficiency in operating the units with individual actions
developed over the following few days. BEven when fully trained however,
the cows persisted in approaching othor feedors and attempting to gain
entry, This behaviour was perhaps encouraged by the separate feeding
of hay and silage,but was still prevalent when hay and silage were on
free offer to all the cows. The more aggressive cows could apply con=
siderable pressure te different doors by foreing their head down over
the top,and levering thoir front feet off the ground. By using this
technique, one cow wos cstimated to be able to reach six inches down
into a feed box, However, only three of the eight cows (mumbers 1, 3
and 6) were observed to cbtain roughage in this way. .Itwmlduppw'
from Table 5 that shoulder height was not the sole oriterion.

Physical Behaviour Patterns: The behaviour of cach cow was classified
as shown in Tahle 8, The mean values were derived fron the percentages

shown in Appendix III,

Cows on hay ate longer and lay dowmn for less time than cows en
silage. Friesian cows ate longer but also lay down for longer periods
than Ayrshires, Although total loltering time was similar for both
breeds, Ayrshires spent the majority of this timo in the cubicle passage,
while Friesians loitered for longer periods in the yard. Since three
of the four older eows wero Friesians their behaviour pattern was very
similar to the breed.

The behaviour was influenced by two cows in season in the first
study and one in the seecond, Table 9 provides a comparison of these
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Percentage time spent

2nd & 3rd | 4th or older
Mean | Hay | S Hay/Silage | Ayrshires | Friesians
hotivity (2) | (D) | o) | ) (12) On. YRS | T haT
Bating 19.2 | 21,5 16.9 19.1 174 21,1 20,0 18.5
ugg - cubicle 2.8 NOW 21 P.om kvou 1.2 2.8 2.8
- 2 foet
in cubicle 3el 249 3«5 244 4e5 1.7 4.8 1.5
Lying 46.9 | 43.8 | 48.7 5244 436l 50 o4 42,5 51.2
Milking 345 ek el 3.8 35 345 3¢5 3¢5

(The figures in brackets indicaie the mumber of cows included in theso mean values)
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cows with three cows which theoy were observed to influence and with the
remainder of the cows observed during the throe studies.

Percontage of time spent in cavh activity

Cows in Affected Herd norm

Activity heat (3) | cows (3) (18)

Eating | 13.9 16.3 20,6
Loitering ~ yard 11,5 1349 10,5
Standing - cubicle 1.7 e 2.6
- 2 feot 8e9 5. 2.1 3.0

- passage 2545 11.8 1.1

Lying 3o 472 48,9
Hilking 348 348 343

(nmanmumuhmaomm«ammm

The most notlceable ofects of being in heat was the restlessness
which induced & much higher loitering time in the passage ,with a con=-
siderably reduced lying and eating time. This was partially reflected
in the cows which tlcy disturbed. In particular, the increased cubiocle
standing time was caused by the frequent approaches of cows in heat,

It is notable that the mean values for all tho cows in a particular
activity were vory sinilar in the first two studies and different from
the third study (A pendix III) whore no cows were observed to be in heat.

Eating times recorded for hay and silage were 1ll,l and 3.2 minutes
per pound respectively although the eating time per pound of dry matter
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intake was similar for both, being 13.1 and 12,7 minutes respectively.
The pattern of uﬁn; appeared to be influenced by allelomimetic
behaviour, Figure 7 indicates the mean distribution of all the cows
eating at any particular hour of the day, Feeding behaviour was very
sinmilar for all three studies and appeared to be stimulated by the
offering of fresh roughage.

As shown in Table 10 therc was a considerable range in the number
of times each cow used her feeders The differcnces in usage between :
silage and hay treatments with cow numbers 5 and 7 were largely due to
the attentions of cow number & which was on an all silage ration. This
cow continually forced them to leave their feeders in her attempts to
odtain hay., Table 11 shows the percentace of the total daily feeder
usage over difTerent perieds of the day for each cow,

Despite the laorge differences in total usage, it can be seen from
'l‘lb.h 11 that allelomimetic behaviocur patterns resulted in individuals
bhaving a similar percentase of total feeder activity dwring different
periods of the day. It was noticeable that foeder activity gemerally
docreased throughout the day, although there was a revival after the
worning milidnge

Table 12 provides a comparison of actual observed feeding from
Fige 7,and the porcentage of total feeder useze over similar periods of
time. During the night cows were avle to eat for longer periods
undisturbed. The large amount of feeder activity in the morning was not
accompanied by a similar percentage of eating time, due largely to the
inoreased number of soeial interactions over this peried,
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Yean daily usage of electronic fogders

Mean daily number of times feeder doors were opened

CO% NULBERS
Treatment 1 2 3 b 5 6 7 10
SILAGE - 38.7 - 2.9 4lal 310 6403 37
SILAGE/HAY - 407 - 22,9 52.1 - 795 -
RANGE 6«29 |17=55 (M =-64 [9-39|27~-208 | 14«68 | 38 «204 | 15 - 57




ZABLE 11
Moan percentage of the total daily feeder

oV fferent per of

Mean percentage of total times feeder doors were opened

CO4 NUMBERS

Period of time 1 2 3 4 5 6 : 10

11.00a0, = 4e00pm. | 33.8 Jae2 e 32.0 30.5 352 3345 3l
4.00pne = 9,00pm. 2244 27.0 26.9 29.3 25.0 28.3 26.3 32.9
9.00pm, = 6.00am. 21.3 2004 19.1 20.9 22.9 18.1 214 20.7
6.00am, = 11.00am. 22.5 18.4 19.3 17.8 21.6 184 18.8 15.0




11.00am, =« 4+00pm, 27.9 332
4.00pms = 9,00pm. 2646 273
9.00pms = 6400am. 28.9 20.6
6.00am, = 11,00am. 16.6 18.9

Sccial Bohaviocur: The mean daily numbers of social contests recarded
over the final two 24 hour observation periods are shown in Table 13.
Social dominance values were clearly marked at the top and lower end
of the scale,but there was an indication of a 'bunting circle' within
the middle dominance cows, @.8., ¢Ov number 3 was dominant over cow
number 2 and this cow was dominant over cow number 4, despite the fact
that cow number 4 was dominant over cow number 3.

The total number of contests, which averaged 165 in 24 hours,
provides a measure of the mean aggression in the herd. This was
undoubtedly elevated by cow number 10 being in heat during the second
observation., Although not the most dominant cow, number 6 was involved
in 50 per cent of all the contests,and was observed to be aggressive
over the whole trial period. This was associated with her allocation
to an all silage ration and was reflected by an increased number of
contests with cow number 7 when this latter cow was changed over to a
hay ration. Similarly, cows numbers 1 and 3 were of'ten trying to obtain
silage from feeder number 10 by foreing this latter cow out. Table 14
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Social Dominance
k

{

YBLE 1

Relationships within the Bxperi

Bach dot represents a single contest between two animals.

horizontally, e.g. Number 2 lost three times to Number 1, but beat number 4 twice.
as possible on the left of the diagonal in accordance with the theory
Dots on the left are indicative of bunting circles.

been arranged to have as few
of a straight line dominance order.

ean Tnteractions in 24 hours

ental Cows

Losses are read vertically and wins
The dots have

r

LOSSES

WINS Contests
Heron Gael Duchess |Justice | Kirsty |Heroine |Janina |Jovial Won
| 6 5 3 2 4 10 7
Im-‘os — — eh000e 2600 sode oe LT evsvace s0se 30
OQQ— 0 o fesescese sase avsoe ese ®ecscsscce "u 3 Nm
—UCA—JQMW 5 5 vere . ' oo .o " 5
.—Cw—mnm 3 3 sesse sseecese sese aN
—Am—‘M»< N L N oo v oo 7
Heroine 4 - 4 e 19
Janina 10 10 o 3
Jovial 7 7 0
Contests
0 6 14 13 14 9 45 64 165
Lost
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lists the number of attempts to feed from alternative feed boxes other
than allocated during the second and third observation periods.

JABLE 24

Zhe mean number of individusl cow attempts to enter
SLeeders other than allooated dn 8 24 hour period

Observation Observation Mean
Cow No. Study 2 Study 3

1 ph | 57 3440
6 43 8 2545
3 9 18 1345
7 4 : 3 2.5
10 2 1 1.5
5 1 0 0.5
0 1 0.5

4 0 0 0

The most dominant cows tended to be the most unsettled. It was
apparent that cow preferences could change rapidly,since individuals
were quite content for certain periods of the trial and particularly
aggressive in attempting to gain access to different feeders at other
periods. This can be seen from the figures for covs numbers 1 and 6
in Table 14. These attempts maturally gave rise to an increase in
social conflict.

h. Performance and Health of Cows

Figs. 8 and 9 show a comparison of the lactation curve obtained




ﬂ:. PER DAY,

MILK  Yiewp

DAILY

Friesian 2 Silage- Hay

I a 3 4 § 6 Y1 & 9 w0 44 r I3 I4

Weeks Arfrea Cawing |

F | G. 8 Inaividual Cow Comparisdns of Previous (dotted line,
and Present Lactations (cont:‘muous line).




Friesian | Hay

Ayrshire 3 Hay

b, Per DAY

MiLk YieLn

DALY

I a2 3 4 S5 6 7 8 9 o N a2 iz & IS
Weeks Arren  CAwing.

F I G. 9 Individual Cow Comparisons of Previous (dotted line)
- and Present Lactations (continuous line).




~86=

while feeding from the electronic feeders, with that obtained in the
previous year while feeding on self-feed silage and a limited quantity

of barn dried hay in a ocubicle housed 110 cow dairy herd. No consistent
trend was apparent. Cow numbers 4, 5 and 7 produced less milk than in
their previous lactation,while cow numbers 1, 2 and 3 produced more.

The yields for cow numbers 6 and 10 were very similar in both years.
Details of nutrient intake are provided in Section II of this experimental
work. :

With regard to health, four cows showed an incidence of mastitis.
Over the trial, cow numbers 4, 7, 6 and 10 were given 10, 6, 2 and 1
tube of penicillin respectively. A Californian Mastitis Test on the
2, th March 1969 revealed that cow numbers 4 and 7 showed an incidence
of mstitis in all four guarters and that cow numbers 6 and 10 were
slightly infected in two quarters.

Cow numbers 1 and 6 developed slight shoulder sores from rubbing
on the tombstone barrier as they attempted to gain access to different
feed boxes.




C. MISCUSSION

Experience of this trial would suggest that the use of electronic
feeders for individual feeding in loose ho‘;ltu is a technique which
shows potential. However, there were certain limitations in the equip-
ment used in this study.

Firstly, with certain cows, it was necessary to modify the design
of the tombstone barrier developed by Broadbent (1967b). If however the
gap in the tombstone barrier was to be universally extended to 8 inches,
it would appear %o be necessary to raise the level of the fibre glass
doors by a slightly greater margin than 2 inches. This would reduce
the purchase that the larger cows could apply,while still allowing the
smaller cows to put their hend over the angle of the door. It is
appreciated that this would involve a similar extension to the fvot of
the door to maintain the distance between this and the feed box at two
inches.

Since the capacity of the feed box was rather limited, it is
suggested that the internal width of the box could be extended by
8 inches. This would increase the volume by 42 per cent and facilitate
the maintenance of gd 1ib. oonditions with bulky materials such as hay,

The electronic feeders manufactured by Renfrew Electronics Limited
differed from the prototype of Broadbent (1967b) in eertain of the
materials used. The substituted components appeared to have a relatively
low shock resistance and were unsuitable for use with the dairy cows in
this trial. On the basis of this experiment, it is proposed that several
alterations could be made to the existing mechanismie

(1) The use of a larger bolt capable of withstanding greater

pressure.




(2) The use of a sclid bolt receiver that would not spring open
under pressure.

(3) Substitution of the existing relay coil for a coil more
suited to receiving shocks such as the glass enclosed Reed relay coil.

(4) A firmer, more resilient protection for the coil and capacitor
inside the "neck key'.

(5) The use of stronger hinges to prevent the door from being
misaligned.

It is possible that the oscillator unit could be removed from the
door to the back of the tombstone barrier. This would have the double
advantage of removing the shock component and of allowing a larger
solenoid to be installed which would be capable of withdrawing a solidly
mounted bolt.

With regard to the effect on cow performance it should be establishe
ed whether (a) behaviour and cow performance are similar to conventional
l00se housing, or (b) whether individual feeding within s group confers
a commercial advantage or even disadvantage. In terms of physical
behaviour patterns,the mean distribution of activities compared similare
ly with the previcus loose housing studies of Walker-Love and Laird (1964)
and Wood (1968) at the West of Scotland College of Agricultare (Table 15).
The higher percentage time observed standing in the passage during this
trial was presumably due to the larger propertion of available loitering
area that this passage composed in relation to the yard,

Feeding cycles differed from those of self-feeding reported by
MeAFoFe (1967) and Small (196) in that gating ectivity was largely
influenced by the offering of fresh feed four times per day. In addition ,
it was noted that cows opened their feeder doors an average of 37 times




SELF FEED SILAGE + 8 1b. BARN DRIED HAY/HEAD AD LIB., HAY or SILAGE
Walker-Love and Laird (1964) Wood (1968) Electronic Feeders (1969)
Bating - Hay 6.0 545 19.2
- Silage 13.3 10.1
Lying 4844 43.6 469
Standing - Cubicle 3.8 1.8 2.8
- E 449 49 13.5
Loitering and ¥ilking 20.2 31.9 L6
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in 24 hours. This is twice the number of times feeding recorded by

Webb ot al., (1963) and Jackson et al., (1962), although it is probable
that their results took no acceunt of cows which backed out and returned
almost immediately to feed. It is notable that the tises recorded for
eating hay and silage were relatively similar to those of Harshbarger
(1949) and Walker-Love (1954). However, the difficulties of recording
exact eating time under self feeding conditions have already been stressed.

No comparisons of herd aggression could be made but the mean number
of approximately 7 social contests per hour appeared to be fairly high
for a group of eight cows. This may have been stimulated by the feeding
of different rations within the same environment but the fact that 34 per
cent of the total breakdowns occurred in the first month of the trial may
also have induced 'bad habits' leading to inoreased subsequent aggression.
Once a cow had gained entry into another feed box by force, she was
reluctant to desist in pushing less dominant cows away from their feeder
and attempting to force their doors open. Furthermore, increased
aggression was perhaps exhibited as a ‘'displacement activity' if a feeder
failed to operate correctly.

During the trial it waas cobserved that the number of daily attempts
to force other doors open varied quite widely for an individual at
different periods, a high degree of restlessness being associated with
& low intake. It is possible that sudden changes of taste reported by
Nevens (1927) and Cempling (1966b) may have influenced this behaviour,

In terms of milk production there was no clear trend as to the
effects of individual feeders in relation to the previous years lactation.
However this study was confused by the incidence of mastitis in 50 per
cent of the cows and by the limited number of cows in the trial,
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Further experiments will be necessary to assess whether cow performance
in loose housing is significantly affected by individual feeding of this
type.




EXPERTMENTAL PROCEDURE AND RESULES

SECTION IX
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PRODUCTTOHN

NOEI ATUA LB .
LOOSE  HOUSING

Fronm the review of literature in this dissertation it is apparent
that several fagtors may influence appetite control, It is desirable
that these factors are established and intograted with & knowledge of
animal production so that they may be utilised to achieve optimum
economic efficiency under the prevailing circumstances. A knowledge of
wmmumm.mueammmm
factors to be clearly established.

Within the limitations imposed by the numerous breakdowns and
subsequent developmente of the electronic feeders alroady described in
the initial part of this experimental work, a comparison was made of
the individual gd 1ib, foeding of either bern-dried hay or wilted silage
from a covered pii, in association with concentrates.

Ao EEPELLUITAL

The experimental mt,hwsinsandmt practices have
already been deseribed in Seotion I of this experimental work.

Seaim

Two groups of four cows were fod either gd lib. hay or silage from
individual electironic feeders, in a trial commencing two weeks after
calving and congsisting of two separate periods of § weoks and 4 weeks,
The trial involved a ecmparison of cows at an identical stage of
lactation, so that the actual date of each week of the trial varied by
as much as threc weeks between individual cows., At tho end of the
8 week period, half the cows werc subjected to a change of treatment,

the changeover period lasting two weoks, while the other half were




maintained on continuous treatments.
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The design of this trial is shown

in m‘ 16.
ZABLE 26
Lxperimental Design
Zreatment | Introduotion | Period I | Shangoover | Period II
2 weeks 8 weeks 2 weeks 4 weeks
A Hay/Silage Hay Hay Hay
B Hay/Silage Hay Hay/Silage | Silage
c Hay/Silage Silage Silage Silage
D Hay/8ilage Silage | 3ilage/Hay Hay

Cows were allocated by assigning one Ayrshire and one Friesian to each
Breed pairs, similar in previous milk yield, milk quality
and age if possible, were assigned to hay or silage groups at random.

treatment.

The previous milk records and treatment allocations are shown in
Table 5.
Statistical Methodg
The results in this section were each analysed by a conventional
analysis of variance to determine the influence of ration, breed, period

Where applicable, a covariance analysis was
also used to determine the effect of Period I treatments on Period II

and the four interactions.

treatments.
texti~
d.f. = Degrees of freedom

The following abbreviations have been used throughout the

N.S. = Not significant at
probability (P) less than

Se5¢ = Sum of squares 5 per cent.
M.S. = Mean square * =P 0,05
F = Variance ratio ** =P 0,0

sew

S.E. = Standard error =P 0,001
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Hutritional Treatments
Boughage: Daily silage dry matter determinations were made from

ropresentative hand sarples, taken after the silage had been thoroughly
nixed. The samples were stored in a refrigerator and every two weeks
individual composites, weighted according to intake, were analysed for
organic matter dipestibility by the technique of Alexander and MoGowan
(1969)e Individual hay bales for cach week were cored with the apparatus
suggested by Alexander, McGowan and Stewart (1969). These weekly samples
were analysed by a similar technique to that used with the silage. The
mean of the analyses determined in each period of the trial are shown
in Table 17,

The silage and hay were prepared from difforent herbages harvested
at separate stages of maturity. The silage was out with a rotary mower
on the 3rd June, 1968 from a ley sown out in 1965 with a mixture of
22 1b, meadow fescue, 6 1b, timothy and 2 1lb, 5100 white clover. After
wilting for approximately 24 hours, it was lifted with a forage harvester
and ensiled in a conerete walled, totally covered pit; molasses was
added at the rate of 2 gallons per ton of herbage. During the 1968
season prior to cuiting, the herbage had received a dressing of 448 lb,
per acre of compound fertiliser - containing 23 per cent nitrogen (N),
11 per cent phosphate (P205) and 11 per cent potassium (K,0) - and an
application of 3,000 gallons of slurry per acro.

The hay used in this trial was ocbtained from a variety of fields
containing mainly perernial ryegrass/white clover mixtures that had
received similar campound fertiliser treatments to the ensiled herbage.
Cutting dates varied from the lith June, 1960 to the 3rd August, 1968
and were generally followed by two days of swath treatuent with tedders
and turners, before baling at approximately 30 per cent moisture. This
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lican Analyels of Roughages
As Percentage of fresh matter As Percentage of dry matter
Dry
it g nm.xewon Digestible Digestibility Digestible
Crude . Starch s Organic
Crude of organic Organic
Protein Protein Equivalent aakber Matter Matter
I Silage 25.3 4407 2.72 11,6 7342 88.2 64,6
EH aoN WL—h mog ﬁom mmow WN.@ aoN
HH mg Nmor roﬂu Nog H.HON doH mmow ﬁmoo
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hay was then dried in 50 ton batohes by a fan unit with a capacity of
30,000 oubic feet per mimute against a 2,5 inch water guage.

The quantity of roughage offered four times per day was such that
the uneaten food amo:nted %o approximately 10 per cent of the quantity
available.

Soncentrates: Representative daily comcentrate samples were compiled
in a composite and analysod every two weeks for erude protein, by the
Kjeldahl method. The constituents of the concentrato and the mean
analysis are shown in Table 18.

Yedght (oyte) Constituont Eercentage of Mixture

7 Milled Barley 2540
2 Bruised Barley 7+l
5 Bruised Oats 17.9
3 laize leal 10,7
2.5 Biscuit lMeal 849
1 Rus leal 3.6
5 Boans 17,9
1.25 Soya Bean Meal b5
_2._5_ hite Fish Meal 1.8
2725
+ 25 1b, Salt
7 1b, Vitamin supplement supply-

ing 4 million and 1 million 2.6
internatiopal units per ton} “*
of Vitamins A and D

respoctively 3
50 1be High phosphorus mineral
supolement
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Zean Analyeis of Concentreto Mixture

Grude Protein Vo157
Digestible Crude Protein 11.9%
Starch Equivalent 69487
Dry Matter 86457

This concentrate was home mixed and offered in a bruised form at
4 1b, per gallon of milk produced above 1.5 gallons, on the scale shown
in Table 19,
ZuLE 29
Soncentrate Feeding Rato
Kk vield (Ab/day)  Comgentrate (Ab/day)
1540 = 1945
2040 = 2445
2540 = 29,5
3040 = 3445
3540 = 39.5
4040 = ihe5
4540 = 4945
5040 = 54,5
5540 = 5945
Concentrate allowance was adjusted weekly on the basis of the previous
two days milk preduction., During the trial, concentrates were fed in
the parlour at each milking, from a head rail houper.

R RN aip
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Becords
In addition te the feed sampling, the following records were also

compiled:-

Liveweight: The cows werc weighed at 10,00am, on three successive days
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at the begimning of Pericd I and at the end of Period II, They wore also
woighed on two consecutive days at the start and finish of the changeover
p‘l’ido

Boughage Intake: All roughages offered were weighed, and each morning,
refusaels were woidind and discardeds

Concentrate Intake: The ocncentrate allowancs was weighed out, any
refusals being reweighed after milking,

Milk Yielda: These wore recorded twice daily at approximately 5.4.5ame
and 3e45pas '

Midk Quality: Individual oow weekly composite evening/morning milk
-samples were analysed for percentase butterfat by the Gerber method
(British Standards, 1955), for total solids and percentage lactose by
the British Stapdard (1963) methods gnd for percentage protein by an
adaptation of the tecimique suggested by Dolby (1961).

Climate: A thermohygrograph oontinuously recarded humidity and tenper-
ature within the cubicle house from the 19th January 1969 to the 23rd

April 1969,

The experimental records are shown in Appenddix III




B, RESULIS

In both periods the individual daily roughage intake tended to be
rather varisble as a direct result of feeder breakdowns, All the
electronic feeders were observed to be in perfect werking order on only
26 of 119 days actually on trial, so that exact measurenmcnts of individual
intake could only have been guaranteed by constent invigilation, whieh

nol®

was imfoasible, This fact should be taken into account when considering
these results.

1. Dgy atter Inteke

The mean daily dry matter intakes of roughage and concentrates are
given in Table 20, Analyses of variance were ealculated to determine the
influence of ration, breed, period lné the four interactions, on each
component: of the mean daily dry petter iftake. Tho full analysis of °
variance table for roughage daily dry matter intake is shown in Table (1)
of Appendix II, while a summary of the aunalyses of variance for daily
concentrate and total dry matter intake is provided in Table (iii) of
Appendix II,

Inoiohperiod the azount of roughage dry matter consumed by the
cows when silage was of fercd was less than that consumed when hay was
offered, although the difference was not statistically significant, In
terms of total dry matter intake however, the difference between those
oows receiving hay and concentrates, and those receiving silage and
concentrates, was almost statistically siguificant at the P = 0.05 level,
Although the Friesian cows consumed more dry matter (P 0,05) in the farm
of concentrates than the Ayrshire cows, they did not have a significantly
greater total dry matter intake than the Ayrshires. It is notable that
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Yean Daily Dry Matter Intakes
Treatuent SILAGE (1b. D.l./day) HAY (b, DJi./day)
Component Silage Concen trate Total Hay Concentrate | Total
SeB. of Mean | 2 1,37 L 0,90 Lo L 1.37 L 0.9 L 1.0
Period II lean 20,0 648 26.8 2.7 9.0 30.7
S.B. of lMean S 122 e 142 t1.53 1.2 s 142 L1.53




thore was a trend towards a larger roughage intake in Peried II than in
Podenmopenungtoqm:-oomu intake during Period II
than during Period I,

Broster and Curnow (1964) stated that carryover offects are a
distinet possibility in changeover experiments that involve different
treatments in the first fow wooks after calving. Covariance analysis was
therefore applied to the Period II results to reduce errors associated
'Iith the influence of Period I treatments on Peried II treatments. An
example of the snalysis of covariance for roughage dry matier intake is
shown in Table (ii) of Appendix II, The adjustment of the Period II
values reduced the error mosn square from 6.9 t0 4¢3 with the analysis
of roughage dry matter intake, but did not show any statistical treatment
difference with roughage, concentrate or total dry matter intake.

Since the dry matter intake of tiie cows receiving silage was
caloulated using the silage percentage dry ntﬁor s any correlation between
the two variables would have been 'spurious' (Snedecor, 1956). However,
the correlations for individual cows, between the percentage dry matter
and the daily fresh weight intake of silaje, ave shown in Table 21

With the exception of one cow, in the first period, fresh weight
intake decreased with an increase in the percentage dry matter of the
silage. This cow was of'ten attempting %o obiain hay, and was responsible
for o dabge tunbis oF Cosder Breakioms; partisuiarly during Peried I

When these resulis were analysed within and between concentrate
levels, the correletion coefficients between percentage dry matter and
daily fresh weight intake of silage, shown in Table 22, were obitained.

The limited number of degrecs of freedom between concentrate levels
prevent any statistically sigificant results, It was of interest
however, that between concentrate levels the fresh weight intake of




CHANGEOVER TRUATUENT

Priesian Ayrshire Friesian Ayrshire
r d.f. 8ig. & dofe Sige r d.f. Fige r defe Sige
Period I + 0,13 5, | BSe || = 006 S | NeSe | = 0,06 5 Nle || = 025 5 g
Period II | « 0,34 26 . ~0el15 26 Ne3e | =Cs70 26 A 0018 26 | N.8.
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CHANCIUVER TREATMENT

Period | Corcentrate Friesian Ayrshire Friesian Ayrshire
r def'e | Sige r d.f. | Sig. A d.fs | Sig. r bo.»o Sige
I Buotweon lovels | + b.P 3 HeSe || # Ot 2 HoSe || OO? 2 Hele | = OelS 5 NeSe
Uathin lovels |+ 0.09 |50 |W.5.|=007|51 |MeS.f~0.33|50 |BeS.[|-0.26(a8 |N.s.
II Betweon lovels | - 0,99 | 1 | N.S.
Within levels | = 0407 | 24 |N.S. = 0,15 26 HeSe || = 0670 | 26 % = 0,28 | 25 | NuSe
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three of the cows inoreased as the percentage dry matter of the silage

increased, contrary to the results obtained within comcentrate levels.
No correlation was found with hay or silage botween liveweight and

either mean daily roughage or mean daily total dry matter intake.

It was shown in Tabla 17 that the mean digestible organic matter
was approximately 3.5 per cent higher in the silage than in the hay
dry matter. Table 23 provides a comparison of the digestible organic
matter intakes of' the cews on these respective roughages.

T
Treatnent S.i, of
Mean
Silage Hay
Period I 11.6 12,7 L 0.88
Period II 130 13,2 < 0.83

A suzmary of the amalysis of variance is given in Table (iii) of
Appendix II., There were no statistical differences betwoen the treate
ments even with covariance analysis. In eccordance with the dry natter
intake, the cows tended to have a higher digestible organic matter
intake of both reughages in Pericd II than in Period I,

3¢ Ziki Froduction

The moan daily milk yield and daily body weight change are shown
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in Table 24. A summary of the analyses of variance is given in Table (iv)
of Appendix IX.

The Priesian eows produced more milk (P<0,05) than the Ayrshire cows
in this trial, while the difference between Period I and Period II mean
levels of milk production approashed statistical significance at the
P = 0405 levels

: MILE YIELD BODY WEIGHT CHANGE
T'roa tment 1/ day 1o/day

Period I | Pewriod II Poriod I | Period II

SILAGE §l.8 2906 - 0076 + 024
HAY 6.5.0 57.2 “+ 0.20 0.00
S.B. of ean | £ 4,28 | I 4,27 | 20,27 | %0425

During the seceond Period, cows on a hay=based ration produced a
mean of 7.6 lb. more milk por day than cows on = silage-based ration.
The analysis of covariance to adjust the milk yields in Period II far
the effects of 'eried I treatments is shown in Teble 25, This analysis
shows that fho apparently large treatment effect in Period II was
associated with 2 very high interaction sum of squaves, Adjustmont for
Poriod I effects reducod this interaction sum of squares from 207.1 to
Ape8, indicating that the allocation of the cows in the changeover
dosign was largely responsible for the apparent treatment effect in
Period II, The majordity of the higher producing cows were inadvertantly
allocated to hay rations during this second period.
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ZALE 25
Anaizis of Covardance for Milk Yield (1b/day)

x = Poriod I yleld y = Period I yield
Source D.Fs 5% Sy S5y 2 AdLSSy 2.0, Hels 4
Breed 1 215,28 227,73 240,90 = - L - %
g o e RS L i B o Y o o R ST RS N Lo i
Period I treatoent 2.7 7.8 201 = - ik %

1
Period 11 treatment 1l 386 63.25 114,76 47428 1 4728 1,70 N.S.
1 254425 22945 207.06 U 77 1 U777 0.53 N.S.
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Cows on silage lost more woight than cows on hay in Period Iand
gained more weight than cows on hay in Period IT, as shown in Table 24,
This interaction was statistically mt (P<0.05)s Relatively
large mean squares for breed and period (Tsble iv, Appendix II) indicated
that higher levels of nilk production were either associated with greater
body weight losses or lower liveweight gains,

Peraistecoy of Leotation: The average weekly milk yield decline during
Period I is shown in Pig, 10, The analysis of coveriance, 8ssu-ding a
lingar rate of declins, is shown in Table 26, There were insufficient
results to project the weekly milk decline during Feried II,

The lingar rate of nilk yield d;clino was not significantly
~ different between cows on silage or on hay, but there was a statistically
significant differonce (P<0,05) betweon the mean valucs for each ling,
Although the linear rogrecsion coefficients were significant for silage
(P<0,001) and for hay (P<0,01),it was apparent thet a curvilinear trend
was presents In fuct, a curvilinear regression analysis improved the
~ accuracy of the resression with silage (P<0,05) but nct significantly
with hay, and was usod in Fig. 10, The comson regrecsion analysis is
shom in Table 27.

The significant deviation (P<0.05) from the co.men curvilinear
regression indicates that the rate of decline of milk yield was more
'rapid with oaws on silage than on hay, and that thls difference was
statistioally signifiocant,

mmm«mwamnmmmm-mugmm
against the weeks of the trial to estimate tle percentage decline in
milk yleld for eash cow during Period I. These results are shown in
Table 28,
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WEEKLY MIiLK YIELD Ib.

MEAN

310

3i1c

2%

280

2710

270

260

I 2 3 4 3 6 7 g
WEEKS OF: TRIAL

“—Q. _o uEéwHHr\,L.‘,,..c...,.,ho,‘.‘m.,ro,,_.w:,‘,ﬂ.ﬁo,,,www.:m_c‘:«u.;:oo“...,coH..t.Eop.s.‘.‘...,m.,\.wm.._.m,
on hay or silage.




~109-

bR 84.0 =560e5

15 . Bhel ~56845

k5535l

#‘8“0“

;-oka'.c\cs

3
i

LUy

263
222:6
52340
16409
687.9

272.2

960.1

Devintions from Regression
2.5,  AdLSSy | MK.S.

4349
423
43.6
1649
5249
272.2

Dif feronce between Regression Cosfficients F 1, 12 = umw-m = 378 NaSe

Difference in elevation

Fl,13 =
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ZABLE_ 27
Poriod I
Source Rals Se8: Halls Z
Common Linear Regression 1 3847.5 3847.5 183.2 ***

Difference between Lrcatment (1) (364.9) (16449)

Linear regressicn coeffiecients

Common Curvilinear Regression 1 306s5 30645  1iueb **
Deviation from Common 2 115 8546 4408 *
Zrror W 2ea Ao

Zotal X

Treatuent FRIESTANS AYRSHIRES
SILAGE - 2,05 - 3,51 - 3.06 - 2,79
HAY -+ 0039 - 008’ - 0.1‘ - 8.91

The amalysis of variance is given in Table (v) of Appendix II,

There were no statistically significant differences between breed,
troatment or the interaction, but this was largely due to the very rapid
decline in milk yield by one of the Ayrshire cows on the hay treatment.
This was caused by the incidence of mastitis, When the results were
analysed without the value firom this cow, the mmanion coefficient
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was reduced from = 5.37 (Table 26) to =0.09. The curve in Fig. 10 for
those cows on the hay treatment would have tended to have risen slightly
and then fallen, so that the mean decline in milk yield over the trial
period would have boen ‘vory small, By inspection of this ecurve, the
rate of milk yicld deeling would have been clearly differeant for cows
on silage and on hay. : :

4 Milk Compogition

The percentase bubterfat and percentage solids-notefat (S.1.F,)
were weighted according to milk yield and are shown in Table 29.

The slight discropancies between the figires rresented for total
solids and the nddit:l.nn of percantage fat and percentage S.ii.F. are due
to rounding. A sunmyy of the analyses of variance is given in Table (vi)
of Appendix II,

There were no atcﬁstiq.lly significant offects of ration, breed
or period upon the percentage fat, SJ,7., or total solids, By
welgiting the pereontase composition according to milk yield, the
difference betweon brocds was effectively reduced. Cows on hay produced
milk of higher percentage S.N.F, in both perioeds of the %rial, but the
porcentage butteriat and the percentage total solids were higher with
cows on silage than on hay in Feriod I, yet lower in Periocd II. These
effects approached lhthﬁcﬂ. significance at the P = 0,05 level.
Covariance analysis, %o adjust the values in Period II for the effects
of Period I, was applied to each compomont in Table 27, but did not show
any statistical differences between treatments, The relatively high
interaction sum of squares in the analysis of the percentage butterfat
indigated that cows tended to be individualistic, and that the allocation

g




FAT (%) S.H.P. (%) TORAL SOLIDS (5%)
Treatoant
Poriod I Period II Period I Period II Poriod I Period II
SILAGE 309 3.78 8.36 8.31 12,31 12,10
HAY 3.61 3¢5 841 8.52 12,02 12,35
SeE. of lean 0.5 t 0.0 20,08 | %0406 €638 | $o0.08
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of the changeover (reatments was a large factar in produeing the inter-
actions of perioed and ration,

The mean welighted protein and lactose concentrations of the milk
were also detormined and are set out in Table 30,

LACTOSE (%) PROZEIN (%)
Treatment |__
Period I | Perdod II | Pericd I | Period II
1T v
SILAGE 4..66 Lekb 2495 3416
HAY Lo62 4eb9 3403 3417
S.B. of bean | £.0,15 2 0,09 L 0,08 L 0,08

A sumary of the amalyses of variance is shown in Table (vi) of
Appendix II,

A low percentage iaotosc nas indicative of mestitic infection,
Since three of the Ayrshiro oows werc treated for mastitis, a lower
percentage lactose tharn in the milk from the 'riesian cows was e:peohd;
This difforence was not statistically significant however, A covariance
analysis, to adjust the Period II values for Mericd I, again showed a
high interaction sum of squares associated with the changsover of the
exparimental animals.

As iitb the poroentege lsotose, tihore were no staiistically
significant effects of ration, breed @ periocd on the percentage protein
in the milk, Howover, the higher protein percemtagn during the seecnd
period was almosi significantly greater (P = 0,05) than in Period I. An
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analysis of covariance similar to that calculated for percentage lactose,
did not show any significant treatment differences. With all the cows,

the percontage nillk protein was rether low, particularly during Peried I,
indicating that the energy supply may have been limiting especially at

the higher levels of millk production. This hypothesis was supparted by
the trend towards a lower percontage protein in the milk from the Friesian
cows than from the Ayrshire cows.

Table 31 provides a pomparison between the intake of starch
equivalent and digostidble orude protein, and an estimate of their

corresponding values necessary to maintein body weight and achieve the
mean level of milk production attained in each periocd of the trial. '
This estimate was based upon a 10 per ceni inoroase of the standards given
by Evans (196C) and an increased .um. per gallon at higher production
levels as suggested by Blaxter (1967).

With the cows on silapo-based rations the starch equivalent appeared
w be the lindting faotar, while the digestiblo cxrude protein was more
oritical with the cows on hay-based rations. 7The caleulations support
the observations of the low percentage protein in the nmilk, since there
appeared %o be a varying degree of undernutrition in 87.5 per cent of the
cases, although tids was not substantiated by a loss of liveweight in
oach situation. '

e ool e Sl




Cor Particulars lean Daily Estinated ilean Apparent difference
i Intake Daily Requirements | (Intake - Regquirements)
and : .
Period Huuber Bilk Live~ Sefie D.C.P St DCols Sele DlePe
and Yield Veight
ww.mwa Es go HV. :l HNVC H"O ib. H-wuo
Eeriod I (53 5348 1233 19.0 e 23.6 370 - 0.5 + Do61
. Nm. F.UOW Hcm? u'moN UQ@U BOW UOUN - H.Oﬁ + C.WU
Silage ,
H.E Umﬂw We H-QQN u.g H.NOO N.R - OO“ + Oop
7A A0 896 a2 2.96 U7 2435 - Ued + 0,61
1w 52 oy 3225 | 18,1 | 2.7% 2346 370 - 5¢5 - 096
Hay 5F 3846 55 1846 2,73 20,5 | 3e20 = 1.9 - Ouly7
3A 4240 1031 | 1947 | 2.97 22.7 3e62 = 30 - 0.65
4 31.9 1238 | 16:8 | 241 164 2450 + Oy - 0,09

(eont'd overleaf)
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Zois 31 (Cont'd)

Cow Particulars Moan Dailly Estimated iean Apparent Differences
Ration Intake Daily Requirements | (Intake - Reguireuents)
and
Period Hunber Hilk Live~ Selie D.CePe Sele DelPe Seke DoCePe
and Yield deight .
Breed | 1%/day | 1b. 1b. 1b, 1b. 1b. . 1b.
Period II 6F 3645 1221 1567 323 182 2,80 - 2.5 + 043
50 32.8 U22 | 164 | 3.52 17.5 2,65 - 1.1 + 077
Silage
1ca 25.5 952 1640 3650 15.0 2.37 + 1.0 + 1,13
g HWOU H.vao. HHQ& Nog H.UOU PQS - PQN + OOB
1w 4642 1199 18,8 2492 21.6 Sels? - 248 - 0455
Hay a2z 399 1054 19.0 2,87 19.0 3405 0.0 - 0.18
34 41.6 1042 19,1 2,96 18.9 3.02 + 0.2 - 0,06
7 20,9 938 | 146 | 214 | 2149 1.77 + 2,7 + 0.57
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Gy ESCUSSION

It should bo emphasised that this trial was based upon a comperison
of two high quality roughages cut from separate swards at different
stages of maturilty. Since the digestibility of the arganic matter of

the silae was approzimtely 7.5 per cent higher than the hay, a twue
comparison walxld not be valid. Furthermore, although the use of |
individual elostronic feedsrs permitted s comparison of the two reughages ‘
within an identical loose housing environment, the teohnique was not
su’ficiently reliable to gusrantee an accura.c woasuresent of individual
in'ﬁke. Hovever, in view of the limited individual nutritional studies
in group housing,and of the high cvefficient of individuel animal
variation, the results have been presented for corparisen wit: more
connntl.t;nnl experizenis,

The observation that cows consumed more dry matter in the form of -
hay than siloge,wns in gencrel sgreement with the resulis of cther
workers (Campling, 1966b; Murdoch and Rock, 19633 Jones, 1967). However,
alnge the virtually siemificast difference (P = 0,05) 4a total dry matter
intake was oenly schievod ac & result of a slighily greater oneentrate
adninistration to the bay zvoup of cows dwrins Period IT, it is possible
that either the lower digestibility (Campling, 196Ga), or the feeding
of concentrates in addition to the roughage (Csmpling and Murdooh, 1966),
may have suppressed the difforence between the two, It was of intorest .
that Quring the ehangeover paried, cows changing fros hay to silage lost
a mean of 22,5 1b, whilc cows changing from silsse %o hay gained @ mean
of 50,81b, This mey support the contention of Campling (1966b) that
silage residucs tend to remain longer in the alimentery tract than hay
residues, but it also emphagises the large variations in gut¢ i1l that

can occur,




Within the silage treatments there was gencrally a decline in
fresh weight intake as the dry matter percentage of the silage increased
over the range of 19,3 to 3l.3 per cent, in sccordance with loore ot al.,
(1960) and Duckwerth and Shirlew (1958b). The tendency for roughage
invake to increase as the concentrate lovel was reduced ,may have
contributed towards the positive, although not statistically significant,
correlations betwoen poreentage dry matter and fresh weight intake at
different concentrate levels in three of the four oows which had at
least two degrees of freedom for this component.

Despite the highar total dry matter intakes, the milk yield of the
cows on hay wes not significantly greater than those on silage. This
is in agreement with the findings of Larsen (1960) end Murdoch (1962) {
using roughages of different digestibilities. The apparently large
difference in milk yiocld in the second period was shown to be associated
with the experimental allocation of the cows.

The Friesian cows in this triel produced more milk (P<0,05) than
the Ayrshire cows. Although they also received a larger amount of
concentrates (P<C,05), there were indications that this higher milk
roduc tion was mmucwmtﬂwﬁmoeunﬁd
requirements than the Ayrshires, albeit with a greater loss of body
weighte Since ono Ayrshire developed mastitis andi two others showed
slight symptoms, this comparison should not be taken as generally
representative of the breed.

In contrast to the results of Brom ot al, (1963) it was found
that the persistency of :I.uhtion_ was poorer with the cows on silage
than on hay (P<0.05), despite the very rapid decline (8,91% per week) |
by one cow on the hay treatment, The removal of this value showed a
nqocpmtmtum in milk yield decline for the cows on hay.
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No significant effgct of ration, breed or period was cbserved upon
the milk composition during this trial, However, there was & trend
towards a lower percentage solids-not-fat with the cows on silage, as
reported by Murdoech and Rook, (1963) when highor dry mmtter intakes of
hay were compared with silage. The analysis of covariance for butterfat
in particular, showed that cows tended to be individualistic with
changeover treatments producing relatively large interaction effects.

It was observed, that despite the stage of lactation, the percentage
milk protein was relatively low, particularly during Period I. As the
concentrate nixture only supplied 2,8 1lb, starch equivalent per gallon
of milk, an energy linitation at higher milk yields might be expected,
since roughage intake decrcased with inoreasing concentrate levels.
Despite the high guality roughages, aprroxirate calculations revealed
an estimated mean deficit of 1.5 and 1.2 lb, starch equivalent per day
with silage and hay treatuents respectively. Cows on silage consumed
an esﬁmt‘d surplus of 0,61 1b, digestible crude protein per day on
average while the estimated deficit was 0,32 1lb. per day with cows on
hay. Since the caloulated deficits for cach cow were not always supported
by a loss of liveweight, several contributory factors may have been
involved:=-

(a) The requirements may have been overestimated.

(b) The apparent change in liveweight may have been largely
due to differences in gut fill,

(e) The efficiency of conversion to milk may have varied widely.

(d) Cows may have forced open feeders other than allosated and
consumed more roughage than was accounted for, although a deficit was
apparent for most cows.




SENERAL CONCLUSIONS

The potential for individual feeding techniques, to be used in
mtritional researeh with group housed animals, is apparent, Within
this dissertation, attention has been drawn to the inadequagioes of
indirect methods of deteormining individual feed intake with dairy cows.
While the use of electronic feeders in this trial did not provide an
accurate alternative, it is believed that the developments suggested by
this study would eonsiderably improve the reliability of the unit.

The limitations, imposed by the use of only eight cows, prevent
& critical assessment of cow wtm under the system. IHowever,
 certain general features were notable, It was observed that physical
behaviour patterns appeared to be very similar to those reported in
provious loose housing studies, despite a relatively large nuaber of
social interactions. The level of roughage intake in this trial averaged
18.7 1be dry matier per cow per day on silage trestmonts, and 21,0 1b,
dry matter per cow peor day on hay treatments. These corresponded to 1.71
and 1,76 1b. per 100 1b, liveweight respectively, although there was no
correlation between liveweight and roughage intake. The values represent
a lower roughage intake than was reported in stallefed trials, by Brown
ot al., (1963) on & similar level of cancentrate feeding, -nd by
Campling (1966b) uhere bay and silage were fed alone. However, the
intake of silage dry matter was alucst ideniical to that found by
Jackson ot als, (1962) under loose housing and self feeding eonditions,
and %o Murdoch (1960) and Moore et al., (1960) when stall-fod, It is
recognised that the many variables eantrolling intake tend to invalidate
such comparisons between exporiments, but it is of note that the values
oblained in this study do not appear %o differ markedly from the reports
of other trials eomparing hay and silage. It is probable that the




indicated nutritional Mhﬁon of the ration was associated with the
early stage of lactation of the cows used in this trial, With regard

to milk production, the results of this study would sucgest that
individual feeding in group héusing was probably not directly responsible
for the fluctuations observed between the lactation in this trial, and
that of the revious yoar. '

The separate feeding of hay and silage within the same environment
was designed to provide a oritical t;at of the reliability of these
foeders. It is interesting however, that the advantage of comparing
rations with oows in a sinmilar social structure, my have been oute-
weighed by the disadvantage of the stress that this form of 'teasing'
induced. The large number of social conflicts were undoubtedly associated
with this factor,

In eonclusion, this study would suggest that cow performance was
very similar to reporis from other nutritional trials, and that an
improvement in tio relisbility of individual elestronie feeders would
Mo_ounryuluahlo rescarch tool for experiments with group housed
cows. The cost, maintenance and management of the electronic feeders
used in this trial would not have permitted & commereial application
for individual roughage fecding of loose housed dairy cows. Howover,
with the development of improved electronic units this possibility should
be oconsgidered, particularly for the administration of concentrates outside
the parlour,
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Bight electronic fecdors were used for the direct measurement of
individual fecd intake in loose housing with four Sritish Friesian amd
four Ayrshire cows. A conparison was mde between gd 1ib. barn dried
hay and wilted silage, cut at different stages of maturity. Concentrates
were fed at 4 1b, per gallon of milk produced above 1.5 gallonse

Af'tor an intproductory period to the tombstone barrier, training
the cows to actually operate the feeders took two persons approximately
two hours with both batches of four cows. Throughout the trial, cows
persisted in attenpting to feed from feed boxes other than allocated;

a feature which was lergely responsible far 171 feeder breakdowns over
a 16 day period, Adaptations were mode to the design, and sugsestions
have been given to improve the shock resistance of the components in
the unit,.

Behavioural observations over 24 hour periods showed that the
pattems of activity were very similar to previocus loose houd.n; studies,
although a mean of 7 social conflicts per hour wa: recorded. lean daily
roughage dry mattor intakes wore 18,7 b, and 21,0 1b., and mean daily
total dry matter intales were 28,1 ln, and 30,8 1b., for silage and hay
respectively. The differcnce between the total dry matter intakes was
alnost statisticslly significant at the P = 0,05 lovel, Correlations
for individual cows showed that daily fresh weight intake of silage
ganerally declined as the dry maiter percentage increased over the range
of 1943 to 31.3 per cent,

The mean daily milk yield was 37.7 1lb. and 4l.1 1lb. from cows
ummwnsp&uw. During the first period, which was
eight weeka, the weokly decline in milk yield was more rapid with the
cows on silage than on hay (P<0.05)s In comparison to their previous
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yeoars' lactation when they were loose housed ani self fed in groups of
about 60 cows, there wus no ®lear trend towards an environmental effect
on milk production.

There were no statistical differences in milk composition when
wei htod according to yield. Howsver, differences between nutrient
intake and the estinated requirements confirmed that a low percentage
milk protein may have indicated a slight mutritiomal limitation,
probably associated with the stage of lactation.

The results are diseussed in relation to the future experimental
use of electronic foeders as a means of determining individual foed
intake in loose~housed dairy cows,
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Mean percentage time in each activity

Loitering Bedded Area Number
Feeding in yard of Breed Reference
& Milking Loitering Lying Cows
15.2 21.9 mnﬁﬁ.ﬂm 433 68 F HeAoF.F. (1967) Farm 1
12,2 29.0 194 3945 30 F do. Farm 3
17.8 22.3 19,0 40.8 28 F do. Farm 4
16.6 204 23,0 4040 35 F do. Fara 5
16.8 11.9 25.1 46.2 49 F/A do. Farn 6
15.3 22,7 20.1 41.9 iy F do. Farm 7
7-15 1-10 &7 - 53 =37 40 - Clough et al., (1968)
20,8 - - - 10 F/A Jackson et al., (1962)
L5 - - - - - Hurdoch, (1959b)
22.9 9.5 »%ﬁ 40.9 23 B.S/H #alker-Love, (1954)
21.3 13,0 21.3 4y o6 20 B3, Lewis & Johnson (1954)

(cont'd overleaf)
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Mean percentage time in each activity

Herd Particulars

Bedded Area

Feeding in yard of Breed Reference
& Milking Loitering Lying Cous
HAY AND SI

25.0 - - 30.2 35 ¥ Small, (1966)
19.3 20.2 12.1 4By 40 B/A Jalker-Love & Laird, (1964)
20.6 U8 21.7 42.9 23 B.S/H #alker-Love, (1954)
15.6 31.9 8.9 4346 - F/A Wood, (1968)
26.1 - - - 4/100 [ Webb et al., (1963)
23.8 22,1 17.9 3643 20 BeS. Lewis : Johnson (1954)
21.5 33.1 8.5 36.9 3% i MohoFoie (1967) Farm 2
20.5 32.2 10.5 36.8 53 ¥ do. Farm 8

- - - ol 20 H Schmisseur et al., (1966)

- - - 51.3 2, H do.

F = Friesian A = Ayrshire B.S. = Brown Swiss H = Holstein G = Guernsey




APPENDIX II




Ratior

Breed

Period

Period x Ration

Breed x Ration

Breed x Period

Breed x Period x Ration

Error

TOTAL

>136=
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APPENDIX

Source 4.f. SSx SBxy Ssy Adj.SSy defs HeS. K. Sig.
uz.ﬁ H 008 H.OS W.H.N \ - - - - -
Treatments 3 24.81 0.81 9.67 -\ - - A -
''''''''''''''''''''''''' {-Illl-ll'-""""
Period I Treatment 1 14.58 -0.27 0.01 -\ - - - -
Period II Treatment 1 Uoum LOQNW 545 12.06 _1,. 1 H.NQO% 2.82 H.Se

Interaction Periocd I
and Period II Treatments 1 6.85 537 421 0.01 1 0,01 0,002 N.S.

Period II + error

3
Zotal 170 G RS e e e g
4
4

Interaction + erros 28.11 21.42 2487 8455 - - - -




Hean Square
Source d.f.
RoDeliole | CaDolioIa | ToDoMoIs | DoOgliole
Ration 1 18.92 2,72 36.00 1.56
Breed 1 4ol 36.60* 15460 1,10
Period 1l 9.00 28409 5429 3480
Poriod x Ration 1 1.10 7456 2.89 0.72
Breed x Ration 1 0400 6425 6.00 0,02
Breed x Period p ! 1.21' 0,72 0,06 0.42
Breed x Period x Ration | 1 2,72 9.00 1.82 0,90
Brror 8 6.70 5469 6.87 2.95

Non significance may be assumed other than where stated
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Mean Square
Source d.f.
Milk Yield ’?hz:‘“
Ration 1 | 7.5 0453
Breed 1 455.82° 064
Period 1 325,80 0466
Poriod x Ration 1 40496 146
Breed x Ratdon 1 20.25 0.02
Breed x Period 1 0436 Oeliy
Breed x Period x Ration 1 37.82 0.13
Error 8 7303 0,27

Non significans may be assumed other than where stated




A LOLL WAl
leld during

Souree Safs Ba8s  MaSy

l..
E

Ration 045 045 0.,04 N.S,

995 9495 0,99 N.S.
8469 8469 0,87 N.S,
40,15 10,03

59422

Breed
Breed x Ration

Error

I 1&F » =




Mean Square

Source defs

BoFy | SelleFy T.8, | Lact, | Prot.

Ration 1 0,083 | 0,066 | 0,002 | 0,035 | 0,008
Breed 1 04008 | 0,064 | 0,052 | 0,183 | 0,045
Period i 04,004 | 0,002 | 0,012 | 0,016 | 0,124
Period x Ration 1 04150 | 0,026 | 0,300 | 0,074 | 0,005
Breed x Ration i 0,000 | 0,007 | 0,005 | 0,032 | 0,019
Breed x Period x Ration | 1 04014 | 0,016 | 0,026 | 0,047 | 0,001
Brror 8 0,060 | 0,020 | 0,080 | 0,063 | 0,024

All the mean squares were

non significant
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Mean Percentaze of Behaviour Pattern

Cow Number 1 2 3 & 5 6 7 10 | Mean
Breed ¥ F A A F ¥ A A
Treatmont R |y/n |¥/H \W/S (/s |s/s |sM |8/
Study 1 | 17.7 | 22.9 1566 | 14e6 | 1747 | 177 | 1848 | 1345 | 1743
Eating g::gi 25,0 | 26,0 | 20,8 | 1345 | 1948 | 15.6 zo.g 8.3 | 18.7
S 12667 7-3| 211a5| 73 |213.5| 2048 | 16,7 | 562 | 1244
s o s:gz 12.5| 7.3| 6.3 42 156 | 3042 [ 22,5 944 | 1243
I B et e e e
Yard
liean - 5 . Lo ol . 2 3 .
BW" 1 hz 2.1 boz 100‘0 - 100 502 - 50’0
v Esmy 2| ka2| = | 52| 9k 1.0 L& 6e3 10| 34
Study 3 .%.% - 7 N = _""%"'—"L“'hg-‘
Cubicles e
Mean . 0.7 lpoz 09 003 007 50 1.0 24
3 1 502 2.1 6.’ 2.1 100 1.0 - 3.1 2.6
T'°1:°“ ismz 23| 20| 83| « | 3| = | 3| 7.3| 34
Study 3 ﬁﬁd.,,.,z.é, - &.0 - g,g
Cubicle Hean . ol | De 5.7 . of | 140 . .
Study 1| 6.3 | 10e4 [ 2942 | 562 | 2640 | 1044 | el | 2741 | 1545
Shﬁing igwg 52| 341 | 22,9 (1848 | 7e3| 7e3 | 14e6 | 333 | el
in Mean ?.9 ?oé a-g é.a ﬁ-é 30% ﬁ.S i;.‘t Eog
Study 1| 4548 | 5140 | 2942 | 5643 | 3765 | lhee8 | 458 | 4649 | 4hae7
Lying gw § L7¢9 | 59k | 23.3 | 5060 | 5040 | 4348 | 3946 | 375 | 4543
Mean ‘)309 a9 | 3541 gﬁo} 494 #9‘8 4264 | 379 509
Study 1| 402 | 42| 4e2| 42| 402 | L4e2| 42| 4e2| 4e2
Collooting ) study 2| 3.3 | 3.1| 3.3 | 3.3 ( 34| 342 | 3.1| 3.1| 32
Hmm ws ga! i.é ’.g ;‘% ;'5 i.; g.s 3.% g.é




2aas (34)
Mean Weekly Climatic Reoords
Tempereture Temperature in Relative Humidity
Qutside Cubicle House in Cubicle House
DATE
Hean Mean Mean Mean lHean Mean
Min. (°F) | sax. (°F) | Min. (°F) | Max. (°F) | uin. (%) | Max. (%)
19/1/69 = 25/1/69 | 38.6. 49 4645 53.2 91.3 Wo3
26/1/69 = 1/2/69 | 40.0 IV 45ek 51,1 81.0 0.7
2/2/69 - §/2/69 | 28.9 (5) 39.1 3846 46.3 1.7 91,0
9/2/69 = 15/2/69 | 27.1 (7) 38.0 38.1 (1) o9 9.1 92.4
16/2/69 = 22/2/69 | 26.9 (6) 38.1 37.3 (1) L3k 7740 90.9
23/2/69 - 1/3/69 | 35.0 (1) 41,7 42.1 4840 81.3 9340
2/3/69 = 8/3/69 | 26.7 (7) el 3644 51.1 78.8 96.0
9/3/68 = 15/3/69 | 32.0 (3) 40,7 40,0 47.6 7643 92.9
16/3/69 = 22/3/69 | 3uets (1) 41,0 40,7 48l 82.4 93.6
23/3/69 - 29/3/69 | 27.9 (6) 45.1 40.2 52.8 740 97.0
30/3/69 - 5/4/69 | 33.1 (&) 49.7 41.0 5643 67l 96.1
6/1/69 = 12/4/69 | 37.9 5547 46.3 6049 6840 9546
13/4/69 = 19/4/69 | 351 (1) 49.6 Ulse0 5844 62.7 9543
20/4/69 = 23/4/69 | 3743 49.0 4540 5540 61.5 9540
Trial Means | 32.9 ilye? 41.5 51.2 7545 93.8

Figures in brackets indicate the number of days when the temperature fell below freezing

point.




APPERDIX I1I

CO#  RUMBERS
PERICD I 1 2 3 4 5 6 7 10
Day 1| 1219 1102 101é 12,8 U7 1264 891 1017
START Day 2| 1231 1092 1013 1230 1,58 1262 887 1016
Day 3| 1231 1038 1030 1196 1452 1230 890 1018
1017.0
Day 1| 1222 | 1020 | 1050 | 1248 | W52 | 1219 912 960
FINISH
Day 2| 1232 1003 1034 1254 1455 1208 892 955
Mean | 1222,0 | 1011.5 | 1042.,0 | 1251.0 | 14535 | 1213.5 502.0 9575
k@gﬂ Og - UOO - mmom -+ NNOW ¢ 1.2 - Um‘w + HNON - WWOW

+ Nmou




2aLE (iv)
CO¥_LIVE-EIGHTS (1b.)
COW NUMBERS
PERIOD II 1 2 3 & 5 6 7 10
Day 1 | 1203 1083 1036 1228 1l2 121, 9hdy 926
START
Day 2 | 1219 1092 1050 1228 1427 1212 911 958
Hean 1211.0 | 1087.5 | 1043.0 | 1228.0 | 1419.5 | 1213.0 927.5 942.0
Day 1 | 1188 1103 1049 1212 1,420 1240 955 Il
FINISH | Day 2 | 1178 1103 1039 1228 1418 1225 940 966
Day 3| 1193 1094 | 1037 1218 1,35 '] 1223 952 950
&Og.ﬂ O~§ - Nro.N + HN.W - HQU - moN + rom + g.u + NP.W + NO.U
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AEPENDIX I11
Zans (v)

Dry lat In and Milk ¥

Continuous Treatment

WLEKS FRIESIAN 6 AYRSHIRE 10

TRIAL Silage |Cone, | Total | Milk || Silage| Conc. | Total | Milk
Intake | Intake | Intake | Yield || Intake | Intake | Intake | Yield

0= 1| 18,8 | 13,8 | 3246 [ 55,6 | 21a4 | 20,5 | 31.9 (4101
1= 2| 13s5 | 139 | 274 | 54eb | 1740 8s5 | 25.5 | 38.8
2 = 3| Lue3 | 1349 | 2842 | 55.7 | 0.1 8e5 | 2846 | 38.3
3= &4 949 | 15.0 | 24.9 | 57.2 | 19.2 Bs6 | 27.8 | 37.1
b = 5| 15.6 | 1544 | 31.0 | 56,2 || 21.5 8e6 | 30.1 | 38.3
5« 6{ 12.9 1545 28 | She3 2246 87 31e3 | 3564
6= 7| 20k | 1446 | 35,0 | 50,0 [ 20,0 7.0 | 27.0 | 35.1
7= 8| 267 | 13.2 | 29.9 | 4641 | 19.6 6.9 | 2645 | 31.3

ilean 15.2 U5 29.7 | 538 20,2 Bely 28.6 | 3649

10 - 11| 18.3 | 1044 | 28,7 | 384 || 19.6 6.9 | 26.5 | 28.8
11 = 12| 1645 | 10«4 | 2649 | 39.6 || 22,8 6.9 | 29.7 | 28e4
12 = 13| 12.8 9e9 | 2247 | 3446 | 23.5 6.9 | 304 | 30.5
13 - L4 || 19.2 Bolt | 27.6 | 3344 || 21.6 6.9 | 28.5 | 30.4

llean 16.7 9.8 2645 | 3645 21.9 6.9 28.8 | 29.5

dean Percentage Dry Matter
Silage | Concentrate || Silage | Concentrate
Period I 2445 86.3 2.6 86.3
Period 11 2’-.-.9 86.5 21}.7 86.5
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APPEND I
Zasie (vi)
Noan Daily Dry Hatter Intakes and Milk Yield (i)

Continuous Ireatument

4EEKS FRIESIAN 1 AYRSHIRE 3
OF L

TRIAL Hay | Come, | Total | Milk | Hay | Conc. | Total | Milk
Intake | Intake | Intake | Yield| Intake | Intake | Intake | Tield

0= 1| 95 | 128 | 2143 | 5243 || 193 | 12,1 | 3les | 45943
1« 2| a7 | 325 | 2642 | 532 | 1902 | 12,0 | 31.2 | 48.0

2« 3| 18,1 | 1de4 | 2945 | 4846 || 2047 | 12,1 | 3248 | 48.7

3= 4 1943 | 12,0 | 31,3 | 5049 || 1865 | 1241 | 3046 | 4947

b= 5| 16s5 | 21,6 | 28,1 | 5341 || 21.2 | 12,1 | 3343 | 0.2

5« 6| 20e5 | 1147 | 3342 | 564 | 2249 | 12,1 | 35.0 | 5041

| 6= 7| 22e4 | 113 | 3347 | 55ek || 2146 | 12,1 | 3347 | 4B
7= 8| 22.0 1l 33eh | 4946 18.2 12,6 3048 | 4744

Mean 18.0 11.6 2906 52.‘} 20,2 12,1 32.5 4940

10 -« 11 (| 23.6 11,7 35¢3 | 4746 2044 104 30.8 | 41.2
11 =22 28,8 | 22,1 | 29,9 |45.3 | 20es | 20u | 30.8 | 42.3
12 =13 (| 29,7 | 22e6 | 3243 |47 | 2445 | 2044 | 349 | 4246
13 - U || 172 | 2046 | 278 |une9 | 22.6 | 204 | 33.0 |42.5

Mean 19.8 11.2 31.0 14-602 22,0 10.4 3204 41.6

Hay Coneentrate | Hay Concentrate

Period I 8601 86.3 8600 86.2
Period Il &.5 86.5 &}09 8605
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APPENRIX 11T
Mean Daily Dy Matter Intakes end ¥ilk Yield (1b,)
Changeover Treatment
JEEKS FRIESIAN 2 AYRSHIRE 7
oF

TRIAL Silage | Conce | Total | Milk (| Silage | Conc. | Total | Milk
Intake | Inteke | Intake | Yield|| Intake | Intake | Intake | Yield

2349 133 372 | 51.6 15.6 10,5 26.1 | 31.1
19,0 | 13.8 | 3248 | 49.8 || 16,5 | 10,5 | 27.0 | 34e7
21,0 | 1349 | 3449 | 48.1 || 15.0 Ba9 | 2349 | 341
175 | 13.7 | 3142 | 4heB || 1942 7.2 | 2644 | 3244
15.9 12,0 279 | 4543 L7 649 21,6 | 29.6
18,1 | 12,0 | 30,1 | 434 | 184 6.9 | 25.0 | 3046
19,3 | W04 | 29,7 | 38.2 | 194 6ol | 25.8 | 27,2
2043 | 10u4 | 3047 | 424 | 1846 5¢2 | 23.8 | 27.9

W
L]
O ~N N v F W N

Mean 194 124 3148 | 4545 17.1 7e8 2449 | 31.0

Hay liay
10 = 11 || 2248 | 1leh | 3he2 |Uhhols | 2048 |  4eB | 25.6 |21.6
11 « 12| 18,5 | 1la4 | 2949 | 40ek | 2644 3¢5 | 2949 | 22.9
12 = 13 || 22,0 9¢9 | 31e9 | 3649 | 2345 3¢5 | 27.0 | 19.1
13 = 44 || 21.2 867 | 2949 | 3841 | 2440 3¢5 | 2745 | 2040

Mean 21.1 10.“- 5105 5909 23.7 3.8 ' 27.5 2009

Mean Porcentapge Dry MNatter

Roughage | Concentrate | Roughage | Concentrate

Silage = Period I 2449 8643 29 86.3
Hay - Period II 8oy 86.5 3TN § 86.5
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APFENDIX II1
Changeover Treatment
WEEKS FRIEBSIAN 5 AYRSHIRE &
oF

TRIAL Hay Cono. | Total | Milk Hay Conge | Total | Milk
: Intake | Intake | Intake | Yield || Intake | Intake | Intake | Yield

233 1 9 32.6 | 38.9 154 | 1043 2547 | 416
21,1 845 | 2946 | 3849 || 2246 | 1045 | 331 | 3747
22,2 846 30.8 | 390 22,7 10,5 332 | 37.1
2543 846 31e9 | 3943 21,1 Je3 e | 35.6
2645 Be7 | 3542 |40s0 || 2044 845 | 2849 | 3lek
2646 Se7 353 | 4047 2045 T+6 28.1 | 25,1

23¢2 8.6 21,8 | 35.9 2049 6.3 272 | 2349
234 8.6 32,0 | 3644 22,8 4e6 274 | 22,7

&
]
o ~N 0w W N M

Mean 23.7 807 3206- 5806 20,8 805 2903 31-9

E

Silage
10 - 11| 22,3 649 | 29.2 | 33.2 || 2241 3¢5 | 25.6 | 20,1
11 = 12| 23,7 6.9 | 3046 | 33.6 [ 18.3 3¢5 | 21.8 |19.9
12 - 13| 21.3 649 | 28.2 [ 32,0 | 4.8 3.5 | 18.3 | 18.9
13 = | 22,6 645 | 29.5 | 3244 || 2043 3.5 | 23.8 | 1940

llean 2245 649 294 | 32.8 18.9 345 22,3 | 19.5

Mean Percentage Dry MHatter
Roughage | Concentrate | Roughage | Concentrate

R&y - Period I 8640 8642 8606 8603
Silego - Periocl ni, 21‘-07 8605 2‘&-09 8605




uu"u.n Treate PERIOD I (Weeks) PERIOD II (Weeks)
Breed | Went 4
g AT LR R TR R e TR B

IF | H/H | 4els5 | 4408 | 3488 | 3480 | 410 | 3490 | 3431 | 3481 | 3491 | 3486 | 3,82 | 3.89 | 3.95| 3.88
2F | S/H | 425 3465 | 3466 | 5¢12 | 4428 | 346k | 536 | 4e35 | 4e26 | 3451 | 3410 | 4422 | 3.85 | 3.66
34 | B/H | 3,08 | 3450 [ 4400 | 3030 | 349 | 3e0k | 369 | 3471 | 3e57 | 3450 | 3465 | 3460 | 4el0 | 3.79
4A H/S | 384 | 3.90 | 3.50 w.uu 3020 | 418 | 3400 | 3422 | 3a54 | 3462 | 3460 | 3459 | 3460 | 3.60
S5F | B/S | 3438 | 3418 | 4e31 | 3420 | 3416 | 3ely [ 3.16 | 3460 | 3440 | 3460 | 3490 | 3464 | 3.70 | 3.7
6F | 3/3 | 3461 | 360 | 3438 | 3482 | 3468 | 430 | 3e84 | 3410 | 3468 | 3478 | 3470 | 3495 | 3.65| 3.76
A | S/H | 4e30 | 4ed0 | 3459 | 3476 | 2468 | 3462 | 4o12 | 3481 | 3475 | 3469 | 3o | 4029 | 438 | 3499
104 | 5/ | 4el2| 400 4el2 | 4a10 | 3091 | 4e29 | 4el5 | 4e00 { 4408 | 4e09| 3490 | 3.95( 4e30 | 405




PERIOD I (Weeks)

PERIOD II (Weeks)

n-ﬂon Troat~
TR el B T - Seh S B I 7 | 8 |weigntea| 1 2 3 | & |Weignted
lean Viean
by B/H | 12,73 | 12445 | 12,38 | 12,09 | 12,64 | 12,10 | 11.70 | 1245 | 12,31 | 12,50 | 12,46 | 1240 | 12,52 | 12.46
2F | S§/H | 13,08 | 12,38 | 12,20 | 13,11 | 12,54 | 12,38 | 13.60 | 12,68 | 12,7 | 11.96 | 11.8, | 12,81 | 12,52 | 12.28
A | B/ | 12,52(12,30 | 12,38 | 11,80 | 11,99 | 11,52 | 12443 | 12,34 | 12,15 | 12,08 | 12,17 | 12,26 | 12,99 | 12.37
A | H/S | 32.4712.35 | 12,06 | 12.56 | 10,72 | 12,27 | 11,02 | 11,16 | 11.78 | 11.82 | 11,80 | 11,72 [ 11.83 | 11.79
S5F | H/S | 11,92 | 11.47| 12,58 | 11,64 | 11.48 | 11,70 | 12,12 | 11.78 | 11.8; | 12,20 | 12,22 | 11.98 | 12,12 | 12.15
60 | §/8 | 12424 | 11,90 | 11462 | 12,06 | 11,90 | 12,32 | 11,98 | 12,12 | 11,91 | 12.44 | 12,22 | 12.56 | 12,06 | 12,32
7A | S/ |13,15| 12,69 | 12,00 | 12,28 | 11,2 | 11.68 | 12,32 | 12,15 | 12,20 | 12,18 | 11,95 | 12,50 | 12,58 | 12.28
104 | §/8 112,62112.41112.481 12,361 12,25 12,521 12,14 | 12,561 12.41 | 11,91 11.73112,28112,58] 12,12
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PERIOD I (Weelks)

PERIOD II (Weeks)

Treat-
and sont
Breed :
1 2 3 N 5 6 7 8 | Weighted | 1 2 3 4 | feighted

. liean | Mean
w H/H | 2,53 | 245 | 2.78 | 2481 | 2484 | 2,71 | 2489 [ 2,92 | 2,73 | 3.08 | 2499 | 3405 | 2,99 | 3.02
2F S/H | 3213 | 3406 | 2484 | 2476 | 2475 | 2e96 | 2,98 | 2,87 | 2492 | 3415 | 3435 | 3427 | 3426 | 3425
3A H/H 3402 | 2499 | 2495 | 3404 | 2.99 | 3.01 | 3.12 | 3.13 3403 3021 | 3412 | 3012 | 3.12 Selly
LA H/s 3049 | 3026 | 3422 | 3,11 | 3411 | 3.78 | 3440 | 3426 331 3037 | 3432 | 3432 | 3619 327
5P H/S | 3409 | 2.82 | 295 | 2¢9% | 3601 | 316 | 3e34 | 3.06 | 3404 | 3617 | 2491 | 3404 | 3014 | 3406
6F 8/ | 325 | 2,77 | 2e70 | 275 | 2676 | 2480 [ 2,93 | 2496 | 2.86 | 3419 | 3e34 | 3e49 | 3621 | 3.30
TA §/u 3658 | 3406 | 2,91 | 3401 | 2,97 | 2495 | 2.93 | 2.0 304 3632 | 319 | 332 | 3632 3426
10A §/5 | 3419 | 2,91 | 2,85 2,98 | 2,96 | 2.94 | 2487{ 3411 | 2,97 | 295 2.97| 3.12| 3.01| 3.01




PERIOD I (¥eeks)

PERIOD II (Weeks)

153~

Treat-
ment
1 2 3 4 5 6 7 8 Weighted | 1 2 3 4 Weighted
} Mean Hean
1r B/H | 5407 | 5606 | 4498 | 4e76 | 4086 | 4080 | 4080 | 5.06 | 4092 | 4093 | 4eT7 | 488 | 4488 | 4491
a4 S/B | 4076 | 4e86 | 4088 | hoiils | 4e77 | 5090 | 5e57 | 4063 |  4o75 | bolsD | 4aT5 | hoTh | heT6 | 4eb7
34 H/H | 4090 | 45098 | 4060 | 4070 | 4083 | 5083 | 4009 | 4082 | 482 | 4a7l | 4eT9 | 4088 | 4085 | 4480
LA H/S | 4036 | 4e51 | 4053 | 336 | 3652 | 3458 | 3490 | 4403 | 401 | 420 | 4023 | 432 | 4o3h | 4e27
5F B/S | 5o77 | 5063 | 4466 | lhoTlh | 2067 | 175 | 4e91 | 4058 |  4e7l | 4271 | 4obL | 4ob1 | 4e50 |  4.60
6rF 8/5 | 4e66 | 4oT | loTl | ol | 4e63 | iok3 | 4036 [ 330 | 4457 | heB0 | 4055 | bokB | 4e39 | 456
7A S/ | koS58 | 4o76 | 4682 | 4465 | 5eT9 | ho5lh | 4057 | 4eTB | 468 | hohS | LoD | 4422 | 436 | 437
A | 5/5 | 4eT2 | 4e67 | o2 | 4e59 | 4ebL | 4060 | 4ali | 4069 | 4e63 | hol | 4e32] 4452 4e55| 4ol
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AZTENDIX  III

2aBLE  (xiii)

Analyges of Hay

Percentage of fresh matter " - > o
- Delfe | CoPs | DsCoPs | SeBs | Dye (Ools) | DoOSM,
25/12/68 | 8842 | 7420 | 3431 | 4040 64e2 57.6
Y 1/69 | 870 | 8490 | 4e89 | 4249 |  6h4ed 60.2
8/ 1/69 | 8641 | 9465 | 5463 | 4040 648 6041
15/ 1/69 | 8648 | 9420 | 5,09 | 4249 651 60.7
22/ 1/69 | 8643 (10,00 | 5.92 | 40,0 6348 5943
29/ 1/69 | 8549 | 8425 | 4436 | 4249 6547 61.1
5 2/69 | 8642 |10.25 | 6419 | 40,0 Glpols 59.8
12/ 2/69 | 8549 | 9480 | 5477 | 4249 69.2 6348
19/ 2/69 | 8547 | 9eb5 | 5445 | 4249 6949 6lpe5
26/ 2/69 | 8640 | 9470 | 5.70 | 40,0 6540 6043
5/ 3/69 | 8543 | 9480 | 5.82 | 46.2 el 65.6
12/ 3/69 | 8248 | 9430 | 545 | 40,0 62,9 5947
1Y/ 3/69 | B4el | 9475 | 5476 | 4249 67.0 6245
26/ 3/69 | B4he9 (20,05 | 6405 | 40,0 6344 60,0
2/ 4/69 | 83:9 | 9470 | 5.75 | 40.0 6345 5945
9/ 469 | 84S | 9490 | 5491 | 42.9 6347 61.8
16/ 4/69 | 8642 | 9495 | 591 | 42.9 6545 6146
DM, = Dry Matter S.E. = Starch Equivalent
A oo AN i S g

D.OH, = Digestible Organic
Katter
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APPBENDIX g;
TABLE (xiv)
of 3 C Q!
' -,
‘.}':;ka Cow Percentage of {resh matten of‘ mt:gr
Number
Trial & : e ;
Dolle { Col’e &)ocopo{ Uebie Dy.(U.rn.) L DU olie
2 26,7 | 420 | 2477 | 1244 Thed 6546
6 25¢3 | 3495 | 2457 | 1145 737 6402
0=2| 2 |250704e15| 2077 |20e5 | 724 | 637
1‘\.‘ 215.1} 3 . 30 2.‘}6 ll.l 73.0 ! &.2
2 25,7 | 420 | 2488 | 11,5 73.0 Y‘ 6349
6 254 | 3495 | 2457 | 11.6 737 | Slels
. iy 2403|3495 256 |10.8 | 72,2 | 63.2
2 243 5.80r 246 | 11,0 72.9 T 6348
21}.2 4.00! 2.66 ll.} 73.0 65.1
b8l 7 | 245 |4e0| 2077 [100 | 730 | 63.7
10 26l | 4020 | 2,77 | 12,7 Tiaob ) 6645
g Qe u.:-;,'g 2,87 | 11,7 /R W} 6546
6 25,9 4.10} 2.77 | 1244 748 ‘ 6646
6 =8| 2 | 266 |4.20| 2.88 | 225 | 7345 6641
10 | 206 [4e20| 2.87 [100 | 77 | 63u4
| | |
I 273 | 4450 | 2495 | 1247 | 73e3 | 6549
0.2 ¢ 2740 | 4e35| 2488 | 124k | T3l | 6542
10 2446 | 4e15| 2.87 | 11.5 L 7345 65.2
N 25,0 | 415 | 2,86 [ 10,6 | 715 62,9
5 2pe5 | 410 | 287 | 11e3 | 7347 647
120 6 23,8 | 4.05| 2476 | 10.8 L Tk 63.9
' 10 25.7,! 4.251 2.88 A 11.9 ,] 7}06 | 65.1




