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N TRODUCTTIO

PART I - MILKING EXPERIMENT

The productivity of an animal depends
on two factors, its potentiality, which is governed by
its hereditary make-up, and the extent to which that
potentiality is allowed to develop, this being regulated
by the environment that characterises the habitat, The
effects of genotype are obviously shown by the differences
between breeds of stock in the amount and quality of meat,
wool and milk they produce; but within breeds these
effects are not so apparent though they have been conclusively
demonstrated, e.g. yield and quality between flocks of
Romney sheep.

Environmental influence on productivity
is limited at the maximum level by the genotype, i.e.
no matter how good the environment, the animal cannot
produce more than the maximum ordained by the genes it
possess es, Conversely, below the genotyﬁic ma ximum,
the environment can regulate the ceiling level of production.
This interplay of factors is well illustrated by the
adaptibility of different breeds of sheep to different
ha‘pitats. € g+ the Romney is predominant in the North
Island hill country while in the South the Merino and its

crosses assume a greater importance,

Within a population with approximately
common genotype, e.g« & single floeck of uniform hréea,
the effects of environment below the threshold set by the
genotype can be widely varied, e.g. the growth of lambs in
a drought can be sev.erely set back. It is with the
effects of a particular factor of environment, i.e.
nutrition, on the milk production and lamb growth of such
a population that this investigation is concerned.

MASSEY AGRICULTURAL COLLEGE
LIBRARY PALMERSTON NORTH, N.Z.



Owing to the small size and the varied
topography of the country and the latitudes in which it
is situated, the climate in which sheep farming is practiced
in New Zealand varies greatly from provinece to province,
from county to county and even from district to district.
8oil and configuration changes @&re rapid and soil gquality may
differ widely in adjoining properties ~ these changes are
naturally accompanied by differences in type and quality
of vegetation and in the guantity and quality of the food
avai lable to stock.

The systeme of sheep farming prevalent
in New Zealsnd necessitate the moving of sheep from one
type of country to another at different stages of their
lives, so that they are called upon to préoduce in markedly
differing environments within the space of a few years.
The‘rat-lanb farmer depends on the hill-country man for his
supply pt ewes to be mated with Down rams; ewes for the
hill-country breeding flocks move from the stud farms to
the hills and the flocks on the poorer and higher hill-
country obtain their replacements from thosé€ on the easier
land. There is a constant flow of sheep from one farm
to another, one district to another and from one environment
to another. It is of interest and practical value to know
what effect this variastion in living conditions has on the
milk of the ewe.

The importance of studies on the milk
secretion of non~nilk1ng‘breeda of sheep has been stressed
by other investigators viz. Bonema (1939, 1944), Vallace
(1948) , Barnicoat, Log#n and Grant (1949), Ritzman (1917),
Fuller end Kleinhanz (1904) Niedig and Iddinge (1919), and
Pierce (1934, 1938).

The main justification of such studies

would appear to lie in the dependence of the lamb on the
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milk yield of its mother for its early growth and
development. Vool and meat are the major products of
the sheep industry in this country and, of the maat,
fat-lambs make up the greater portion (1949~50, sheep -
15268,000; lambs ~ 12,719,000 slaughtered at Export
Vorke (Census sna Stats. Deptes NoZe, 1951) ).

The research studies of Hammond (1952),
‘McMeekan (1939) and Wallace (1948) have emphasised the
importance of a high plane of nutrtion in early 1lifé to
allow the young animal to grow to the fullest extent
that its hereditary potentislities will pgrmit;‘-the rate
of growth pleys an important part in the final development
of the animal; the fastest rate giving the best developed

and balanced and the largest ecarcase,

A well grown animal is required both by
the fat-lamb exporter and the breeder of flock replacements;
the former looks for the lamb that will produce maximum
meat of the best quality in the shortest time, whiech is
achieved by produeing lambs "fat off the mother". The
breeder needs a young animal that will produce a good
fleece, rear its lambs well, produce for a number of years

and provide a ppofitable carcase at the end of its useful

_~"1ife. These standards will only be met by stock which

have been themselves reared underocptimum conditions, which
involves a high nutritional plane in early life, i.e. they
must be the progeny of ewes with a plentiful milk supply.

The milking experiment laid down here was
designed to furnish information on the milk supply of the
Romney ewe and the growth of her lamb under different
planes of nutrition, the sole feed of both groups being
natural pasture. It commenced soon after tupping in
the autumn and involved following the lactations of over

‘thirty ewes through an average lactation of fourteen weeks.
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Chemical analyses on milk samples were done throughout
this time and the results compared between planes and

between stages of lactation.

Liebig first pointed out that the

differences in the composition of milk of various species

is related, in a general way, to the shape and slope of

the growth curve. Different species require different
lengths of time to double their birth weight, the length

of time being inversely proportional to the concentration

of the various milk constituents, e.gs Espe (1941) summarised
this in a table of which the following is an extract :~-

TABLE I
RELATIONSHIP OF GROWIH RATE TQ MILK COMPOSITION

ay & required |__ Compesition of milk pergﬁ_qt 1

to double Phosphori q
Species |Birth weight | Proteins | Ash | Caleium acid
Horse (e} 2.0 0+3 0.12) 0.131
Goat 22 3«7 0.8 0.197 0. 281
Sheep 15 1e9 0.8 | 0.245 0.295
Cat 10 740 1.0 - -
Rabbit 6 1044 2.5 0,891 0.997

Little is known of the effect of the
composi tion of the milk on the growth of the young within
a breed but Gaines has obtained & high correlation between

fat percentage and energy yield of milk. In this
investigation an attempt has been made to compare the

relationships between lamb growth : milk yield and
lamb growth : milk energy.
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PART I1 - WEAWING EXPRRIMENT

Since the production of lambse is of such
importance any study which aims at increasing the efficiency
of that production is worthwhile. In this investigation,
in conjunction with the milking experiments above indicated,
other experiments were laid down to determine the effects
of early weaning and inoculation with rumen micro-flora on

the growth of lambs.

Current practice is to wean lambs when they
are in the vicinity of 70 pounds liveweight, i.e. when
they are 14 - 16 weeks of age; it would be of considerable
advantage if they could be separated from their dams

(without harm to the carcage produced) some weeks earlier,

Firstly, management would be facilitated,
The ewes would be removed from competition with their
lambs for feed and could be removed to the poorer parts
of the farm, leaving the better areas for the lambs and
other more needy stock. If the ewes were to be sold
off the place they could be quitted earlier when they would
be in better condition - feed would be saved that could be
used for the fattening of store stock thus resulting in
a direct increase in the production per acre. If they
were to be kept for mating again, the ewes would be very
useful for controlling growth, for "cleaning up" and in

general pasture management.

Secondly, the shorter lactation period
involved would be beneficial to the ewes themselves. It
would give them a better chance to recover from the effects
of bearing and rearing the lamb which means they would
sooner be fit for mating again. It would lmve & beneficial
effect on the wool production, for Bosman (1937) has shown
in South Africa that while pregnancy does not influence the
fibre fineness of Merino wocl significantly, lactation and
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the suckling of the lambs reduce the fibre fineness,

the fleece denasity and the wool production appreciably,

Thirdly, 1t hse been shown that the
correlation between the yield of milk and the weight
gains me de by the lamb decresges rapidly towards the end
of lactation (Wallace, 1948). This relation is also
apparent from the curves for mlilk yield &nd lamb growth
obtained by Bonsma (1939} and Barnicoat et al (1919)
i.e. 88 lactation progresses the lemb relies less and
less on the milk of the ewe and more and more on the
other sources of feed available. “Mhe lamb may well be
able to grow & high grade carcase without the long

suckling period which common practice indicates That

N

PART III - . INOCULATION EXPEE

Much work in recent years hss established
th@_impmw@@me& of rumen micro-organisms ih the digestive
processes of ruminant enimale, (various authors) particularly
in the breakdown of fibrous feeds into a form easglly
asgimilated by the animal and in the elaboration of proteins,
sugars and vitamins. When the young snimal 1s born it
lacks these orgenlsms and must secure them from outside

contamination.

The young runinent has a digestive system
sulted for the readlily svallsble food, i.e. milk, that it
is ingesting, a digestive system that resembles more the
simple stomach of the mono-gastric animal then the complicated
syetem of the ruminant snimal. As its diet changes from
milk only, to milk and forage and finally to gli forage,
the characteristic ruminent digestive systenm ls developed.
The animal with this digestive system is much more efficient
in utilising fibrous feeds than the one with the sinple

stomach and therefore the sooner this system can be developeq
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the greater will be the utilisation of fodder and the
greater will be the welght gains made, leading to more

efficient production.

Various studies have been made on the
methods of observing, identifying and describing the micro-
organisms of the alimentary tract of ruminants notably
those of Smith and Baker (1938), Pearson and Smith (1913),
Van der Wath and Mayburg (1941), Baker (1943, ﬁ%@?};

Moir (1951), William and Moir (1951) and Gall and
Huhtanen (?@ﬁﬁ}@ In a serles of papers commencling in
1947 s Pounden snd Hibbs, Conrad, Hibbs, Pounden and
gutton, Pounden, Ferguson and Hibbs, have described
attempbe to increase the speed of development of a typical
rumen nicero~flora and fauna iﬁ @m&ry calves by inoculating

them with rumen contents or cuds taken from mature animals.

Cuds were taken from the mouthe of mature
cowe and placed straightway in the posterior of the mouths
of the calves; microscople exeminations of rumen contents
were made snd the stage of development of the mirco
population judged by the i@@m%ifﬁmﬁ@imm of several species
of bacteria believed to be associpnted with the normel
population. Gram stained smesars and direct &hﬁ@yéﬁ%imm

ware the methods used.

They found that the uninoculeted calves
took much longer to build up the normal populstion than
the inoculated ones even when they were on pasture together
and that when uninoculated calves were lsolated from other

animals the rate of bulld up was very slow lndeed.

Inoculated calves suitably fed {the diet
e 2o Pratic of grain to hay, can markedly influence the
numbers and types of orgenisme present in the rumen)
maintained the most satls factory level of sscorbic acid in

the blood plasma during the first few weeks of age. They
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had smoother coats and & general more healthy appearance
than similerly fed but unincculated calves. The
inebility of calvee on pasture to get the characteristic
miero=~organisme had no effect on gain in welght or general
hesalth snd the explanation of this sppesrs Lo be that
substitute organlsms can do & crediteble Job; however,
the polnt is made that micro-~organisms that hsve developed
over a long period of time in the environment of the rumen

can be expected to funciion most efficiently in this organ,

In a later experiment, Conrad et al (1950)
found that when roughage constituted the entire dry feed,

cud inoculations aided in providing micro-organisms which

becone established in unincoulsted calves,. ™

55

inoculations were observed to stimulate hay consuumplion

gt an earlier age than when no inoculastions were glvens

&

When calves were ralsed in segregation
from other snimals and without Inoculstions, no differences
in welght gaine was noticed but there were differences in
appearance, the unincculeted calves being "poi-bellied"

and rough coslbed.

A preliminary trial was therefore carried
cut to investlgate the possibilities of & like procedure
with lambs, the measure of effect being thecomparative
gains made by inoaulatm@xlﬁmb& and & control group over a
gpecified period. If the results are satisfacltory and a
suitable practical technigue can be devised, a further
increase in the prowth rate and the efficlency of production

may be oblalned.
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OBJECTS OF THE INVESTIGATION

The experiments reported below find
ample justification in the conslderations set out in the
foregoing paragraphs; +the objects of the work msay be

briefly summarised thus 3

1« A study of the effect @fww lowered vlene of nutrition
on the Romney ewe with &p@m%al reference to -

(a) Milk yield.

(b) Energy yield.

{(¢) Composition.

(a) Growth of the lamb in relation to (&), (b) and (c).

2. A study of the effect of early weaning of lambs on

thelr subsequent welght gaine and slauvghter greadings.

3e A study of the possibilities of increasing the growth
rate of lambs by inoculation at an early sge with rumen

mioro=-flora oblained Prom msbture sheep.
B



PART I -~ MILKING EXPERIMENT

EBxperimental Methods and Materials

The experiments were carried out on the
nutrition block of the Massey College farm, an area
consisting of top=-dressed snd limed pastures of a high
guality, predominsntly perennial rye (Lolium perenne)
and white clover (Trifolium repens). The soil is heavy
cley and the district (Kailranga) is notorious for foot-
rot.

(a) Ewes

The animals used were 36 Romney pure~bred
ewas that had been previouvusly milked in experiments
conducted by Barnicoat et al over the last h years; at
the beginning of 1951 they were in their fifth year of

age. They were mated to Southdown rams.

The ewes were separated into high and
low plane groups on the 18th May 1951, before which time
they had all received the same treatment.as described
for the high plane group below. From the previous records
of milking performance each ewe had been given a "Performance
Rating" (ﬁ%rmiaa&%s 1949) end it was therefore possible to
divide the 36 animals into those with high ratings - above
the average - and those with low ratings - below the average.
Houal numbers of these, l.e. highs and lows, were selected
at random fto go into the high plane and low plane nutrition

ZrOUD S

The reting value was compiled from data
on the number of lactations put up by the ewe, the number
of lambs resred each time and in total, and the growth
in weight of the lamb(s) from six to twelve weeks. The
latter was taken as Iindlcative of the amount of milk
secreted by the ewe over this period. Barmicoat et al
;(49b9} found a high correlation between lamb growth and

milk yield over this period.
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The high planes were rotated around the
twenty, one-acre fields of the front portion of the
nutrition block along with the other stock being carried
and managed in accordance with good fat-lamb farm
mana gement. The low plane of nutritioq was achieved by
confining the group to a small area so that the feed to
which they had access was insufficient to meet their
needs and appetites. No actual measure of intake was
poseible and the only guide to the state of nutrition
of the ewes was their appearance (as judged by the
nutrition block manager) and the weights taken at approx-
imately fortnightly intervals.

The aim of this method of rationing was
to simulate, as far as possible, the plane of feeding
that would be available to hill country sheep in a similar
climte - how far this was achieved will be discussed in
a later section. The live-weight growth curves of the
ewes show that there was considerable difference in the
changes of weight between the two groups over the
experimental period and it is quité apparent that the

two planes of mutrition were markedly different.

Low plane ewe with lambs (nearest ewe).
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High plane ewe with lamb.

The paddocks in which the low plane
group were kept were four that had been eaten out with
wethers prior to the 18%th WMay - one was on the top of
a r&&g@ that bounded a gully and the others contained
portion of the gully. The growth of pasture in these
paddocks was controlled by incressing or decreaping the
stock in them by putting in or taking out wethers and/or
other dry sheep. treat ALfCiculty was experlenced in
keeping the feed low enough and yet not too greatly |
trampled and solled by stock - full credlt must go to
the manager snd farm staff for the way in whiech they

controlled this difficult sspect of the investigation.

For the purpose of comparison, empirical
caleulations were made of the sheep carried on the high
and low plane areas over the months of the experimental
treatmen t. The high plsne scresge was taken as the
basic standard and the low plane area worked out to an
equivalent scresge of pasture of sinmilar value. The
hiilin@&@ of the paddocks, the state of the pasture and
the treatment the grass recelved were t8ken into account
in determining that one acre of the low plane area was
@@uival@mt in feed value to three-quarters of an acre of

the high plane area. The stock carried per acre in
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ewe equivalents was worked out for both blocks and the
low plane ewe equivalent figure mulitiplied by 1.33 so
that the reéldiive carrying capacities could be compared.

These are the values that appear in Teble 2.

TABL E 2

BAUIVALERNT CARRYING CAPACITIES OF THE
HIGH AND LOV PLANIE ARKEAS
IN EWVE BECUIVALENTS } AGRE { CORRECTED)

ilonth
Group May dJune July August September October
High Plane| 6.8 5.3 | Be2 Be7 7.8 7.0
Low Plane 116 9&6 8.8 8«-&» S‘}n% 8o

During the months following Ocltober, cattle
were run in all paddocks and the stock carrying figures
became even more difficult to calceulate and then in
Noverber the low plane group went on to feed that was
very re arly as good as that which the high plasne group

had,.

In the high plane group four ewes were
dropped from the experiment for one reason or another,
vizs
Nos76 — Dry.

Wo, 56 - Died early in September,

Ho,101~ Killed in August because of sickness,

NoehO - The lamb, & single, was born dead and a foster
from a set of triplets also died; a successful
foster was made with another lamb but by the
time the ewe was able to be inecluded in the
milking group it was over two weeks since ghe
had lambed &ndy,; though she was milked right
through the experiment, her record was discarded
ag being abnormal.

With these animals excluded the high plane
group conslisted of fourteen ewes, eleven with single lanmbs

and three with twins.



Two ewes were dropped from the low plane
group for similar reasons @

Woo 6 = Laub died 2F days and the ewe had no milk; since
all other ewes in this group (except ﬁ?@} produced
end reared a lamb, the assumption that this lamb
died from csuses other than the trestment imposed
is considered justifisble.

Hoe 319 =~ Dry.

These omissions left, in the low plane
group, sixteen ewes, twelve with single lambs and four

wlth twins.

Very fortimnately, two spare ewes that had
received exactly the same treatment as the high plane
group and which had come from the same original milking
groups of the previous experiments were availeble - Ho.

89 which produced twins, and No.408 which produced a
gingle. These, when included in the high plane group,
brought the numbers up to those of the low plane, i.e.
twelve gingles and four twins, and &lso made even the

"Performance Rating" distribution.

No.88 in the high plane group gave birth
to twins but reared only one of them (Lamb No,423) and
her record was included with the ewes rearing singles.
This would appesar to be justified from & comparison of
her milk yield and the growth of her lamb with those of
the other ewes and lambs in the experiment and also from
the finding of Wallace (1918} that -

“"lactation curves ... should be regarded as no less typical
of the progeny reared than of the ewe herself, "

Logen (19@6) also found that it was the muwber of lambs
reared and not the number suckled that determined the

level of milk production.
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(b) Lambs

411l lambs were welghed within three
days of birth and this welght is that referred to as
"pirth weight" throughout this report. Logsn (1946},
who guotes Hammond (1932) and Donald and MeLean (1935),
investigated the reliability of three~day welght as an
@&tim@%& of birth weight and found that it is satisfactory -

the same procedure was therefore adopted here.

For following the welght Iincreases of the
lambe, use was made of the weighte recorded on milking days,
the one taken being the first one after shutting sway from
the ewes, This "full weight" was chosen because of the
great variablility in the welght losses of the lambs over

the 2k hour milking period (range of O - 1% 1bs).

A major difficulty in comparing the
wel ght g&iu@ made by the different lambs was that the
welghts were sll recorded on the seame day and thet on any
particular weighing day the lambs were at different ages.
Bonsma (ﬁ§§9} obtained mmﬁﬁ accurate records of the
welghte at regular tinme intervals by use of an age
correction formula but since the lembs in this experiment
were welghed at irregular intervals this method could not
be used. The method employed was to plot the recorded
welghts on a graph and read off the weight at any given
time by interpolating from it,. While 1t was realised
that the method was open to error, it was considered to
be sufficiently accurate for constructing average growth
curves and for obtaining changes in weight over a period

of sone weeks,

This same problem of irregular intervals
between recordings of data was met throughout the whole
investigation. It arose from the fact that the sheep

were run as part of a large flock and the management of

the experiment had to colncide with the management of



the whole, resulting in considerable increase in the

difficulty of analysis of the data.

{e) ¥ilk Vields

Barnicoat et al (1949) explored the various
methods of measpuring the milk ylelds of non-mllking breeds
of gheep, m%m&mmgm&@% machine milking, pltuitrin

injections and the welghing of the offspring before snd

#

after suckling; this latiter method proved by far the
mosd efficient. Hand milking is, of couprse, sppllicable
to ewes of milking breeds and meny studies ol performence
and composition have been made: Velser (1921), Muhlberg
(1936), Maule (1937) Cardas and Nica (1947) Aritman (194.6)
and others. Fuller and Kleinhanz (1904} have shown that
hand milking is unsatisfacitory for the non-millting breeds
and that lawmbs take more than double the amount obtained
by hand nilking. The method they used, that of welghing
the lamb immediately bveflore and after suckling, the
difference in welght being the yield of milk, 18 reliable
and has been widely employed: 1n sheep by Weldig and
Iddaings (1919}, Pierce (1934) Bonsma (1939, 1944}, Vallace
(1948) Barnicoat et al (1949) end in pigs by Gohern (1865),

G

Henry and Woll (1897), Carlyle (1903), Davies (1904),
Ostertag and Zuntz (1908), Schmidt and Leuprecht (1926},

Hempel (%ﬁ»%}y Qlofsson vhes and

Hart (1935}, Bonema and Costhuizen (1935},

%

and Bell (1944},

The technlique and procedure described by
Barnicoat et al (1949) was essentially that followed in
the present investigetion. Hilk yleld recordings were nade
twelve times over a fourteen-week periocd and the total yields

caleulated from a lasctation curve drewn from this data.

Ho ewe wos milked until her lawb: was at

legat three days old and sgince the early milkings were

always done on a Friday or & Saturday, this mesnt that
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each ewe was milked before she reached the tenth day
of lactation; the average figure wae eight days. The
- first milking was done on the 17th August, 1951, and the
last, the fourteenth, on the 13th December, 1951, the
average number of records per ewe, excluding those in
the low plane that went dry, being eleven.

The lambs were shut away from their dams
- at 11 a.ms on the moyning that milking was to commence.
The shed to which they were confined consisted of three
lamb pens, each about twelve feet by ten, with a board
floor, a central weighing pen and the ewe bails on the
other side, five in nuaber; a small race at the back of
the ewe pens gave the ewes access and egress to and from
the accompanying yarde. 'The shed was partly roofed but
as an additional precaution against bad weather the whole
atmctm;e was thoroughly covered in with large stack
tarpaulins, making a weather-proof and comfortable shed
in which to works The floors of the ewe pens and the
large weighing pen were covered with sheep gratinge and
the lighting came from four large globes suspended from
the rafters,

At milking time the ewes were brought
from a nearby paddock, where they had been placed at the
time of separation from the lanmbs, into the small yards
adjacent to the ewe milking pens. To facilitate the
identir;aation of ewes and lambe the high and low plane
groups were kept separate as it was easier to work with
the emaller numbers, The low planes were always milked
first, the other group meanwhile being left in a backyard
until their turn came - it was considered better to bring
this last group in at the same time as the low planes
because they appeared to be less disturbed if they waited
their turn in a small yard that sbutted the lamb pens

than if they waited some distence away in the paddoek,
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Identification of ewes and lambs was
made by attaching 2 metal tag bearing the ewe's milking
number on to the wool at the base of the neck and
painting the same mumber on the back of the lamb;
members of twin palrs had the addl tional identiflication

of s large "IV,

Identification of ewe.

Identification of twin lanmb.
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The ewes were let intc the mlilking pens
five at a time: working always from the same end to the
other, the ewe would be ldentlfied, her lamb or lambs
picked out from the appropriate pen, weighed, allowed
to suckle, rewelghed and put into the third lanmb pen -

with two groups of bs end three pens thepre was always
an enply pen awalting the lanbs of the group that was
being milked, Twin lambs were weighed separ: *fﬁ;m y but
were put in with the ewe together so thst nelther received

an advantage,

” o
Lanbs were

metal sling on & steel yard sensitive to 1/ ounce, the

guekling, being taken as the milk yileld of the owe,

=
<4
w

procedure was carried out six times over & twentyw
four hour period snd the lambs® intekes summed to give the
eatimate of the dsily mlilk yield of the ewes. Towards
the end of lactation when the nilk yield had dropped
conniderably the number of mllkings was rediced to five

and, finally, to four, as the

o

wes did not have enough

milk to warrant more frequent sucklings.

The times of milking were 2., H. and
G PaMes Bay 7«30, and 10,30 a.me, the lanbs being let

ogut wlth the ewes

as near to the twenty~four hour

pariod as possible. The ings omitted later were
those at 5 peme and 7,30 asme

e [ N T
gd that

the first

few nilkings the lambes requlred very little time to drink
the milk avalleble and when the btechnique was perfected,
the whole operation of mdlking the thirty~three swes could

be conmpleted in ebout forty minutes.

The sans Loy thet was encountered

with the lamb date arose when the lactetion records
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into the milking routine) and

the most convenlent, latest rellable tinme.

method and perlod were

el B0,

5

Though 1t was reslised that

after lambing

Since the sane

for each of the animsls, the

g of

the EN&Q?Qwﬁﬁﬁi@m

&

method described sbove was of doubtful value in the

estimatlon of the yield of & single

was considered to of

and becaupe it wes

pregent data 4o be ana.
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congideration of the resulite of this

Irregularity of these intervals,

ewe accurately, it

¢

groups

between nllkings,

Wide varigtion of the indvidual readings

leading to dlspimilarlty between the graphed

5

records of the individual ewes,

(@)

Milk Composlition

The methods of obtaining

ples of milk

from non-nilking breseds of & sheep have varied between

Workerse There 1s 1ittle ailffieulty in getil

ng

representative samples from the milking breeds which

are readily milked ovt by hand but this is not so easily

aehieved with mest and wool bhresds ss Puller and

Kleinhenz (190)) demonstrated. [Wiedig snd I

adings (1919)

milked one side of the uvddeyr, while the lamb suckled the

other; Plerce (1934) milked just before the lamb was

allowed to suchkle and hoped io overcome the erroy of

getting "fore-nilk" by milking five or seven times per

days Bonsma {ﬁ*%ﬁ} milked by hend end does not report any

wy"

special method; Barnicoat et al (1919} allowe

to commence suckling just before the operator

cother side of the udder.

& the lanb
milked the
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The latter workers report that the fat
percentage rises during milking in en irregular meanner
and that the fat content of milke from individual ewes
vary considerably between milkings and between " quarters".
Hence it wes most important that the udder be well milked
out and that strict standardisation of technique be
maintained.

In this investigation the samples were
taken at the 5 a,m. milking, This time was chosen
because the long interval from the last milking at night
to this one allowed sufficient milk to accumlate in the
udder to give a sample large enough for analysis; also
because small lambs might not be able to handle the
overnight accumulation of milk, The lamb was allowed
to suckle one side of the udder only, the right, while
the milker gently milked the left side into a small
container - the lamb wae given asbout half 2 minute start
80 that the ewe let down her milk before sampling
commenced. The milk sample was measured into a special
container graduated in ounces and the weight added to
that consumed by the lamb; it was thoroughly mixed and
gufficient for analysis (ebout 50 - 100 ml.) corked up
in & sampling bottle.

Twin lambs were put in one after the
other, the chenge over being made when it was thought
the first lamb had about half the milk -~ this was
difficult to estimate in practice. A different
member of the pair of twins went in with the ewe first
at successive milkings.

Analyeis of the samples was commenced
on the day of samplihg so as to avoid any of them
‘going sour, a difficulty encountered by Logen (1916).
Fat tests by the Gerber method were made on all the

individual samples and composite samples made up from
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these were tested for fat (Gerber), total solids (by
drying) ash, protein (EKjeldahl - conversion factor to

protein 6,38}, caleium (Ce0) and phosphorus iﬁﬁﬁw}%

Bemlts and Dlscousslion

1« Bwe Livewelights

The average lifewelght curves of the

&

ewes are presented in Plg. L. Becsuse tupping was

i?‘%

spread over several we and be

we welghts were

racorded on the ssme dsys for all

ible to compsre the welghts of the ewes at the sane

ptage of pregnancy. The curves were drawn then by
sveraging the weights taken for each group on a
particular day, this belng regarded as the average
welght of the group on that day. lost of the ewes
lambed over & period of thirty-~five days over which no
welghings were done snd though this gtaggering effect

of the welghts tends to smooth the average curves, they
are congidered to be representative of the different
Eroups. The six ewes which lambed outside the thirty-
five day period from 7the¢ August, 1951 to 11th September,
1951 viz: numbers 9, 185, 67, 319, 217, 219, were excluded

from the averapges.

The welghts at tupping, et commencement
of treatment, immediately before parturition, irmediately
after the lambing interval, at end of treatment, and at

the end of the experimental period are shown in Table 3,



Weight (1bs.)

-2y =

160~ .o.

|
l> ol okl / ‘
S f:fs ey 7h 53 33 uJ:Tt-_-/\-» 23 sz 7 os
1538 DAYS BEFORE {AMBING 35 DAYS DAYS AFTER
Days from Lambing,
FIG, I.
MEAN LIVEWEIGHT CURVES OF EWES
High Plane Ewes with Singles (10 ewes) - —~
~do= Twins ( 4 ewes) +---c-cci ‘

Low Plane Ewes with Singles (10 ewes)
~do= Twine ( 3 ewes)

— K — K —X——X—o



Hig ow Plane
Stage ate singl es m“im& 8| Twing
At tupping 18/%/ %4 137 1.6 147
Commencement of
trestment 18/5/ 51 R 15k, 132 157
vifference 8 8 15 10
Before , .
parturition 7/8/54 155 170 126 152
Difference 10 16 - 6 -5
After
parturi tion 11/9/ %1 129 129 100 1014
Difference ~26 | -18 26 | =51
End of ,
treatnent - B/11/ 54 127 184 92 9%
Difference - 2 9 - & - 8
Total welght &/5/
change 19/3/51 =
;{;ﬁmf 51 -0 - 15 - 36 - 52
Ené of
experiment 6/12/ 54 12% 125 105 107
Difference - k. -G 13 ih

High Plane - singles 10 ewes, twins h.

Low Plane =~ sing 3®m 10, twins 3.

&mmwMWE%h%WWMMwﬁ§W§%MaMW
plane ewes were put on to feed that was slightly better
than what they had been getting vp to this deate, the
- reasons for this being -

(i) They were very poor and some appeared to be falling
away in health

(11) The spring flush of grass would naturally allow sheep
on poor country to do & little better about this time
than earlier in lectation.
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™he nmarked depression in the live weights
of a1l the ewes a8t the end of March has no obvious cause,
Exemination of ewe data made avallsble by Barion (19¢ &}

from records of sheep on the Massey College farm showed

&

that 2 similar depression of live welpht occurred sbout
the middle of tupping time in several groups of ewes and
in the same groups year after year. Roberts (1952) found
that the same effect occurred in flocks of both Romney and
Romney Cheviot cross ewes run on the College property.

No satlefactory explanatlon has yet been put forwards

The initial differences in the mean
welghte of the groupe at 15th March, 1951, are non-significar

ag shown by the analysis of variasnoce.

3 p ' Ty
TABLE o
sl

&@§§EJ§&‘£ e &
AT %
Souree oOF
variation s Me 8o B Rasult

Groups 14,29,35 4764 1k 1,80 -
6,369+ 35 2650 39

7 7798, 68

34

B
£

Erroy E

Total

el

eral Mesan - 1%36.6 1bs.
Stendard Deviation = 16 3%
C = 11.9%

The difference figures in the table show
that 81l groups geined in welight from tupping up till the
18th May, 1951, when the low plane treatment began; from
then until lewbing the high plane group continued to
increase in welght while the low pleane group lost. To
lose: welight over the period when the foetug ls maeking
most growth, i.ee. the lmet six weeks of pregnancy (Vellace,

1918) these ewes met have been on very poor rations indeed

and the loss in weight over this time is in marked contrast
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to the upward sweep of the curves for the high plane

group Se

It was surprising that the high plane
groups both showed overall losses between tupping and the
firet post-parturition welght sach & loss was to be
expected in the low plane group but in the high planes 1t
can only be accounted for by the pood condition that the
ewes were in at the commencenment of tupplng. Barton'
datae (1952) showed that the difference in live weight
between tupping end immediately mm@@wx&mﬁim§ tended to
et less as the ewes increased iﬁ Bge. Slnce the ewes
in this experiment were five years old, an age effect may
bhe involveds This also accounts in pert for the total
welght chenge of ~ 10 and -« 15 pounds observed for the
high plene singles snd twine respectively - the strain of

lactation would cause the rest of the welght loss,

As expected, the low plane group steadlly

lost welght after lambing until thelr feed condl tions were

after the lembing intervel.

The greater part of the sudden rlese in welght at the next
welghing would be due to increased matter in the alimentary
tract rather then to ineresse in &@mﬂi%iﬁw% though doubtless
the latter also played a parte The welght losses of = 36
and -~ 52 for the low plane group are much greater than those

of the high plane over the same time interval.

The greater welpght losses of twin bearing

ewas as B t singles was a marked parallel to the millk

vields of the groups, the yield belng directly proportional

to welpght loss.

There wore no differences bebween the

high and low plane groups with regard to lambing percentage,
[l |

mortality ete. that could be put down to the mutritional

treatment; the pertinent figures have been quoted under
"Methods and Materials" and "Lambing Percentages',
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Z2e Milk Yield of the Ewes
(a) Milk Yields

In order to study the total yields and
the distribution of those ylelde over @ﬁ@ lactation perioed,
the mean lactation curves (Pig.II) and Teble % have been

constructed from the Interpolsted dets.

TABLE v §§

HILE YIELDS OF I

1igh Plene Group | Low Plane Group
Singles Twing| Singles 1 Twins

Tumber of lactations 12 b 12 h
Period - Days Average deily yield in ounces
10 - 17 49+ 3 7745 | 138 575
17 - 2 £2.9 75 4 %9, 8 1.7+8
21 - 1 51:.9 6lhe 4 Ghe 6 3.8
31 - 38 48,8 6141 3043 578
38 « L5 1.6.0 6.0 27.7 36k
L5 = 52 13,0 53,0 2he % |- Bhel
52 = §9 38,0 1.5 6 21.8 28.8
59 - 66 Blie 3 37.9 192 25.8
66 =~ 73 32,0 3346 16.9 22,0
75 - 80 28,0 2949 156 19+ 3

Average  L2.3 559 270 55
Average total yields in ounces
10 - 80 297%.6 | 37745 |1812.7 | 2159.8
Standard ﬁ&v&a%iw&
1l mean %mtzm m&&& vield = 2
G =

which did not conmplete M%z@a@%Miwwzﬁw?%@ « 80
3 : they dried off &v&%w the @imw was upy were nob
i%m&mﬁ@m in the average yield for the periocds in which they
gave no milk. They were, however, &%@&m ed in the totel
yieldsgrowth correlation.

,.a%
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It can be clearly seen from the Table
that the groups differed widely in their levels of milk
production, the order from highest to lowest being high

. plane twins, high plane singles, low plene twins and low
plene singless The high plene group produced more than
the low plenes snd within both groups the twins produced
more than the singles. The snalysis of varience (Table
6) shows the difference between planes to be H,S. and that
botween types to be 8, The low F value for the interaction

effect means that twine and singles did not differ in their
reactions to the two planes of nutrition.

P E_ -
YSIS of VARIANCE

"Hource of
variation 88 |af s P |Result
Planes 11,508,00%,0 | 4 | 41,508,003,0 | 22,76 | H.Se
Types 35145,055.9 | 1| 3,145,055.9 | 6.2 Se
Interaction 35, 49742 4 5594972 . e
Error 14155, 71844 |28 505, 5614 4
Total 28,844,274 5 |31

General Mean - 257412 ous,

Stendard deviation- & 694.89 ozs.

c - 7 27.00%

NOTE "“Type" refers to type of birth i.e. single or twin.

The differences in level of production
may be due to differences in level over the early period
when the ewe is produecing most or to differences in
persistency, i.e. the extent to which milk flow 1s maintained.
It is apparent from Table 5 and m. II that the high plane
ewes with twine had the highest initial production and the
low pleme ewes with singles the lowest and that though the
low plane ewes with twins were h:lghgr in the first period
of seven days than the high plane ewes with singles, their
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production £ell off very rapidly so that by the second
period they were well below the latter group, i.e, the
persistency of the low plane ewes was less than thet of the

high planes.

Table 7 shows the average yields for the
successive periods expressed as percentages of the total
average yield. The low plane group produced more of
their total milk in the first two periods than dld the
high plane groups, less in the next four, and in the case

of the singles only. less in the last four.

T ABLE - 7

AVERAGE MILK YIFLDS DURING SUCCESSIVE
WEEKS _AS_PERCENTAGRS OF THE AVERAGE
TOTAL YIRLD

iLgn Plane Group Low Plane Group
Singles Twins Singlesy Twins
Number of
lactations 12 b 12 b
Period - nay@* ) Percentopge Dally Vields
10 - 17 11. 6% 1 e 15 16.0% 16 1%
17 = 24 12. 5 1%.9 e § 13,6
2h = 31 1263 1.9 18:6 1149
31 - 38 1.5 | 1.3 1.4 | 10.8
38 - 15 10.9 1144 1041 10e
L5 = 52 10 &y 9.8 8.9 9.8
52~ §9 9.0 8.5 8.0 8.2
59 - 66 8.1 7.0 7.0 73
66 - 73 7.6 6.2 6.2 6. %
7% -~ 80 6s 4 Be 9 - Beb 5e 3

The filgures are in agreement with the
shape differences of the lactation curves of Fig.II, the
curves of the high plane group being convex and those of
the low plane group tending more to be concave, thus
secounting for the comparative decline in production in

the middle periods.



shows up the difference

in persistency

the high plene groups gave & hl ¢ percentage of thelr
total production than the low plane groups dldof thelrs.
From FigeIl it is obvious that the high plene group

produced at a hi

her level than the low plane throughout
Tactatione These results are ln agreement with the
findings of Barnicoat et al (1949) that (a) feeding
during prepnancy was imporitant for maintalning yield
dquring the latter part of lactation, but had only modersate
influence on total yield and (b) feeding during lactation
wae the primery factor influencing both initisl and total
yieldsa,

The size of the stendard devistions in
Table 2 indicates the great varlebillty of the individual
rPecor di. Caution muat be exercised in drawing conclusions

from these dathsparticularly from the twin groups,; because

of the smell size of the groups. Because of the large
gffect which the number of j ;mwxm suckled hap on the milk
yield as shown by Wallace (1948}, Barnicoat et al €%§%@}g
in the anelysis of the data in this investigation, %wim
and singles have been treated separately; this resulted
of course in a reduction in the number of degrees of
ﬁ@@&@mm in determining the significence of the results and
gome of the WeS8. resulits obtalned may well he due to this

vary small size of groupe.

In meny of the investigations on milk
gsecretion in sheep mentioned in the introduction, estimates
of yield have been made and lactetion curves drawn,

Wallace (1948) reviewed the literature and the results
quot ed by hinm, converted from pounds of milk per week to
punces per day sre shown in Tebles 8§ and 9 along with %%@ﬁ@
of Barnicoat et al (1949) end the present investigstor.

It is quite apparent that the yields obtalned in this

experiment are comparable with the pesulis of other workers.
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Workera Tobe | Pariod

Maller &

(lelnhanz | 1904 | 7th wke 14  [Various |1h.8
allace | 4948 14 |Suffolk | héek
llage 1958 " 22 |BsLe x G | 56.0
Huprray 1952 " 12 |Rommey b6 High Plene
: Single,
Heddig & Southe~
Iddings | 1919 | 0«7 wuk, % down 435 2
" 194¢ v 3 X%ﬁmgmha 76,8
llsce | 101 " 11, 5640
Wallace 1918 . 24 |B.T. x C. 73 6
1935 | 3rd wke 6 |Merino 3% 2
19548 " 14  |Buffolk 2o by,
1908 " 22 1B, L. xC. |88.0
1952 " 12 |Romney £94% | He PuBs
1931, 9th wk. 6 |Merine 22,4
1946 " 1 [Suffolk |58.4
: 1948 o 22 [BeLe x O [38,0
Murray 1952 i 12  |Romney 38,0
Barnicoat South-
et al 1943 - - \down X 52,8 Mex. daily yield
Hurray 1952 - 12 |Romney 52e 9 mﬁmm

%}:'& o Mi”ﬂa

e

Snell 1933 | 5th wk. - e 9, 6 [Very low plane
fine 1955 | 0© - - §“@1mﬁ ﬁw%wi@ﬁ@m@
1952 “ 2 [Romney 549 | He ﬁm%
19%2 " 12  |Rommey  |B4.6 | L.P.S.
1939 |11 = 12 wko| =~ (Mer.x B.L.h0.0
1939 | ¢ - |iterino  |25.6
1958 |0 = 12 wk.] 14 |Suffolkx |18.6
g 1958 10 - 12 wke| 22 |B.lex O [6L0
Barni coat Average of dif-

et al 1949

Pae
.
]

S
)
gt

= 12 wke| 82 |Romney } [ferent groups in

different yeurs.

b
H

N
=

Marray 1952 wie] 12 |Romney hie B | HePuBs
Godden & Yields obtained
Puddy 19386 o = - - by hend-milkings

very varisble.

MILK YIELDS OF
FANES. %&

‘ Average Dally Yield in Oz
Torkep Tate %‘)%f*ﬁﬁﬁi el Te Peiin] Ve a0l e Po e %m J= ﬁé @
Yallace 1948 10 = 16 Wt B.LoxCe | hioO | G0 - 44e7
Barnicoatd

at al

Y
)
&

%

12 wks., | Romney 15,0 | 60,0 | 22,0 1.0

%,z@; 2

Murray 1952 | 10 ~ 80 | Romney h2el | BhaO | 27.0 35,0

days
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The shepes of the lactetion ocurves
obtained here are sgimilar to those constructed from their
date by Wallace (1948), by Bonsma (1949) and by Barnicoat
et a1 (1949). Togan (194.6) showed that @ eingle lamb was
ungble to draw off all the milk produced by ite dam in
the early stages éf lactation and that Wh&m the excess milk
was plotted on the graph of the milk yield the curve did
not show the peak to the same extent and in some cases
tended to be without a pesk. Therefore with twin lamba
which are sble %to handle all the milk the ewe can supply,
the curve will ftend to be without the pesk as is the case
here with the high pleane twins. This corresponds to the

curves constructed by Barmicoat et al (19349).

The curves for the low plane ewes are
also similar to those of Wellaece and Barnlceat et al who
have also studlied the effect of plane of nutrition on the
milk yield. This type of curve, l.e. one without a peak,
is apparently produced also by breeds of sheep which are
low producers, as well as by sheep which are low producers
on account of a restricted diet. Bonsma (1939} showed

that thls 18 the case for Herino swes

As previously mentioned, a performance
rating velue had been asegligned to each ewe on her records
in other la ctations and on the nunber of lambs she had
borne in each season in which she concelved. An analysis
of variance was carrled ocut to determine whether, on this
rating, there was any repeatibility of records; 1.e.
whether & high yielder in former seasons showed up as a

high yieldsr in this.
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T ABLLE - 40

ANALYSIS of VARIANCE
tource of
Variation 58 af s iy Result
Planes 8,086,%65,0 1 18,086,365.,0) 18.32] H.S.
Ratings 355497 b 1 330970 0y - -
Interaction 7:3514 1 753841 - -
Brror 8,825,667.4 20 i 5283,
Total 16,952,910, 6 23

The analysis showed that there was & H.S.
difference in milk yield between planes, as was to be
expected, but that there was no difference between ratings
end no interasction effect, i.es for example, a ewe wilth &
high rating 4l d not ﬂ@@@m%&ﬁily show up as & high producer

in this sesson when compared to ewes with low ratings in
the same plane or to ewes with high ratings between planes,
It must be emphasised that the rating system employed is
an empirical one and it may nwt therefore represent the

true ploeture.

3. Energy Yield of Bwes

pierce (193)) has shown that the energy
of ewes' milk as determined by cowmbustion in the bomb
calorimeter approximates closely to that calculated fron
the formula drawn up by Overmen and Sanman (1926) for
computing the total energy of cows' milk from ite composition.
In the case of ewes' milk the calculated values in calories
per UsSe quart were 1107 and 1211 respectively, at the two
gstages of lactation, whereas the values actuslly found were
1108 and 1196 calories. Gaines (1928) hes used the figures
of Stocking and Brew (1920) %o derive & similar equation

which approximaotes very closely to the one uwsed by Plerce.

This latter equation is readily transformed into the form
FoCulo =M (ol + 15f) where ¥, Col. = 4% milk
¥ fat per cent
1 millk weight.

i

i
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Gaines found @ correlation of 0.9882
between energy value of cows' milk and fat per cent and
therefore the sbove formula in which all milk is reduced
to milk of egual fat content and hence equal energy
content supplies & readily calculable estimate of comparative
nergy content. Gaines coneliders this formula, though it
containe a minor error, ito be sufficlently accurate for
ordinary work, and 1t has therefore heen used in the
caleulation of the eremy contents of the milks in the

pragent instance.

The fat percentages of the milks of
individual sheep had been determined at each milking.
They were plotted on graphs for the purpose of estimating
the percentage fat at a particular time stage in lactatlion
by interpolation as hsd been done in the case of milk yield
earlier. From the figures for individual ewes the average
fat percentages for the seven-day periods bebtween ten and
elphty days of lactation were caleculanted for each of the
four groups. From these figures and from the figures of
milk yield over the same periods it was poseible to
galculate the energy yields and thence to construet average
@ﬁ%wgy CUPVES e These results are presented in Fig.III

and Table 11,

The fipures in this Table are higher than
those of Teble % because most of the fat percentages in the
data were gﬁe@t@r than 4% end each milk yield had therefore
to be changed into & greater welght of milk at this lower

fest to be equivalent in energy conbent.
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TABL

]
E} i

TROY YIBRLDS

OF EVWES

i EEPRESSED

AS OUNCHEY

Ol 3% 1's Us lle

High Plape Group | Low Plane Group
Singles Twins| Singlesy Twins
Mumber of lactations 12 4 12 L
Period -~ Days Average daily yvield - 0z8:4% FoC. M,
10 ~ 17 7569 113.9 |  67.5 88.0
17 = 21 70+ 4 105.0 59,7 88.9
25 =~ 34 65+9 82.7 52, 2 69.0
31 - 38 59,0 733 Jpis 8 5.0
38 - 15 58.0 66.6 | 39,1 5249
45 = 52 bhe 2 62,8 She B Whe7
52 = 59 W79 5 5e 2 31 6 38,0
59 - 66 e 2 13.6 | 2741 %%, 3
66 - 73 L. 6 103 23,3 28, 1.
7% = 80 %8.1 377 224 6 25.7
Averages He 5 67.9. | 10.2 52.8
Average Total Yields in Ounces
Averages 3885 1753 281, 3696
Se D *857 20 [*933 81,0
General mean energy yield = 3449.8 ozs.
Se s = *878.36 ozs.
¢ - 25, 1.6%

The order of the groups from highest to

lowest average energy yield was the same as for milk

yield and as before the initial production of low plane

ewes with twins was greater then that of the highplane

ewes with singles but soon fell below the lathter as

lactation progressed.

The size of the standard deviations

for energy yield indicates that there was just as mich

variation between the milke on the energy basis as on the

milk ounces basis - the energy calculetion had no smoothing

effect on the ylelds of the individual ewes within a Eroup.
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The notlceable difference in the two
tables, however, is the lack of the peak in the curve of
the high plane singles - this is clear in both the graph
and the table and indlicates that the milk produced in the
Pirst periocd had a much higher energy content per ounce,
(due to @ higher fat test) than the milk produced in
subsequent periods; the fat per cent figures (see later)
show this to be the case, This would appear to be g
general effect because the curves for the high and low plane
twins in Flg. III are noticesbly steeper over the first few

periods than they were in Flg. Il

Differences between groups in snergy
yvield were due again to differences in level of initiel
production and to the fact that the high plane group
produced throughout the lactation at e higher level than
the low plane, except for the early period already
mentioned when the low plane @@@% with twing exceaded

the high plene ewes with singles.

The analysis of varlance of energy yield
shows that there is & H. 8. difference between planes and
between singles snd twines. The interaction effect is
H.8s indicating thet the single and twin groups did not
differ in thelr reaction to the two planes of nutrition.

TABLE = 142

ANALYSIS  of  VARIANCE

Source of

Variation S8 af MS ¥ |Result
Planes 10,8%9,168.5 | 1 ]10,839,168.5 |11.05] H.s.
Type 7s0765,37%.3 | 1 | 7,076,%75.3 | 9.17]| H. 8.
Interaction 8,7%9.9 | 4 8,739.9 - -
Eyror 21,602,410.3 |28 77455108

Total %9,526,696.0 {31

#

General Mean Energy

Standard Deviation
C :

ﬁ&j%ga% LGS, Eﬁw C}@:%sffo

+ 878,36 ozs. F.Col,
- 25,16 %

%




ml%f).u
he Milk Yield and Ewe Welght

Bonema (19%9) reported a significant
poeltive correlation between livewelght of ewe ag recor ded
within a week after lambing and milk yleld within the same
breed. Wallace (19,8) plétted the total milk yield against
mean livewelight during lactation asnd claimed & relationship
though data were scanty, the heavier ewes giving the grester
yields. In dairy cattle, Gowen (1933), Rawards (1936) and
MeDowell (1930) have shown that within a particular breed
milk yields tend to increase with incresse in livewelght.
Gaines, Davie and Morgan (ﬁ@@?} found & H, 8. correlstion
between energy yield and liveweight over 231 lactations

within the one breed,

Oon the other hend, Barnicoat et al (1949)
obtained & N.S. correlation between milk vield and live-
welght taken soon after p&w%mvitiamg but say that this may
be dve to the welght differences arising merely from
differences in fatness of the ewes.  Aritman (1946),
working with Turkish breeds of sheep, reported no

correlation between milk yleld, liveweight or wool yield,

The correlation between milk yield snd
weight of ewe in this data was non-significant in all

four groups.

r df.
High plane singles 0.%9 11 HeSo
~do«- twins 0. 59 5 e
Low plene singles 0+3% 11 o 8e
~do=  twins 0,86 3 W.S.

Thie result may hove been due to the
smallness of the numbers; Ifrom the work cited sbove a
poasitive aignifim&m% correlation could have been expected.

The weight taken was the first after lambing.

Bonsma (19%9) has stressed the importance

of the two faclors that mey cause liveweight differences

between ewes, viz: size of frame and difference in condition,
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in affecting the yield of milk. The data to date are not
sufficient to dlstingulsh between the two but probably both

are of importance.

He Milk Yield end Time of Lambing

Barnicoat et al (41949) found a tendency
for high milk yield to be assoeclated with those ewes which
lambed early sand suggested tlhat the effect was due to th@@
guality of the early spring paesture being superior to %h&§

gquality of later pasture.

The distribution of lambing was not normal
in the experiment sono exsmination of the effect of lambing

could be carried out,

6o Milk Vield and Vool Yield

Logan {19)6) investigated the correlation
between milk and wool yields for the purpose of determining
whether high yileld in the one was compatible with high yield
in the other, He noted that & high positive &mvﬁ®1ﬁtimn
between milk and wool yield casnnot be expected on genetical
grounds except insofar as the genepral phyﬁi@1wg&éﬁl level is
commnon to both. However, evidence from various sources
indicates that there is a pogitive correlstion between
livewelght and milk production and between liveweight and
wool yield and therefore & correlation between wool and milk
yields might reascnably be expected.

Logan's correlations, though N.S., were
negative in both hieg six-year-old and his two-year-old ewes
and were of a similar magnitude. ‘hepetbre, he suggests that
the two products are possibly incomp&itible. Albibon et al
(1?§43§ working with Lacaune sheep in France, report positive
correlations between the two products; ﬁh@%@ giving the
most milk and butterfat were those with the heaviest fleeces;

they were also the best feds

Unfortunately, the fleece welghts were

not availsble for all the sheep in this investigation but



sufficient were availabje for the correlation to be taken
oute In the high plane group the value of r was 0.10
with 10 8f and in the low plane 1t was 0.92 to6 9 df. The
first velue is non-significant while the second is He Se

The mean ylelds are shown in Table 13,

The low plane fleeces were generally
cotted, lacking in lusitre or chalky and short; there was

no 1ifd.

These results would appear to be more in
agreement with the findings of Albibon than those of Logan,
vig: that high milk and wool welights are not incompatible.
It is apparent that in the case of the low @E@m@ ewes b
threshold levels of malnutrition for both milk and wool
production were pmased and the trestment ceused both to bhe

g0 much effected that the high correlstion found resulted.

TABL BE = 13

AVERAGE MILEK AND WOOL YIELDS

Number of Average Average )
Group Sheep Milk Wool r |Result
O%Z8. 1bg.
High Plane 11 2931 iy 9,8 0.10] .8,
Low Plane 10 | 4s05.0 6.7 |0.92] n.s.

7+ Composition of the Milk

Logan in 1946 presented a convenient
gsummary of the literature on the yleld and conposition of
non-milking breeds of sheep up to that date in tabular
forme This table is reproduced in Table 1) with additional
resulte that have been published since 19&6. Logan
@mph&&iaw&‘that mach of the data in the Table is of little
value because often no mention is made of the method of
obtaining the milk samples; nor of the breed or stage of

lactation in sonme 1nstances,
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SUMMARY OF YIELD AND COMPOSITION DATA

{After Logan, 1946)

YieldlTotal '
Author ozs. 18olidslProtelin | Fat Puger | Ash Remarks
Konig - |16.13 } 5.5 | 648 | hed7 | <93
Richmond| - [20.5) 6,68 | 8.6% | ho28 | 497
Fuller &
Kleinhanz 30.0}18,00 - 70| - - 6 breeds
Feldig & )
Tddings [5h.30) =~ het2 | 7.72 ] = 831 6 breeds (10 -
15 days)
Schelin- ‘
graber 90. 67 |15. 76 he 55 | B OR| = 80| Mostly 21l milk
ewes.
Q‘W@l}. 903§ ‘1{:}0‘26 - @9(}
Godden & )
Puddy 21, 6519, 30 6,06 | 7613 | 1e81 | .97|Cheviots (various
29.20119.88 6,83 | 7:9% | 3.70 | .93)intervals betwem
‘ lactations)
Gill 11,5817+ 52 he Ok | 672 He9h | +91|9 yarded ewes
23 63 ﬂéoﬂg 1695 | 510 5.19 | .91|8 grazing ewes
29,51 16.6 5052 | he29 | 561 | .98|3 ewee ~ lambs
died.
Hopkirk - 119,29 5637 | 7+78] 512 | .92|) ewes - lost
‘ twine,
- 6. nh 539 | 5029 | e 76 | 90|16 ewes - lost
gingles,
“  115.82 Be 80 | 4468 Ben3 | 87{1h ewes - normal
Pierce 1260317, 66 2029 | 7obd | 183 | 86|6 Merinos (?rd
(1933) week)
22.89[19.29 .28 | 7.90 | 1.81 | 90| € Merinos (9th
week
Pierce 14,90 |48, 66 helh | 9015 | ke 65 | 895 Merinos (2nd
(1935) week)
3%, 80 |18, 1.5 e b7 | 7o61 | 579 | <905 Merinos (Lth
week)
Plerce V
(1937) 38,7%|18.43 e 67 | 7485 - ~ |12 Merinos
Bonsma 1623 5.25 | ha76) = .88|7 Merinos (?th
' . weels
26,21 |18.76 559 | 681 - 1.12 (12th
week)
16.86 5,00 | Be26| = <8315 BoL. (8th week)
10.,06(19.03 5°§9 beb2| = 1041 (12th * )
16,0% (e85 | Bu3b| = 2,955 Ryelanda (9th
week
356,39 119413 | 5.52 | 7e45) - [1.39 (12th
ﬂ weel) ;
16,95 586 | he91| = .9118 Romney (8thwk.)
3he 83 118,82 e 57 01 - 1415 (412%¢n "
16671 Fe13 | 505 = .89 15 Dorset (8th wk)
3he 35 118,96 Sely | Ge92 | - 12%| Horn (12th wk.
(vields are the
averages of 12
p wkss lactation).
Logan 3168 115,99 Belh7 | 510 | ke 67 | «83'(Yields and com-
7+ 60 }16.91 5.9 | 6.06] x.53 | .83position averages
‘ of 100 day lsc~
tation) .
2 & 6 year Romney
respectively.
rozdova & 36.8 | = - @}”&6 - - Siverian Merinos
Vozdracev * 110 days lac-
‘ tation.
31,8 716 Siberian Merinos
‘ 120 days lac~-
tation
[iurray 32,3 117032 506h | 6.7 | he15 | 85| 12 Romneys,
‘ High Plane
Q?’a);‘. »‘?a ?43? g» 21 7&3’ hm‘?‘% &%ﬁ 12 Romney s
‘ Low Plane

#* « Not guoted by Logan.
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The method of obtaining samples that has
been employed here was described earlier. Barnicoat et al
(1949) examined the various methods mloa%&y and this one
incorporates the observatlons and recommeéndations they have
mades The salient features are: guiet and patient handling
of the ewes and lambs, &i&@wim% the lamb to have a fairly
good start over the operstor when milking, milking the udder
out as far as possible and as guickly as possible, strict

standardisation of techniaque,

In one respect the method used in this
investigation differs from that of Logean (1946} - he stated
coso."The lambs appeared to favour the better ylelding
guarter first, lesving the poorer to the sampler%,
and derived & ratio of milk obtbtained by hand to that obtained
by the lamb of sbout 0.5 to 1.0, average being 0.75. He
allowed the lamb to suckle the half of the udder which 1%
liked to choose and then he milked the remaining halfy, while
here the operator always milked out the left-hand side and
the lamb suckled the right. This point is of considerable
importanece in view of the variatlons in the composgltion of
the milk from the different halves of the udder which have
been reported by various workers, Barnicoat et 8l present
the results of "between-~half" comparisons from five pituitrin

injected ewes yielding over 80% of their milk by hand. The
solids-not-fat are relatively constant between halves but the
fat percentage le particularly verisgble, ¢.g.
Ewe 1 at the start yielded 5.8% falt from the left half ana
5.9% from the right; at 7 - 10 days 7.7% and 6.8%;
and at 20 days 9.5% and 8, 5%.
The other ewes show sinilar variability. Note that the

percentage of both "quarters" rose with time.

Cardas and Wica (1947) compared the milk
production of the right snd left halves of the uvdder in Grey

Turcana and Karakul sheep and found average difference in
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yvield of 2.03% and 1.9 gme. respectively with varlations
of 0=20 and 0=20 gms., at different milkings, and 0 ~18.6
and O - 9,2 gms. from different anlmals: the right halves

yielded 2. 66% and 3%.91% less milk respectively.

On the other hend Drozdova and Nozdracev
(1940), had ascertained that the milk yield snd fat content
from both teats were the same before comparing yields and

compo sl tion.

No attempt was made in this investigation
to compare the milk from the two halves of the udder but in
Table 15 are phown the ratios of the milk obtained by the
operator to that obtalined by the lamb for the individual ewes.
In the cases of Ewes 16 and 41, one record of each was
excluded from the computation of the average ratico as they

were considered to be sbnormel owing, perhsps, to poor

milking.
TABLE -~ 4§
AVERAGE RATIO OF MILX OBTAINED BY HAND
TO THAT OBTAINED BY THE SUCKLING LANB,
Ewe High Plane Bwe | Low  Plane
No. Ratio Hosof Mecords] No. Ratio Noo 0f Records
8 95 | 11 1 +70 19
9 ] 53 8 10 <79 12
3 « 84 12 16 97 11
1O .87 10 28 344 8
65 « 69 12 1 . 63 10
86 « 5h 10 58 1.25 12
96 <75 14 85 . 62 12
105 . 67 12 87 .75 12
123 .93 10 106 « 67 12
185 e dh. & 7h. .92 12
108 .73 10 217 . 60 7
88 e 15 10 219 8% 7
319 1,09 13 48 + 73 14
39 2. 66 11 67 1.06 9
55 . 60 13 117 1.00 12
130 « 69 19 52 . 66 12
&g 1 <79 8
sverage <87 .83
Se Do + 250 + .20
General Mean 0,85 S.Ds 0,38
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The records of the ewes with retlos greater
than unity were examined for sbnormalities of yleld, lamb birth
welpght, lamb weight pein and illness of ewe or lamb butl none
wag Tound. In nearly all the ewes 1t was also observed
that the ratio was felirly constant from milking to milking,
(strikingly shown by FEwe No.39 @hiah had the largest ratio
of 2l11) though it i1s obvious that the ratio varied considersbly

hetween ewes,

From these results it would appear thati
the halves of the udder differ in yleld consistently =
this conclusion is particulasrly supported by the fact that
from seven of the ewes the operator obtained more milk than
the lamb which surely indicates that the halves differed
and the operator had the belter half since the other conditions
(size of lamb, 1llness, ete., ) likely to affect the yield

were quite normal.

The conclusion is, therefore, that the
maximum yield obtainable by hand milking one side of the
udder while the lamb suckles the other ls not necessarily
represented by ratio of 131 as assumed by Xagﬁn‘buﬁ that in

many cases 1t may be more and in others less,

After considering the effects of the
differences between halves and the change in composition
from the commencement of milking to the finish, Logan
concluded that an average ratio of 0.75 gave sufficlently
accurate results provided the technique of obtaining the
semple as described by him was adhered to. Since this
technique has been followed in this experiment, since the
average ratio was 0.85 end teking into account that the
ideal ratio may well be something less than 1:1 the resulis
of the analyses to be presented below sre considered
representative enough to give & ftrue comparison bebtween

records and to allow comparisons of the yleld between ewes

on an energy basie to be made,
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The individual fat analyses and the
analyses of the composite samples will be found in the
Appendi x.

80 as to avoid too great a distortion of
the lactational trends in the composite samples, the number
of sheep from whose milk these samples were made up was
limited to those which lambed over the period from the
17th August, 1951, to the 9th September, 1951, all ewes
lambing after this date being excluded. These later milk
samples were analysed for fat only. In the comparison of
the high and low plene groups the analyses on the 17th
Auguet, 1951, and the 13th December, 1951, were excluded
as they were not common to both groups and contained only
a relatively small number of ewess The average data was
graphed and analyses of variance done to deteet differences
between planes and lactational trends, the data being
transformed to angles for this analysis (after Snedecor).
(a) Pat

Though the analysis of variance gives a
Ny 8y result between planes,; it is evident from the graph
that the low plane group fat per cent was the higher
throughout the greater part of the lactation period. The
N, S« result would be caused by the last two average recordings;
it will be remembered that after the 3rd November, 1951, the
plane of mutrition of the low plane group was raised consider-
ably and that their average yield in ounces appreciably
increased. (See Fig.IV) '

Apparently this increase in volume of
yield caused the fat percentage to fall as is shown in the
Figure,

The analysis of variance shows a significant
difference in the fat per cent between dates which confirms

the lactational trend shown in the figure. Unlike Barnicoat

et al, who concluded that after the initial effects of
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colostrum disappear, the fat concentration increased during
lactation, the Figure (IV) shows a decrease in concentration

up to about 9 weeks and thereafter & steady increasse. Work

with dairy cows revesls a gimilar minimum of fat per cent

about the 10th weelk,

TABLE = 16

ANALYSIE of VARIANCE
source of
Variation 55 af MS by Result
Dates 25,023 . 14 24275 3¢ 39 8
Planes 2, 861, 1 2. 861 ke 26 -
Error 7390 1 0,672
Total %5, 284 23

(b} Total Solids

The figures show a drop in concentration

at the beginning of lactation and a rise towards the endj

the differences between dates are significant but there is

no apparent difference between planes though this mey be

obscured, as before, by the decrease in percentage in the

low plene samples bowards the end of th@vlﬁﬁﬁ&ﬁiﬂm period.

(Pig.V)
T A BL B 17
ANALYSIS of VAHI&%%@
Source of
Variation 55 at MS F Result
Dates 961815 11 0.8347 %015 S
Planes 0.078 1 0.078 - -
Brror 2, 9182 11 02653
Total 12, 170, 23
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(e) Solids-not-fat

There is a small but consistent rise in
concentration from the beginning to the end of lactation

and the high plane group is higher than the low plane group -
both these effects are H.S. (Fig.IV)

TABLE - 18
ANALYSIS of VARIANCE

“Source of

Variation S8 ar s P Result
Dates he 1380 11' 043762 16.79 H. 8.
Planes 11094 | 1 1109} 49. 52 H. 8.
Error 0, 21,81 1 0.022)

Total 5 4955 23

(d) Protein
Between planes and dates the differences
in protein concentration are H.S., the high plane being the

greater throughout and both groups showing & rise towards

thé termination of lactation.

TABLE = 19

ANALYSIS of VARIANCE

[Source of , |

|WVariation 88 af MS F Result
Dates %. 3563 1 043051 He 21 H. S8,
Planes. 1.8150 1 18150 | 30,97 H.8,
Error 04 6454 11 0,0586

Total e 8161 23

(e) Lactose

Barnicoat et al report a decrease in this
constituent as lactation advances but here there is a large
increase over the first stages after which it is farily
constant. The plane of nutrition had no obvious effect.
(PigeVI)



TABLE - 20

ANALY SIS  of VARIANCE

souree of

Variation 858 af MS w Resuld
Dates 6. 8061, 11 0.6188 22,91 H. S,
Planes 0,013, 4 0,013 1.6 -
Rrror 0.3170 11 | o.0270

Total 701668 23
(£) ash

The ash shows & similar trend to the
protein and S-n-L, a steady rise in concentration during
lactation and the low plane depressed by the poor nutritional
conditions. The analysis of varlance shows that the

differences were HoS. (FigeVI)

TABLE -~ 24

ANALYSIS of VARIANCE

Source of

Variation 88 af [ tS) iy Result
Dates 0.2967 ek 0.,0270 | 9.%1 H. S
Planes 0.023%5 1 0.0255 | 8.1 H. S,
Error 0.0%19 11 00,0029

Total 0. 3521 23

() Caleium and Phosphorus

The trends evident here are parallel to
those of the ash as would be expected since the calclum and

phosphorus are the major constituents of the ash.

EBxeept for the difference in the behaviour
of the lactose content the results recorded sbove are in
-complete agreement with those of Barnicoat et al. In dairy
cattle, Riddet, Campbell, McDowell and Cox (1941) found that
the milk of cows on reduced rations showed a fall in yleld
and 8-n-f but no consistent change in fat. The fall in

S-n-f was largely due to a fall in proteln content.



The above results show strikingly the

effects of lack of adeguate mutrlition on the composition

yiee the importance of optimum
Peeding to maintain the production of nmilk of normal

egompoal tlon.

{(h) Bffeet of weather on composition and yield

Barmicoat et al observed that irdegularitles
in the lesectation curves and periodical varistions In the fat

contbents of bthe milks of indilvidusl ewes

weather might g part in

influencing yleld end guelity of ewes' milk.

pe deperlbes

on the yleld of milk

and fat in cows, high temperatures causing very considereble

vielda.

Climatic variations are therefore worthy

&

of notice when conparing the recoprds of individual ewes.

The date in this experiment were toowlidely variable to allow
eny particular variatlon to be ascribed to environmental
changes so no attempt wae made to evaluate the effects of

ather on milk yield and/or composition.

e Lambing Percentages and gex Ratios

Tables 22 and 224 present the number of
lambs borm, the ratic of the sexes and the mean birth
welghts in each of groupss In Tebles 2% and 234 are the

game Ligures as they were modifled In the nllking gx

Twes B0 | oingies Twine | Totel l.emb-|Sex ratio

Groups Ram e | L e [ de | [ £ ling | J: @
8 b 61 6 1] 101120.0 | 1.h
1

High Plene 20

Me == MALE Ps = fenmnle.
a:;ym

&
ol

BIane Group
PN Padng

Birth welght 137 Dol Ibse | 11.1 10,0 1lbs
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TABLE

e

2

LAMBING PERCENTAGE & SEX RATIOS

IN MILEING GROUPS

Ewes Singles | Twine | Total |Lambing] Sex ratio
Groups to Ram Mo | To lite | Lo e | Lo :

=

High plsne

16

7

5

871

12 | 8

125

‘i L] 24.1‘3

16 61 6

o

Low plane 1218 125

1o 15

T ABLE

o

234

MEAN BIRTH VWEIGHTS

igh Plane Group
Twins

Singles

Low Plane Group

Singles

Twing

Birth weight (lbs.)

12,9

9.6

1.1

10,0

The lach of marked differences bebween the

birth welghts of the two groups suggests that the plene of

nutrition in the low group,

while severe enough *to

affent the

condition of the ewes; was not severe enough to affect the

sive of the lambs at birth,

The milk supply which was

markedly affected, influenced the rate of gain of the lambs

go that differences in growth réate coused differences in

welght at greater ages.

». Lamb Growth

a)

Ave Weloght Geing of High snd Low Plane Groupns

The gbsolute welght gains over the three

“periods and the total time, 10 ~ 80 days, are:

pregented in Tsble 2k.

The analysls of varience below,

Table 25, shows that there were significant differences

between the planes and between singles and %

lapek

of intersotion mesns

Wi Nfe

The

that singles and twins did not

differ in their reactions %o the planes of nutrition.

TABR TR e DOh
WEIGHT GATED OF HIOGH AND LOW PLANE LAMES
10 - 25 2h = B2 3 h2 « 80 | 10 - 40
Group aave dayvea g dave

Singles
Twins

Singles
Twins

High Plane

Low Plane
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ANALYSIS OF VARIANCE

OF LAMB GAINS

10 = 080 DAvS (TWin

o PARATE )

Interaction
Brrop

Total

* "
B e

oo

6
725039
1933. 24

e

38
59

Be2

19,09

6 43

Souree 58 af U " Result
Planes 936,05 1 9%6,08 19,03 He Se
Types 2656 B 1 263, 5. 13. 81 H. S

o

General Men

n gain

Standard deviation

Coafficlent of variation C

£

27.11 Ibs,

¥ he 37
16,119

The an

alysis

of eovariance by which the

variastion in the weight gains due to the effect of birth

weight on growth was removed is shown below (Table 26).

TABLE

Ld

26

ANALYSIS

OF COVARTANCE AND TEST OF

SIGNLRICAN

5]

o

(X - birth weight in Ibs. Y -~ gain in weight in 1bs.10 - 80 day s)

Source of RE~
variation af| 88X  lepxy a8y ¥ e | us ™ sult

Ymt&l
Planes (P1)
rypes (T)
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Srror (R)

212,12
810
W3 77
380

150.45

39
1

269,94
87,08
107 1.3

8.98
66. 45

1933, 21
936.05
267, Bl

6

725:39

o5
9

@

w1
S

L

696,01

%9@@9

Pl o4 B
DLEP. Pl
Poa B

DL, T,
T+ B

Dife. I.

158, 55
‘%93&@ i{‘i@
46{7}6&

25

A

155.53

173,88

75:43

’? 66‘% @ lgnf.g»

”‘@9§¢1&

512.77
816.73
833,26
137. 22

2.0

816.73

1137, 22

2.0

ey
LY




TABLE = 27

ADJUSTED MEAN GAIR

Mean Birth| Deviation fronm . Mean (Adjusted

Group |welght experiment mesn Product gain |mean gain
X X bx ¥ ¥ =~ bX.

H. 2.8 12483 1.92 081 |(u)3hen2](1)33, 58
HPT 9469 - 1,02 ~ 0a55  |(3)29.25|(3)29.79
LePsS8s) 11413 022 0.10 [(2)23.00](2}23.90
LePeTe] 10,00 - 0,91 - 0.40 [{(1)18.25](1)18.65

BExperiment mean birth weight = 10,91

b = Oslh

nlike the examples qmw@@ﬁ.aﬁn,?«ﬁ3wh&r@ the
analysis of covariance removed the signifilcance of the
difference between singles and twins, in this case the

difference is still significant.

However, an examinatlion of the adjusted
means (Table 27) shows that the differences between singles
and twine are less than they were in the unsdjusted mesns.
Therefore, the analysis of covarisnce has shown that the
birth weight did have an effect on the welght galne made.
But the amount of variasnce controlled by birth welght was
not large enough %o make the difference between types none
significant when the effect of birth weight on rate of
gain was allowed for. The ww&&@m for this di fference fr@m
the early weaning date is probebly bigeger differences
between singles and twins in the nilking experiment than
in the weaning experiment, A comparison of the adjusted
mean gains in the early weaning datea (Taﬁl%,@7} with those
here shows this to be the case. The number of animals in
the milking experiment was: not large enough for the effect

of birth weight to show up sitatistically signiflcant.

In the adjusted mean table the rank order
is unchanged (figures in brackets) which indicates that the

relation of the gains made by the groups to each other wasg
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not due to any difference in initisel welght.

(p) Milk in Relstion to’ Growth of Lanbs

(i) Fectors affecting the Rate of Gein

o

In this study 1t is importent to evaluate

¥

the effects of all the factors likely to influence the growith
of the lambs over the lactation period so that the varistion
in the weights of the lambs owing to the differences between

ewes in milk yield may be aceuretely determined,.

These factors have been examined and
discussed 1n numercus works, some of particular im@@%ﬁ&me%
to the present investigation beling those of Donald and
MeLean (1935), Bonema (19%9, 194h), Wallace (1948), Bernicoat
et al (1949), Phillips and Dawson (1940), with sheep, and
Donald (1937), Bonsma and Oosthuizen (19%5), with pige. They
have been examined particularly closely by Bonsma who steted
the main ones to be -~ breed; sex, number of parturition, time
of lambing, birth weighit and number of young, miik yield of
the dam, size of dams other aspects of nutrition, season and
parasites are additional ones that may well be teken into

accoun b

By the very nature of the dats in this
experiment, several of these factors had no effect on the
comparison of the growth rates of the different groups of
lambs -~ the animals were all of the same breed asnd age (same
number of parturition), the data wereobtained within the one
SeaBON - @h@ﬁé are the obvious eliminations that m&ﬁ be made

but the others reguire more searching scruting.

(1) Birth Weight

The facet that the weights of animals vary
widely &?‘%i@@h is familiar to eanyone who has worked with
stoeck of one type or another. Chapman &end Tush (19%2)
determined in sheep that sbout 25% of the variasnce in birth
welght is due to genetlc differences, 30 -~ 35% %o tangible

environmental factors and about L0 = L5% to intangible
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environment or accidents of development.

Bonsma found that the size of the ram had

a He8, effect on the weight of the lamb, sex differences
have been noted by many workers, male lambs being significantly
heavier (Bonsma (1939), McMeekan (1943) ) ~ these are examples
of the effect of genetic factors. The tangible environmental
factors are best demonstrated by Huggett's (1931) concept of
uterine nutrition -~ differences have been shown between twins
and single lambs, between those of young and mature ewes,
those of early and late lambers and those of ewes on low
and high planes of nutrition (Bonsma, Wallace, Phillips and
Dawson, McMeekan et al, Barnicoat et al); the differences

due to these factors are all brought about through the

channel of the nutrition of the foetus, the poorer nutrition

producing the lighter welght lawmb.

Workers differ in their findings on the
effect of this difference in birth weight on the relative
livewel ght gains of the lambs from birth to some specified
age, Bonsma concluded that the growth in the period soon
after birth is correlated with the birth weight and guotes
MeMeekan (19%6) - "Heavy litters being associated with
heavy individual pigs not only are important in themselves,
but have a definite relationship with the subsequent rate
of growth of the animals, heavier weaners retaining their

more rapid rate of growth right through to the market stage.®

Wallace found a correlation of 0.7276
(0.526 required for significance at 1%) for birth weight and
live welght increase but points out that similar correlations
between birth welght and milk yield and milk yield and live
weight increase indicate that the connection of birth weight
with live weight increage is through the milk supply.

Barnicoat et al reported N.S8. correlations

when birth weight and rate of gain up to twelve weeks were
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considered within age or sex groups, but the numbers

invelved do not allow definite conclusions to be drawn.

Here a correlation (r = .495, 19 df) sig-
nificant at the 5% level was found in the high plane group
but 8 non-significant one in the low pleme (r = .28, 19 af).

In the analysis of the weights of the
three groups of lambs in the early weaning experiment (see
later) the effect of the initial weight is again apparent.
The analysis of variance on welght at 20 weeks and gain in
welght from birth to 20 weeks showed a HeSe difﬁerenee
between size of family i.e. singles versus twins.  But
when the effect of birth weight is allowed for in the
analysis of covariance this difference is changed to a N.S.
one which means that slmoet all the differences in final
welght and in liveweight gain are explained by birth weight
alone. A similar reduction in the variance in the gains in
weight was achieved in the milking group lamb data by
covariancing birth weight. (Table 27)

Hence it is camclué@a that the birth weight
does have an appreclable effect on the subsequent rate of

pein, at least in the first few months of life.

(2) sex

In that it affects the birth weight, sex
can have an influence on the growth rate after birih.
Bonsma showed that 1ts influence was limited to this indirect
action by eliminating the differsnces in weight between male
and female lambs at twelve weeks due to birth weighty the
analysis of residual wvariasnce showed that on the basis of

eqgual birth weights the difference was non=gignificant,

A comparison of the gain made from six to
twelve weeks in groups of male and female lambs from data

made avallgble by Barnicoat showed no difference between them,

the mean gain for each being 22 pounds. These sheep were
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similar to and run under similar condiﬁona as the stock

used in this experiment.

(3) Time of Lambing
Bonsma (1939) reported that early lambs

were heavier then late lambs at birth but Donald and McLean
(1935) quote figures of Hammond (1932) showing that early
lembs (singles) were about 2.2 pounds lighter at one week
0ld than late lambs and find similarly in their own data.
They shov also, however, that the advantage of late lambs
is due to improved condition of the ewe, there being a
strong relationship between weight of ewe and birth weight
of lamb. This being the case, the difference between
Bonema's result and those of these workers is readily explained
by the very different nutritive conditions of the sheep
examined,

On the other hand, Phillips and Dawson (1940)
did not consider that the birth weight of lambs and the time
of lambing were significantly correlated. On further analysis
Bonsma finds that although there is a tendency for early lambs
to have an advantage over late born lambs, the elimination of
the effect of time of lambing as a separate cause for the
variation in the growth of lambs is jJjustified.

From the same data that was used to test the
effect of sex on growth from O - 12 weeks, it was determined
here that the\ date of birth did not influence the weight gains
made; the average gains of two groups of single ram lambs

being 57.8 pounds for each.

(%) Mumber of Young
The great difference in weight at birth

between single and twin lambs is still apparent at twelve
weeks of age but the results of many authors show that the
ratio of the weights can be markedly altered. Hammond (1932)

concludes that the changes in the ratios are due not only to
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differences in uterine mutrition but also to post-natal
conditions of nutrition governed by the milk supply of the
eWEes From his results it would appear that under favourable
conditions of nutrition the ratic between the weights of
singles and twine may narrow. Phillips snd Dawson found
that with maturity the weight differences due to type of
birth tended to disappear.

The ebove considerationslead, therefore, to
the result that the only two factors thet would tend o
obscure the effects of the levels of nutrition on groups of
lambs in this investigeation are the birth weight snd the
type of birth, The bresd, age of ewe and season were common
to both groups, the sex and time of 1amhing ha&‘na»affeet -
only birth weight, size of family and mutrition are left of
the factors that could cause wvariation in the relative
welght gains. Therefore, allowance has been made for them
in the consideration of the differences between the groups

of lambs in this experiment.

(ii) Correlations of Yield end Weight Gains

The weight goins made by the lambe over
the period 10 - 80 days after birth are shown in Table 28
together with the milk yields in ounces and energy yields in
ounces of fat-corrected-milk for the same periods. In

Migs.VII and VIII are graphed lamb grmwth ané milk yields.

The gaines in weight over the three periods
were correlated with the milk yields snd with the energy -
yields, the purpose bheing te see if the galn and energy were
more closely connected than gain and milk yielde The
method of determining the yields and the energy values has
been desecribed in a previous section, the corrvelations are

tabulated in Table 29,
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MITK YIFLDS, FNERGY YIELDS
TAIB GROWTH IN THE PRRIOD 7

TABLE

i

HE

B0 DAYS AFTER BIRTH

0 = 2k _days 2h ~ G2 days 2 =80 days 10 = 80 daya
Group |Milk|EnergylGrowth | Milk |[Energy|Growth | Milk [EnergylGrowtl Milk|Bnerpy] Growth
H.P.8 | 715 988 | 8.0 | 1328 4641 | 4n.7 | 87| 1205 | 14.8 2TH| 3751 [ Zhey
HePeTo | 1073] 1516 'iz.,g 1671 | 2128 | 24.5 | 1029 | 1231 24*357’"77’* 4875 [ 5845
L.P.S. | 583| 866 | 6.5 | 848| 1161 | 9.n | win| 578 &3;05“8’7’ 2606 | 21,0
LoPaTo | 734| 4209 | 7.0 | 1053] 1536 | 15.5 | 672 | 869 m.ogm*@ 5654 | 36,5
(Milk yield in 0zs, ~ Energy yield in ozs.F.C.l.) !
TABLE - 29
Figh Flene Group Tow Plane Group
Period Singles ;i‘wima Singles Twing
10 = 23 days Milk »88 (H.8 85 91 (m%%‘ * 59
Energy 62 (8.) | .66 .91 (B8} .36
24 = 52 days Milk «Bh .86 6 (8)] .9r(8)
Energy <79 (H.8)] .83 «62 (8.)] .75
52 ~ 80 days Milk +05 . 62 <02 .16
Energy oAl =, 23 .06 .19
10 -80 days Milk 60 (8.} ] .15 «90 (I8} .72
Energy 83 (me)| .82 88 (s )| ou7
Number in Group 12 b m L
Value of r for HeSe . 681 <959 . 681 959
Se + 553 . 878 - 553 . 878
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It is unfortunate that no estimate could
be made of the amount of milk consumed by individual twins.
The equal dividing of the total milk produced by a ewe between
her twins was not considered valid in view of the finding of
ponald (1937) end Bonsma and Qosthuizen (1935} on pigs - the
lapgest plge in a litter obtained the most milk -~ and the fact
that there was consliderable variation in the birth welghts
of the twin pairs. This meant that the correlations
hetween gein and yield had to be considered within twins
and within singles, resulting in & reduction in the degrees

of frecdom and therefore meking 1t difficult to get significant

correlations particularly in the twin groups.

The test for the difference between two

correlation coefficlents as set out in Snedecor (195@}

shows that there is no difference between the two planes
with respect to the size of the correlations of milk yield
Wi%% lamb galn within the same period. In both groups of
singles the correlation shows a gradsation down from the
firet period through the second to the third which indicates
that the lamb depended less on the milk supply of 1its dam in
the latter %%@g@m@ In the twin groups the correlations
between the firet and the second periocds are not significantly
different and the occourrence of the higher correlations in
the second period is merely & chance effect. These grmoups also
show the decrease in the size of the correlation from the first

to the last period.

The relationship of energy and lamb gains
is the same as for the milk yield and lamb gain and there is
no difference in the strength of the correlations between
gain and milk inteke and gain and energy intake, Note
however in the single groups in the first period, the low

correlation of energy:growth in the high plene single group.



- 67 =

The relationship between yield and growth
appears in the graphs in Fig. 7 end B. also. The high plane
group produced throughout lactation at & higher level than
the low plane and the lambs showed & parallel relation
between the groups. It ise interesting to note in the
graphs that the growth curves for the high end low plane
groups diverge steadily up till about the fifth W@@K after
which the low plenes lose relatively even more ground, the
high plane curve mamﬁimmimg on up in almost & linear nanner.
Wallace observed that five wecks was sbhout the average age
at which the lanmbs began to eat pasture and, 1f these lambs
were similar to his in this respect, the wider divergence
of the curves at this time would indicate poorer utilisation
of wsture by the low plane animals. ?h& well grown young
lanb is better able to make full use of its food than the
poorly grown one and this, coupled with the dying off of the
milk yield of the low plane ewes, resulted in much lower
welght gaine Iin the poorly fed group. Another factor was
that the heavy stocking rate in the low plane paddocks
resulted in a short solled pasture which did not compare

with that in the high plane area.

This result obviously supports the
recomnendations of Wallace, Bonsma, Barnicoat et al and
Hamnond that feeding during the last weeks of pregnency
and daring lactation is of primary importance if the lanmb
is f@ meke the early growth sc essential to its later wellbeing

and 1ts webility to make use of the availsble food.

The regression equations of gain in welght
on milk yield in the first weeks of life of the lamb, as
presented in Table 30, show again the dependence of the lamb
on the milk supply of its dem at%t this stage. The equations
for both the high and the low plane groups are very similar
showing that the relation ig independent of level of nubritiong

that 1t is also independent of breed of sheep is apparent

from the similarity of the equations calculated by Wallace (191.8)
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for different breeds. From the regression coefTicients it
can be seen thet for each additlonal pound of milk consumed
in the 10 « 24 days period a gain in weight of approximately
0.16 pounds resulited. Over the first month Vallace found
from his regression of live weight on milk yield that each
’@ﬁ@iﬁi@mﬁm pound of milk consumed gave & gain in welght of
approximately 0,17 pounds, a figure that agrees very well

with the one caloulated here,

- 30
ga; HT GAIN 10 = g%mw&y*
O IPTION 10 ~ 2J DAYS

me%wﬁ‘mf Correlation| Regreseion
“Group animal s Coeff. 1, Bauation t for Reg.
HePe 8, Yield 12 0,88 ¥ om 01z 4 1 5o 98 He S,
Energy] 12 0,62 ¥ = 006x 4+
2:15 2o 18 8o
L. Pe 8. Yield 12 0.91 V = «0lx ¢
.08 6. 81 H. S
Energ; 12 Oe 91 ¥ o= 009 X -
1629 747 Ha G4

vy (dependent variate) = gain in weight 10 - 24 days in lbs.

x (independent variate) = milk consumption 10 - 2h days in 0zs8.

Wallgee observed that the strength of the
correlation over the first month sugpgested that the growth
made by the lamb over this period, which is & much more easily
measured guantity than the actual milk yield, might be used
to estimate the milk yleld of the ewe up to this tinme. He
calculs ted r@ﬁr@&ﬁxam equations $0 express this relationship.

Similerly, @ima@ strong correlations were found bebween gain
and milk yield in these data, regressions of milk yield and
energy yield on lanb gein were taken out. They appear in

Pable 3’}"{ P
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TABLE - 31

REGRESSION OF MILK AND E e PTION
10 =~ 2h DAYS ON LIVE &@IGHW &;X% 10 = D) DAYS
fumber of JCorrelmtion Regression t for
Group Animals Goefrieient r] Hagustion regression

HoPe8e Yield 12 0.88 ¥ = 7691 x
+ Ghe it 6o15 H.S.

Energyl 12 0. 62 ¥y = 60,2
L. P.8. Yield 12 0,91 Y = 7%.67 x
+ 104,55 | 6.95 H.8,

Energyl 12 0s91 Y o= %%«@5 x
}@E’Sfﬁ ?a@ﬁ‘ He S

v (deperdent variate) = milk (or energy) intake 10 - 24 days
. in oz8.
¥ (independent variste) = gain in weight 10 - 21 dsys in 1bs,

The difference hetween the yleld snd the
energy Pfegression coefficlents in the two plenes wlill be

discupsed 1in &8 later sectlon.

Wallace found thet the milk produced in the
ﬁi@ﬁt month bore a definite relastlon to that produced over
the whole of lactation (average of ﬁ&% in the firet month)
but when siniler percentsge figures were taken out of these
data considersble varistion was found both between singles
and twins and between planes of nutrition: ﬁ&@ same variability
was evident in the milk and the energy Tigures (Table ﬁ&)m

TABL B =

%‘?Q

AVERAC IE% RELATION OF IM‘%Z AND ENERGY YIBIDS
TN 10 - 25 DAYVH TO ‘2&},» IN 10 - G0 DAYS

Humber of
Group Animals Yield Energy

He Ps S 12 2%, 9% 266 8%

Ho P T I 284 5049
Tie Po e 2 fﬂwz%« 35}“’5

1
4
-
e
£
°
3
H
Ey

ﬁﬁ'fh :’:3 ;j»i;.a ﬁ

The Table bringe out again the effect of

the level of nutrition on the milk yield of the ewes - the

low plene ewes produced a much higher proportion of theirp



total yield in the first few weeks resulting in & percentage
noticeably greater than that of the high plane group.

The lack of a more constant percentage here
seems to exclude the poseibility of estimating the milk
production over a period longer than the first few weeks of

lactation from the gain in welghts of the lambs.

The dependence of the lamb on the milk
supply of the ewe for its optimum growth and development,
which has been coneclusively shown by a number of workers,
mentioned in the gbove discussion, ies an overwhelming induce-
ment to sheep ralsers to tske the milk yield of the ewe into
conslideration at culling time. TLogan showed that a high
proportion of sheep were culled because of "poor Constitution”
and pointed out that in many cases the so-called poor
constitution resulted from the ewe milking well. The
condition and size of the lamb should also be taken into

account when the future value of the ewe is up for assessment.

As was shown above, the early nutrition of
the lamb has a large influence on the growth that it makes
later in life, i.e. the milk supply, which is the only source
- of food at the time, is of primary imporitance in the early
stages. Therefore an estimation of 2 ewe's milking ability
over the first three weeks may well be a valid basis on
which to compare her rearing capsbilities with those of other

CWEB,

The regressions in Table 31 indicate that the
milk yield over this short pericd can be readily estimated from
the weight gains of the lamb but before the scheme could be put
inta practice it would be necessary to détermin@ whether the
various factors that effect milk yield it in with the eguations
€ g would a different relationship be regquired for different
breeds and types of sheep? (From Wallace's data this would

not seem so but a wider breed range SXemination is necessapry, )



The plane of nutrition does not seem to affect the regression
a8 shown by the agreement between the eguations for the high
and low plane groupss Wallace emphasised that, in ueing a
method of this kindy, 1t must be remembered that the difference
in yield between ewes rearing single and twin lambs may nob
truly reflect differences in thelr potential milk producing
capacities. The means of obtaining the measure of the milk
yield and the importance of using it have been amply
demonstrated ~ what is needed now is a closer examination

of the method with larger numbers of sheep, resulting in

the evolvement of a practical scheme to be tried on full

seale flocks under natural conditions.

Wallace found that the milk yield was more
closely related to the live weight at 28 days than to the
Ive weight increase between birth and 28 days. He explained
this unexpected f@ault by showing that very high correlations
existed between birth weight snd milk yield (0,7609), milk
yield and live weight increasse (0.9188), and birth weight and
live weight increase (0.7276). In each case the correlation
needed to have a8 value of only O.526 for significance at
the 1% level. He says =~
" The strong correlations between the three
"eharacters are not unexpected, for as hasg already been shown,
"poth the birth welght snd the level of milk production are
Ygimilarly affected by the level of nutrition before lambing,
“yhile the size of the lamb at birth largely determines its
Tability to wutilize to the full the milk available from its
"mother; and, finally, the amount of milk received by the
"lamb will clearly influence its rate of live-welght gain,”

Here, however, there was no difference
between the correlations of milk yield with live-~weight at
2l daye or with live-~weight increase from birth to 24 days.
Both correlations had values of 0.88 and were highly



glgnificant. This difference from the finding of Wallace
is probably due to the low correlations between milk yield
and birth welght end live weight increase and birth weight
in these data. In Table 3% the low correlations, particularly

in the low plane group; stand oub.

TABLE ~ %3

CORRELATIONS BETWEEN MITK YIBLD, BIRTH
WEIGHT AND LIVE UBIGHT INGRBACE 10 = 2k days

High Plane L.ow Piane

; Singles Singles
Milk Yield ¢ Lamb Gain 0.88 0,91
Milk Yield s Birth Velght 0. 63 0o 15
Lamb Gein 3 Birth welight 0.82 032

The reasons for the difference in the
correlations of birth welght with milk yield and gain in the
two planes are difficult to find. An examination of the
mean birth welghts in Table 23A shows that with a standard
deviation of 2,1 the differences between singles and twins
in the two groups were not very great. Apparently the low
plane ewes, even though they lost a lot of condition prior
to lambing, produced their lambs at the expense of thelr own
body tissues. But their milk yield was disproportionately
affected by the treatment in comparison to the effect on the
birth weight thus giving rise %a a different correlation to
that obteined in the high plane group. With this disproportion~-
ately low milk yield and a near normal birth weight the lambs
made live welght galns that were also out of proportion to the
birth weighlt; this latter effect was due to the high
correlation beltween milk yield and Lamb gaine Thus the
abberation in the correlations is explained in terms of the
varied effect of the treatment imposed on the milk yield and
the birth weights. (Barnicoat et al (1949) concluded that
feeding during lsctatlion was the primery factor influencing

both initial end total milk yield.)
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(¢) mfficiency of Conversion of Milk
to Live Welght Gains.

‘Brody, (19L5) defines groes efficiency as
output energy/input energy and net efficiency as oubpub
energyAinput energy less maintenance energy ). Since lambs
differ in their size at birth - this was particularly true
of the high and low plane groups in this experiment (Table
2%A) =their respective mainbenance requirements will obviously
differ also and therefore it was “~thought thet the net
efficiency of converesion of milk to live welght gains would
supply & better perspective of the comparative efficlencies
of the two groups of lawbs than the gross energy estimstlon

as used by Barnicoat et al (1949) and by Bonsma (1939)

The difficulty is in earriving at a
reagonable value of the maintenance reguirement of the
animal over the period un@@w consideration. Donald (1957}
describes one method of achlieving this, but in addition to
the agsumptions regarding the amount of milk required to
produce unit live weight increase he made use of the relation

maintensnce : WO73 a relationship which does

not hold for young growing onimals. (Brody)

Woodman (1918) who giv&a%ﬁ&hlas of the
maintenance requirement of sheep, says -
"No attempt is made in this teble to state the requirements
"of sheep. below 60 1lbs. live weight. Studies of energy
"metaboliem have shown that the "surface law" is not
"applicable to lambs, and that it Wéuld,thar@fwrw be incorrect
"to attempt to deduce, on the basis of that law, the maintensnc

"pequirement of sheep below & 1lbs, live weight."

Another obstacle in the way of applying the
net efficiency ratio was that apart from & short periocd early
in lactation when it could be presumed that the lambs were

eating no herbage (and for much of this period the milk intake

was unknown) the exact intake was uncalculable owing to the
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faect that the lambs were praging pasiture with no messure of

the amount eaten belng taken.

The drawback of the gross efficlenecy as a

meagure of the efficlency of milk utilisation by the lamb

is that no allowance is made for the msintenasnee requirement -
a big lamb will be using 8 high proportion of the food intske
for maintensnce and only a small part for growth, i.e. there
will be a low gross efficiency while a amall lsmb will use a
larger proportion for welght gains and will show & highep
gross gfficiency, Thise, obviocusly, gives a biased comparison

of the two efficlenciese

Weight gains are a poor measure of the
uge to which food is put becauvse the different types of
tiesve lald down regquire ﬁiff&rant amounts of energy for the
same weight increage, e€.ge. fat and miscle or bone. The
animal laying down the higher energy recuiring tissue would

appear the least efficient, perhaps untrue,

However, since 1t was not possible for
the sbove reasons to determine the net efficliency, the
grose efficiency was caleulsted in the hope that th@\figuras
might have some value. )

For each ewe the average ounces of milk and
ounces of F.C.M, consumed per pound gain in live welght of the
lanb were calculated in the three periods and an analysils

of variance carried., These are shown in Tables 34 and 35,
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TABLE - 3

ANATLYSIS OF V&RE&W&E OF GROSE EFFICIENCY
&&%Qﬁ&%@km ON 0@%&%‘ OF MILE ?@ﬁ&%? POR
POUND GALIN XN %Eﬁ@%ﬁk@ﬁ? ?ﬁﬁ Kf ‘&Nﬁ me

PLANES), CINGLES AI%%T’%"} Py ':z:; ARD
PERLIODS 10 = 2k “DATH,
Source of l
Varistion l4f 88 M8 by Result
Total l,g 71,383.95 802,07
Periods (P)| 2 |11,162,32] 5,591.46 | 10,30 He 86
Planes (P1) 1 23189 251,89 0.13 -
Types (T} |1 ] 2,903.60 | 2,903, 0 | 5.35
P x P1 2 | 1,066, 67 55% 34 | 0.98 e
PL x T 1| 1,2%37.00 | 1,237.00 | 2,28 -
TxP 2 | 45308.90 | 2,155, 05 | 3.97 8,
PxPLxT|2 | 8,680.09 |1,325.25 ] 7.96 He S
Error 77 |41,803.08 542 90
Do De | w2330
General Mean = 82.28
(c = 28.33%)
TAB LE = 35
EFFICIENCY
T, LNTAKE PER

‘ 5, D
i y f‘j . % 'S 3 v { ﬂ@’f&f}?ﬁék‘)
%%ﬁ ?@R?% ﬂﬁ - “ﬁ& Mﬁ ~ 50 & KO - 00 DAYS

sourge of
Variation ar 88 s B Result
Total 89 1182,908.16 |
Pericds (P) 21 39,674,082 119,837.51 | 17.38 He Se
Planes (PL) 1| 2,278.06 | 2,274.06] 1,99 -
Types (T} 1] 2,050,413 | 2,050.13] 1.80 -
P x Pl 21 7,305.08 | 3,652,054 ] 3%.80 Se
PL x T T 3077790 | 357770k | 331 -
TxP 2112,962.3h | 64481:17 | 5.68 HeSe
PxPLxT 21 27,970,39 11%,985.20 | 12.25 He Se
Srroy 771 87,8900 | 1,141.29
e Do s 25 7H

General lean = 113.30
¢ = 29.82%
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The mean fipures for these periocds and for

10 « 80 daye are shown in Table 36,

B = 3f

£

TAB

EFFICIERCY OF CONVERSTON OF MITE YIFLD AND
ENERGY YiRLD 10 W i‘”ﬁ@mi‘ GAINE

High Piané Group Tow Piane Group

Period Singles  Twins | Sinples _Twins

10 - 2 daye Milk 9149 87.6 88.55 | 111.2

Energs 127.0 12%. 6 133, 4 1917

2y - 52 days Milk 9149 6901 96 3 68e3

Inergy 111+ 3 8741 137.0 102. 5

52 «~ 80 days Milk 8169 18e .6 52¢ 3

Energy 4070 58, 2 81.7 69k

10 - 80 days Milk 87.6 68.0 7645 69. 6
wnerpy 10686,9 87.8 1104 2

it
S
LR

=
a2

Bfriclency = oz8. milk or ozs. PO Mo /Ibs. goine

The valuee in Table 36 represent the average
amounts of milk consumed in ounces per pound of live welght
gain and the asverage amounts of ¥, (0. M. in ounces consumed per
pound live weight gain. Bonama end Barnigcet et vl have also
studied this relatlonship. Bonema {193%9) found an apparent
increage in the average amount of milk congumed peér pound gain
in live weight as the level of total milk intelte lneressed,
indlecating that the increase in live weight was not direetly
proportional to the increase in milk intake, Of the various
factors which are probably assoelabted with this apparent
decreage in the efficlency of milk vtilisation with lncrease

in the total milk yield of the ewes he sugpests the following @

4. An incressed level of milk intake would promote an increase
in the rate of growth, leading %o lerger snd hesvier lambe, with
& higher meintenance reguirement at any given time than lambs on

& lower level of mlilk intake.

2, Lambs reared on & higher &@v%& of milk inteke would be in



a better position to promote fattening simultaneously

with growth.

FeLiambs from low milk yielding ewes would naturally be more
prone to consume other food than those reared by good
mothers, whose milk supply wamia be more likely to satisfy

their regquirements.

A comparison of the milk consumption per
pound gain in live welght, based on the first period only

(i.es 1 - 3 weeks), when the lambs were entirely dependent
upon their dams' milk and little or no fat was as yet being
produced, indicates no significant difference between the
different levels of milk intake in the efficiency of milk
utilisation. "

In 194 he examined the efficlency of
utilisation of milk by the lambs of different first and second
Cross ewes. The ecrosses were rams/mitton breeds by Merino
and by Blackhead Persian ewes. No significant difference was
found between Mepino crosses or between Blackhead Persian
crosges but the differences in utilisation between ecross~bred
Merino and Bl&ekheaﬁ,@®raian ewes were highly significant
particularly during the first 3% weeks, Thie breed difference
wag possibly due to inherent metabolic differences, closely
asgociated with the adaptebility of the Blackhead Persian to

South African conditions.

Barnicoat et al (1949) found a change over
in relative efficiency between the firet few weeks of
lactation and the later periods - in the early stages the
lower milk intake groups were less efficient converters
because a greater proportion of the energy from the milk
was required for meintenance purposes, in the later periods
the consumption of grass compensated for the lower milk

inteke and high efficiency resulteds

Thus it would appear that in considering

the average figures in Table 36 three factors must be kept
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in mind, viz:

1s The relative maintenance regquirements of the different
groupg, which depends on the body welght.

2. The levels of milk intake.

3. The ampunt of food other than milk which was eonauméd

by the lambs.

Therefore in Table 37 the efficlency ratios
are again presented but alonghide each is the average milk
and energy yield, the average body weight and the average

gain for the period considered.

Note that in Tables 36 and 37, ewe No.28
was excluded owing to her sbnormal efficiency ratio (231 in
the first period against the average fipure of 88) and to
even the numbers in the high end low plane groups, o.8

was eliminated from the high plane group by random choice.
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TAB LE

- 37

GAINS IN WEIGHT

YIELDS AND

EFFTCIENCIES IN THE PBRLODS 10 = 2k, 2k = B2,

and Ko - 80 Dhve

Average| Aver age| Average Average

weight |yield |energy Gain Efficiency Ratio
Group | 1lbs. 0 %8 028, 1 C. 1l 1bge Yield Energy
10 - 2

days ;

HP. S0 21 706 967 8 (3) 91.9 | (2) 127.0
HoPoTo | 32 1073 1516 12 (1) 87.6 | (1) 123.6
LoP.Ss | 48 5683 833 7 (2) 88.6 | (3) 133.4
T.P.Te | 29 73 1249 7 ()111.2 | (1) 191.7
2k - B2 days
HoP.S. | 33 1%18 1614 15 (3} 91,9 (3) 111.3
HoPoTe | 50 1671 2128 25 (2) 6.1 (1) 8741
L.P.8.| 28 818 1161 9 (3} 96.3 | (1) 137.0
ToPeTo | 42 1051, 1536 15 (1) 68.3 ] (2) 102,85
h2 = 80 days
HoPuSo | 15 855 1166 11 (1) 849 | (1) 107.0
H;%¢T¢ 72 1029 1231 29 (1) 18an | (1) 5B.2
L.P.S. | 36 3 578 8 (3) €0.6] (3y 81,7
LeP.Te | 55 672 868 1 (2) 52,3 | (2) 6.4
10 _~ 80 days
HePeSe | 35 2974 3885 3h (1) 87.6 | (3) 108.9
HoePeTs | 55 577 L7553 55 (1) 68.0 | (1) 87.8
L.P.S | 30 1812 281y 25 (3) 76.5 | (1) 110.2
LePuTe | L4t 2159 %5696 36 (2) 69.6{ (2) 105.3
(ﬁggﬁz Figares in brackets in the laét two columns refer to

the rank order of efficiency of the groups within

each period,)

Sk and 3

H. S, inereasing progressively with the age of the lambe.

Be

Consider the analyses of variance, Tables

The difference in efficiency between periods is

This

effect parallels the decrease in the correlation coefficients

between lanb growth and milk intakes

increased intake of grass with incresse in age.

Both effects are due to




o satisfactory explanation can be offered
for the appearance of the significant difference between
types 1n the yield analysis and not in the energy enalysis
or flor the significance of the period x plane interaction in
the energy ... s=smalysis and mat in the yield analysis. From
an examination of the mean efficliencies for the 10 -~ 80 day
periods 1t would seem that twins were more efficient on both
the yield and the energy bases buit the reason for the non-
significance in the energy snalysis is not obvious from this

data.

It is necessary to point out that with
coefficients of variation of the order that occur here (28
and 29 per cent) with groups of such small size, and with
the complicating effects of the unknown pasture intake a result
significant at only the 5% level is not very f@liable and not

too much regard can be taken of it.

The imteraction beltween period and type
means that the singles snd twine differed in the way in
whi@h thelr efficiencies changed from period to period. This
is clearly seen in the Table of means, Table 5&» In the high
planes the efficlency flgures (milk basis) for singles in the
three periods are 91.9, 91.9, 84,9 respectively, and for twins
87.6, 69,1 and 18,4 respectively. In the low plane the
greatey rate of increase of efficiency for twins is even more
marked, the corresponding figures being 88,6, 96.% and 60.6,
and 112, €8.3, 52.3. The difference in reaction to time
change 1s obvious. The greater rate of increase of efficiency
in the twin groups was due %o the fact that the twin lambs,
individually, were @ﬁ a lower intake than single lambs. Grass
began to play an imporitant part in their diet at an earlier
age than it did for singles and hence thelr gross efficlency
of milk utilisation increased more rapidly with time. Other
factors slowing down the change of efficiency of the singles

WOPE -~
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(a) The greater relative increase in weight up to this time
(twice that of a %win lamb in the first period) owing to the
better diet, resulting in a greater relative increase in
maintenance requirement,
(b) the slower adaption to grass feeding, and
(¢) the change in the nature of the weight gains made from
muscle and skeletal tissue to fatty tissue with its higher
energy demand per welght unit.
The same interaction is apparent in the mean @fficiencies on

the energy hasis,

It is important to remember when comparing
the periods thet they were of different length, the second
and third being twice as long as the {first.

The triple interaction (highly significant
in both enalyses) provides more information on the relﬁtiﬁnﬁhip
of types, planes and pericds. It means that the singles and
twins raaeted‘ﬁiff@rently in the planes in the different

periods.

In the high plsne single group the efficlency
did not change from the 1 « 2 periods and 1% ingre@ae& only &
little from the 2 = 3 periods, The high plane twins' efficiency
increased from the 1 - 2 period aend increased greatly =zgain from
the 2 - 3, That is; twine changed differently to singles in
~the periods within the high plane. The efficiency of the L.P.5.
decressed from the 1 - 2 perlod and lncreased from the 2 - 3 periods
while the L.P.T. increased markedly from 1 -~ 2 and 2 - 3 periods.
That is, the singles and twins changed diffferently from period

to period within the low plenes

The increage in efficiency of the high plane
singles from the 2 - 3 period was much less than that of the
T.P.S. s though the lack of marked change from 1 - 2 periods
was common to both. The inerease for H.P.T. for the 1 - 2

periods is smaller than that of the L.P.T. while in the 2 - 3

period the increase is greater in the H,P.T. That is, the
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plenes differed in the changes made from period to period
within the one type. Therefore singles changed differently
to twins and the HeP. changed differently to the L.P. between

pericds.

This triple interaction is most strikingly
shown by the comparison of the two exbreme groups, the H.P.8e
and the LeP.Ts From the 1 - 2 period the Tormer increased
in efficiency from 91.9 to 81,9 while the latter increased
from 114.2 to 52,%; a much greater change. Thiﬁk$h0W$ the
difference in the change of type - planes to period.

The changes in the four groups from 1 « 3
periods were 7.0, 35.2, 28.0, and 58.9 for the H.P.%., H.P.T.,
LePetey and L.P, T, respectively. All twine were higher than
all singles, L.P.T. wers higher than all H.P. and L.P. 8. weprd
high than H.P. 8, , i.e. the change was different over the period
in a1l the groups, a triple interachion.

Congider the interaction in the energy

asnalyeis (Table 55}§f note the means (Table 37).

The effects noticesble were the same in form
as in the yield means. Twinse were greater than singles; low

planes were greater than high planes, all groups 4iffered.

The underlying reason for this interaction
of plane, type and period was that the low plane lambs were on
é lower milk and energy intake than the high planes and the
twine, as individusle, not paire, were on lower intakes than
singles (see mean figures in Table 37). The lower the milk
intake the sooner the lamb took to pasture with a consequent
decrease in the amount of milk inteke per pound of welght

gain, i.es an increase in gross efficlencys

The analyses show that overall there was no

interaction between plane and type, l.es singles and twins

did mot differ in their efficiency between high and low planes
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and that there was no difference between planesy; liee that
lambs on different levels of inbtake did not dffer in

efficiency.

These results showy therefore, that the
importance of milk to the lamb is in the early weoks aand thatb
the age at which the lanb begsine to consume grass in guentity
varies according to the level of the milk inteke, the highep

the intake the older the lambe

The very nature of the gross efficiency
relationship mekes it difficult to arrive at more precise
conclusions on the efficlency of milk utilisation by laubs.

The interplay of the various factors mentioned in the above

di seussion - the level of milk intake, the maintenance require-
menty; the amount of other food consumed and the nature of the
welight gains ma de « obscures the relation of oche lamb to
another with respect to efficiency of milk utilisation. Until
the net efficiency, which is a true measure of efficiency, is
accurately determinable, this relation must remain unknown.

(a) The Value of the Estimation of the
Energy of Ewes' Milk

The energy yield of milk is a nmuch mnore
fundamental concept than the milk yield, Milk varies widely
in composition and contains a large percentage of water which
hag no more nutritional value then water from any o ther source.
Moreover, it peems thet the production of the water fraction of
the milk reguires no expenditure of emergy by the animal. When
the produection of the snimal is measured on a milk basis alone,
the water of the milk is placed on an egual footing with the
so0lids, which obviously gives inaccurate comparisons. For
theoretical reasons, %then, the energy measure of the production
of ewes should provide & more accurate plcture of the relation-
ship between individual ewes, beltween groups of ewes and between

ewes and thelr 1amba.
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The method of determining the energy yield
of the milk used in this investigation was degeribed in a
previous section and throughout the text figures based on the
energy evaluation have bheen included for comparison with the

milk yield Tigures.

Considering the analyses of variance for milk
and energy (Tebles 6 and 12) and the mean values (Tables 5 and
14), it is apparent that there is no real difference between
the results on the two bases or between the standard deviation
for the two sets of data, i.e. the energy evaluation did not
alter the relationship between planes or types or reduce the
variability of the data., Gaines (1928) concluded that the
milk yield is inversely proportional to the energy value per
unit of milk, i.e. that the energy yield is not affected by
the fat per cent of the milk. From this it followed that the
variability in milk yield between animals due to difference in
composition was eliminated when yield was measured on an energy
basis. This was not the case in the data obtained here,

(Wote -~ That there was variability in composition in these data

was shown in the section on composition,Table 1))

The growth of the lamb is dependent on the
milk supply of the ewe in the early stages and it is the
nutrients in the milk that affect the growth and not the
absolute volume of milk. It could be expected, therefore,
that if the energy gstimation was a better measure of nutrient
value of the milk than the milk yield a ‘closer relationship
would be evident %&twe@n the lamb gains and energy than between

lamb gains and milk yield over the first few weeks after birth.

In Table 29 are the correlation coefficients
between milk and growth and between energy and growth. As
mentioned below this table, there was no significant difference
in these correlations(z test), but notice was drawn to the low
value of the high plane singles' energy yield:;lamb growth

correlation.
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The analyses of variance of effieliency of
utilisation of milk yield and of efficiency of utilisation
of energy yield show variation in the results with respect
to types and the interaction between plane and period. It
was pointed out, however, that the level of significance was
not high enough for much relisnce to be placed on these
di fferences in result. In other respects, i.e. in the H.S,
results obtained, the two analyses are similar. The means of
the two lots of data show no notable difference in relative size
or the way in which they alter with time, plane of nutrition or
type of blrth.

Apart from chemical analysis the only measure
we have of the nutritive velue of the milk is the growth made
by the lamb. Therefore it was thought that if the amount of
variance in the gains explained by milk intake and the amount
expl&in@d’by'@ﬁ@wgy intake were compared, any differences in
the relative accuracy of the two measures of yield as an

estimation of nutritive wvalue would be apparent.

Accordingly, lamb growth in the period 10 =
24 days was covarianced for milk yleld and energy yleld and
the values of (S@xy)g/ S8x and S8y taken out of each analysis
and compared, (syxy)%/ 88x is & measure of the variance in
the lamb gains that can be accounted for by the food intake
and S8y is a measure of the total varisnce in the data, The
relation (Sny)%/ 88x / 88y expressed as a percentage provides
a means of comparing the relative efficiencies of the two
estimtes of inteke (milk and energy) in accounting for the

variance in the lamb weights.
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T ABLE - 38

ANALYSIS OF COVARIANCE: X - MILK YINLD,
¥ - LANB WRIGHT GAINS, 10 = 2 DAYS,
S STNGLE ONLY,

Souree of] ;
Variation|df! SSX | SPXY 8sY 7! dfl s | ¥ |Result

Total 211838,320,00{9202.001120.96] 19,95} 21
Planes 11103,228.17] 121.6,08] 15,01
Error 221735,091, 83| 7955, 92]105.92| 19,841 22]0.90 |

Dife. (P) | Ou1] 410s1n[0016) =

General mean gain = [«29 lbs.
Standard deviation = T2,19
C = 30.04%

; 2

8P

(:)° . ssy x 100 = 81,30
S8x

w’

The figure 81,307 means that the intake of
milk ounces asccounted for this percentage of the variance in

the welght gains made by the lambe in the single group.

As was to be expected when the variance due
to intake was removed, the significant difference between the
gains made by the high snd low planes (see Table 25) disappeared.
At this early stage milk formed practically the whole diet and
the differences in yield of the ewes determined the different
gains that the lambs made. The adjusted means in Table 39
are mch closer together than the unadjusted ones.

TABLE = 39
MEANS & AﬁJH%%%@MME&ﬁ&ﬁwW@A%Bf%AIK 0 - 2i DAYS

ADJT
lfean | Deviation from | ean Adjusted mean
Yield | experinentmean | Product | Gain gain.
Group | X ozs. X bx Y lbse Yw’&%gg 1bge
HoPo 8| 714 6 65. 6 - 0,72 - 8,08 736
Lo Po 5o | 583441 ~ 65, 6 ~0,72 6.5 7.22

Experiment mean yield = 6L9 ozs.
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TAB LE = 10
AWALY SIS OF COVARIANCE: X - ENERGY INTAKE,

Y - LANE VEIGHT GAINS, 90 = D) DAYS
T SIioLES on il ’

Sourece of ,
Variation |df 88X SPsY | S8Y ¥ af] s | P [Result

Total 231141824 579.96|9670. 511 120,96] 11,88 |22
Planes 1 89 40.26.04.1115%9. 79| 15,04
Error 2211409%,15%.92|8510.75]105,92]39, 66|21 1. 89

Diff»(}?} 2622 1 2022 10"7 -

C = 30,047

(spxY)*®
. S8y x 100 = 62.66%

885x

1.8 62,66% of the variance in lawb gains was due to differences
in the energy yields of the ewes.

TABLE = 31

MEANS AND ADJUSTED MBANS: LAMB GATINS O - 24
DAYS ADJUSTED FOR ENRERGY (B, Cello ) INTAKE

Wean Deviation rrom Adjusted
‘ Yield | expecinent mean Produet | Mean Gain | mean gain
Group ! X ozs. X bx X dbs. ¥ -bx 1bs.
H.P,S. | 988,25 61,01 0.1,8 8,08 7. 60
Tie Po 8o 866&17 - &1 « Ol = Qo 24.8 6o 50 6&98
Experiment mean energy = 927.21
b = 0.008

The percentage Figures calculated seem to be
very different. It ie not possible to determine whether the
difference is statistically significant or not. The adjusted
means shows that the varistion due to milk yleld was greater
than that due to energye. The difference bebtween the mean gains
corrected for milk yileld is O.1) 1bs., while the difference between

the same gains corrected for milk energy intake is 0,62,

From this data, then, the conclusion is reached

that the measure of milk performsnce of Romney ewes as the



amount of energy produced (ealeulated as fat-corrected-milk
by the procedure described above) is certainly no better than
the direet measure of yield of milk, Whether it is a poorer

avaluation mamnat be decided on this evidence alone.

This resgult is rather surprising considering
the theoretical grounds on which the estimatlon is Tounded and
the wide use that is made of the P.0U.Me caleulation in the
dairying worlds Three possible explanations can be pulb
forward,; wviz:

(a) Perhape the relstionship of energy to fat in ewes milk
iz not the same as that in cows milk, i1.e. the ¥, 0, M
formula may not be valld. Its use in this investigation
was based on the agreement bebween the energy of ewes
milk determined in the boub a&lwwim@t@r and the energy
caleulated from the formila of Overmian and Sanman (1926)
as found by Pierce (1934). In view of the findings of
this and other investigations quoted on the methods of
obtaining milk samples for analysis, Pierce's sanples may
not have heen truly representative.

(B) The growth of the lamb may not be divectly related to the
energy content of the milk, i.e. a lamb may be eble to use
& certain amount of energy in & dllute fﬁrM‘%ﬁttﬁr than it
can use it in & more concentrated forms  Thus there could
concelvably be a more direct relation between milk yield
and growth than there would be between energy and growhth.

(e) Liebig wae quoted in the Introduction to the effect that the
rate of growth of an animal is determined by the amount of
protein and mineral matter in the food. Table 1 shows the
general relationship between these constituents of milk and
the time required by the young of different species %o
double thelr birth welghts.

During the lactation of dairy cows the
fluetuations in fat concentration are greater than those of
any other milk constituent; the protein shows & lesser, but

85t111l coneiderable, variation and the ash remains remarkably
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uniform (Heineman, 1921).  ¥From the tablees of composition
given by Barnicoat et al {(1949) and Pfrom thospe of thie
investigation, it is evident that the milk of sheep has a

gimllar relation between fat and protein plus ash.

The conseguence of the more constant
percentage of protein and ash ls that the absolute amount of
them in the milk is more closely related to milk yield than is
the absolute amount fat. Az the yield falls the fat percentage
rises more than that of protein apd ash and the amount of energy,
caleulated from the Tat concentration and the yield, that the
lanmb received does not fall the same relative amount as the
other constituents. That is the lamb is getting very much
less "growth materials” (protein endminerals) and only a little
less energy. Henece the relationship of energysgrowbth is thrown

oubs

This could account, then, for a higher
relationship between total milk yield and growth than between
total energy yleld and growth.
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PART II - EARLY WHEANING EXPERIMENT

Methods and Materisls

| | Fifty h-year old Rommey ewes running in the
same block as the high plane group above were ssf aside for
this and [Inosulation experiments (see later). The latter
used four ewes with twin lambs snd six others were lost for
one reagon or ancther, esg. death of lamb and/or ewe. This
left forty-one ewes after lambing in good healih and condltion
in the experiment: they had all reeceived the same treatment
from tupping, being rotated around the one acre paddocks of
the mutrition block fa mobs of 20 « 30 and menaged according

to ordinary farnm practice.

0f the forty-one ewes, nineteen had twin

and twenty-two had single lambs and the sex ratlos were as

follows 3
Twinsg Ewe pairs .... 6
Rem " N 4
Rmm;
Ewe) M cese 6
Singles BWes seve saes 6
Rams esea . 16

It was therefore possible %o divide the sheep
and lambs into three groups, each group having 2 ewe single lambs
5 ram single lambs

2 ram/ewe twin
pairs of lambs

2 ram twin pairs of
lanbs

2 ewe twin pairs of
lanmb s.

The exbtra ram-pram pair and the exira ram single were added fo
one groups This group was made the earliest group as it was
the one in which was thought losces were most likely to occur,

owing to the treatment.
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Group 1 was weaned at nine weeks of age.
Group II -do= twelve =do=
Group IIIX =do= sixteen ~do=

As each lamb reached weaning age it was
moved to a specially fenced paddock at the farthest possible
distance from the paddocks in which its dam was running; the
pasture in this paddock hsd been carefully ecaten down some
days previously and allowed to freshen-up beroré the weaned
lambe were put into it. A few dry ewes were grazed with
the lambs to keep them calm, and, to control the pasture growth,

several young ~&ttle beasts were included.

The weights of the lambs were recorded
within three days of birth, similarly tc the high and low
plane groups,; &nd thereafter they were weighed approximately
every fortnight. All lanbs; except one that was killed
early in error, were kept and weighed until they were twenty
weeks of age plus or minus & few dayss This one lamb’s
weight record was eight days short of the twenty weeks but
gineé the growth curve was practically a straight line the «
weight at 140 days was obtained by producing the curve on the

required distance,

The recorded weighte of each lamb were
plotted on a graph and the weights at weekly intervals after
birth read off Uy interpolation. These figures were those
used in the comparison of the weight geins made by lambs
from birth to 140 days of age.

Killing weights and carcace gradings at
the Longburn Meat Works are included in the data.



Results and Discussion

The most extensive study so far on the early
weaning of lawbs is that by HeCeo Bonsma and Ded. Engela (1941)
with Merino ewes and cross bred lambs in South Africa.  Their
invgstigation\conaistad of two sections; in the firét there
were three grbmps‘of lambe weaned at eight, t@m and’twalve weekss
raspeatively,‘and a faurth group, th@ control, unweaned. These
were fed dry feed consisting of lucerne hay and maize.  The
second contained one group of lambs which were all weaned at
eight weeks and which ran on winter cereal pasture throughout
the experiment. Comparative figures for this section came
from the results of experiments conducted with similar cross
bred lambs kept on winter cereal pasture from birth. The
intakes of the lambs were carefully measured so that estimations
of the cosia of production between the various groups could be
mades Slaughter results were included in the data to expose

the effect of %h@ treatment on the finish of the carcase.

They found that there was no ﬁignifiaant
difference between the weight gains made by the early weaned
and the control groups of lanmbes. The carcases of the early
groups also showed up favourably on comparison with the control
gronpa. The difference in production costs was highly
significant in favour of the early weaners, a saving of twenty
per cent being estimated to be effected by weaning at eight

weeks and at this stage returning the ewes to the velds

Percival (1951), working with grade Jersey
calves, was able to recommend the practice of early weaning
particularly to town milk suppliers who did not have available the
quantities of skim milk umea'by‘butﬁ@rfat producers to rear their
young stocke. The early weaned calves had their milk ration
reduced at six weeks and cut out altogether at eight weeks
while the controls went on to skim milk between the sixth and

elghth weeks, The growth rate of the early weaners was

severely checked at six weeks, so much so in fact that at
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six weeks they were heavier than the controls while at eight
weeks th@ controls were the heavier. At eight weeks no
weaning check appeared in the early weaners and they made a
good recovery from eight to eleven weeks. From eleven %o
eighteen weeks they grew at a satiefactory rate tho . ghnnot
as fast as the controls. At eighteen weeks the difference
in weight (28 1lbs.) was about 13 per cent the weight of
the controlsy, but body measurements indicated that this
difference was due bo condition rather than to any great
difference in size. At thirty-five weeks the difference
between the two groups had reduced to 9 lbs. and it was
apparent that in a few more months early and late weaned

animals would be indistinguishable,

Bxamination of the weights of the early
weaned calves at weaning time showed that the practice of
early weaning can be overdone and the resulis indicated that
100 1bs. is the minimum weight at which weaning should be
undertaken. The recommendation was that weight is a better
gulde to the best early weaning stage than age.

The optimum sage for weaning lambs was
also investigated by Bosman and Bonsma (194L) in South Africa.
They also recommended that welght rather than age may be the
better index and that early weaning (eight weeks) is

advantageous.

(a) Growth Rates

Table L2 contalns a summary of the results
of the weaning treatments, and curves showing comparative

growth rates are graphed in Fig.IX.
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TABLE = 12

SUMMARY OF RESULTS OF VEANING TREATMENTS;
ABSOTUTE VEIGH'S

Veaning i _pounds 8t - ‘
| Geoup  'Birth |1 12 Wkse | 16 Wkse]| 20 WS,
12:4 | 15:.5 | 49.0 571 6he7 | 763 6349

12 weeks | 12,2 16,8 | 16,7 56e b 66. 1 76.5 Gle 3
16 weeks | 13.8 |19.2 | 53.4 6348 750 85.9 724
Twins ,

9 weeks |10.6 14,5 | 10,7 | 28.9 57+9 693 58,7
2 weeks [ 10.9 | 14,0 | 38.2 18,0 58,3 69.8 58,9
16 weeks | 10,9 |44.3% | 58.6 | 18.5 58,7 | 71.0 604 4

TABLE = uoh

S g

SUMMARY OF RESUTTS OF WEANING TREATMENTSS
GAINS TN VELOHL

Teaning Weight gaine in pounds Trom

| Group  IBirth-1 wke 4-9 wkee 9+12 wice. 12~16 wke. 16-20 vits. 0=20w
§$§§%§§ 3.9 3345 8.1 7.6 1.6 63.9
12 weeks heO %0, 5 9.7 9¢7 1041, Glie 3
6 weeks G by 33,9 10.7 11.2 10.9 7244
gw%ﬁgm% 5.9 26.2 8.2 9,0 14 b 58.7
2 weeks Bs 4 212 9.8 1043 115 5849
16 weeks Be by 2k 3 9+9 10.2 12 3 0.1

From this Table and from ¥lg.IX the sixteen week weaners
seem to have made greater weight gains than the other groups.
‘This apparent difference is analysed more fully in Tables 43 and
Lo




Lanb Growth (1bs.)

=95 =

s} i H PR 1 i i i

Pl 1

i /] i
020 a0 T80 RO W0 im0
Days after Lambing.

16, IX
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T ABL E =~ L3

AWATYSTIE OF VARTAWCOE IN GAIW IW WEIGHD
0 =« 20 weeks

Source of
Variation ar S8 MS. F Result
Weaning dates| 2 ?79«@62& &9,7&?2 1,85 -
Type 9 726.8359 726.8359 1495 HeSe
Interaction 2 126.3118 63,1571 1430 -
Error 51| ou79.1125 18, 6100
Total 56 |  3541.7456

General Mean Gain = 62,12

Standard Deviation = T 6.97 1bs.

c = 11.22%

The first analysis done was in gaine of weight

from birth to twenty weeks. One lamb from the firset group was

omitted (random cholce) to even the numbers in the groups.

The analysis shows that (a) weaning at different
dates had no significant effect on the gains in weight in the
firet twenty weeks; (Db) single lambs gained significantly more
weight in the period that did twins (see anslysis of covariance
for further analysie of this point); (e} the reaction of the
lembs to altered weaning date was not significantly different
in the two éypaﬁ.

‘ A similar anelysis was done in the fingl
weights at twenty weeks. (Table 1)),
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TABLE - i

AWALYSIS OF VARIANCE TN FINAL WEIGHTS

AT 20 WEEKS
Source of L
| Varisnce af 88 us B Result
Weaning dates 2 24,8,0000 |  42,.0000 | 2.01 -
Type 1| 1,196.0002 | 1,196,0002 |49.x2 H, S,
Interaction 2 190. 6270 95.3135 | 1.55 -
Error 51 3,130, 5833 6145801
Total 56 | 145775.2105
General Mean weight = 7346
Standard Deviation =+ 7:85 1bse
c = 40.68%
The conclusions here are the same as for gain
in weight.

RBoth of these analyses ignore the influence
of the initial weighbts on the geins and on the final welights,
To show how much of the above resulte are due to this effect
alone, an snalyeis of covariasnce was required (Table L5).

TABLE « b
ANALYSIS OF GOVARIANCE;

- GAINS IN WEIGHT, O - 20

WEDKDS, X ~ BIRTH ULIGHT

Source of
Variation | df S8X SPXY _ S8y
Total 56 1193.5825 | 548, 6700 |%,511. 7156
Weaning

‘ dates 2 5:9035 | 36,0900 179. 1821,
Type 1 1] 544299 |202,3900 726. 8359
Interaction] 2 69342 | 21,9500 126, 3148 |
Error 51 [127.0149 | 258.2400 |2,479.1125 | 1,951
Date + B |53 [132.9184 | 294.3300(2,658. 5949 | 2,000
piff. (D) 54
Type + B 52 | 181,508 | 460.6%00 |3,205,948) | 2,03¢
Diff. (T) 82
Inte 4 B 53 11%3.1491 | 280.1900 |2,605.427% | 2,015

pirf, (T) 6

In this snalysis the tests of weaning dates, type and

interaction all give W.S8. resulits.
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TABLE

- #6

X — BIRTH WEIGHT

Source of T
Variation |af SSX SPXY S8Y Y'oosivsun
Total 56 1193, 4825 | 726.0263 | 1,775.2105
Veaning ‘
dates 2 549035 | 37.2631 | 28,0000
Type 1] 54.4299 | 255.143h |1196,0002
Interactio| 2 6.1342 | 33,0484 | 190,6270 ;
Error 51 [127.0149 | 400.571% | 3140.5833 | 1877.28
pate + E |53 | 1329184 {437.8315 |3388.5833 |1946.35
piff. (D) 69,06
size + B |52 [181.4448 |655.7148 |4336.5835 |1966.92
Dife. (8) 89»6§7
Inte + B - |53 | 1331491 |433. 6198 [3331.2103 [1919.06
pLee. (1) W77

Onee again the tests of weaning é&te; type and

interaction all give non-significant resulis.

Thue 1t has been shown that the significant
differences in gain and in Ffinal welght are explained almost
entirely by initial weight alone, and not by twinning as such.
That iey if the twin lanbs were born at the seme weight as
singles, their gains in weight up to twenty weeks would not be
significantly different.

These conclusions are brought out also in the

table of adjusted means, Table L7,
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T ABLE = 37
MEANS AND ADJUSTED MEANS WOR BIRTH WEIGHT -
o GALIE O « 20 weeks in LbB.
Weon BLrER | Deviation from [iaFasted
Welght lbe.| experitent mean |Product Mean gain [Biean gain
Group X , x bx ¥ ¥ = bx
9 _weeks
singles 1214 Os 5l 1240 |(n}6r.0  [(1)62.90
Twins 10,33 w 0,27 - 0,55 [{1) 58:83|(1) 53.38
12 weeks |
Singles 121k 0. 54 1,40 |[(5)64.29 |(5)63.19
Twins 10, 58 - 1,02 «2,07 [(2)59.0 [(2)61.07
16 weeks o
Singles 18. 57 1.97 500 |(6)72.29
Twine 10483 -« 0.77 - 156 |(3)60.08

b

Experiment mean birth weight « 11,60 1lbs.

= 2,05

The rank order of the means and the adjusted

meens (figurves in the brackete) in the table was unchanged,

The difference between the adjusted means is less than the

difference between the wnadjusted mesns, i.e when the effect

of birth welght on the gaine is

the different groups of enimals

come together as

the non-gigmificant result in the covarisnce analyeie.

removed the difference bebween

was shown by
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- 18

VEIOHT. TG AT 20 TR In Ibs.
Hean bivth %%Vi%%iw% from AQjusted
welpht lbe. ; Produet |Mean welght mean wght
Group X bx 4 ¥ o= bx
2. vegks
Singles 12:14 0. 5k 1,70 (n)76.40 | () 7hetin
Twins 10.33 - 1427 wlys OO (1)69.17 | (2)73.17
12 wesks
singles | 12.1h 0. 5l 1,70 (5Y76.43 | (BY7he73
Twing 10,58 - 1,02 B, 29 (2)69.75 | (1)72.96
[L6 weeks
| singles 13, 57 1497 Ge 21 (6Y85.90 | (6)79.69
Twine 10.83 = 0. 77 =2 13 (3)70.92 | (3)7335

e ﬁﬁ@ 1bg.
Fe15

Raperiment memn birth welght =

B s

Unlike the case of adjusted means of galn in
weight, the rank order altered in the adjusted means of weight
at twenty weeks, the 9 week twins becvoming heavier than the
12 week twinsg but the differences are small in both mean

eolume (0.58 and 0.21 1he, respectively).

It ie noticeable from the rank order in both
golumns of adjusted means in Tables L7 snd 18 that the twina
are all below the singles and that the singles grade up fronm
the 9 week group to the 16 week group. Within both singles
and twins the 16 week groups are the higheet and their
advantage over all other groups in both finsl welght and
waight geins is considerable. Te examine this advaniage
more closely, sn andyels of varlance was ecarried oul on

singles only for gain from birth to twenty weeks.
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TABLE = 49

ANALYSIS OF VARIANGE OF WEIGHT GAINS, O - 20
R TTTTYERKS, CLIGLES ONLY

Source ot

Variation ar 58 Ma by Result
Weaning dates| 2 301:79 | 150.89 | 247 -
Errop 18 | 1103.50 61«31

Potal . 20 | 1495.29

i

Genersl mesn gein = 66,86
Stendard Deviation = T 7.83

G =] 8» 55@%

The means of the three groups of singles
were 6Le0, 6he3 and 72.7 Ibs, for the 9, 12 and 16 wesek
groups respectively. The difference in the gsins made by
the last group over the other two is mwt significant even
when no sccount is taken of the initial weight in which the
16 week group had a considerable advantage (see Table )2).
The size of this difference in gains made and the greater
slope of the 16 week singles’® growth curve in TigeIX
point to the imporitance of & furbher investigaticn with a
layger number of animalg to determine whether & difference

in growth rate really existe.

Bonema (1941) reachad a conclusion similar
to thise Though his earliest weaned group suffered an apparent
set back at weaning time, no significant aiffar®né@% in gain
ghowed up in the statistical snalysis and he emphasises the
essentlality of obtaining more data on a larger number of
animals before "1t can be conclusively proved that the rate of
grmﬁth.is actually affected to any apprecisble extent.," It is
important to point out that Bonsma's control group was unweaned
throughout and they therefore had an advanitage cover the other
groups in that they suffered no weaning check over the period
considered. This may not have made much difference (and
what difference it did make wes in favour of the late weaners)

because the older the 1&mbs at weaning the less severe the check,



The only group in this experiment in which
a distinet check in growth &&ﬁ@ at weaning is eapparent was
the 9 week singles., Thelr curve of weight gains is by far
the most irregular of all over its whole length and the
decrease in slope at the weaning age of 63 days may not be
entirely due to the effect of the change in diet.  The check

does not appear to have been of & permanent nature.

In this investigation it was not possible to
estimte the relative costs of production f@r the various
weaning groups &s Bonsma, with his careful records of daily
inteke, was able to do. The saving due to improved health
and wool production of the ewe as well as the saving of feed,
were also uncalculable, However, Bonsma and Percival both
found that a considerable reduction in costs resulted from the
practice of early weaning - the latter found this in spite of
the lesser growth rate of the early weaners - and the suggestion

is that a similar reduction would be found in this case,

Percival printed a table showing, in the
earliest weaned group, the relationship of the weight at
weaning to the weight at eighteen weeks. He found a definite
relation, the lower weight animals 8t weaning showing the
greater percentage underweight at eighteen weeks, In Table K0
are figures showing the differences in weight at twenty weeks,
of lambs in the 9 weeks weaning group weaned at different weights.
The numbers in brackets indicate the number of lambs from which

the figures were obtained.
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9 WEEK WEANERS

S
10 v

FINAL WEIGHT IN RELATION

IEANING WEIGHT (1BS,

A

Veight &t Velght at | Diiference from nesn OF| Per centage
Veaning 18 weeks late weaners at 20 wks.| underwelight |
5 1bs, | Under 8 o
fingles (86 1bs.) ( %‘f gg wgﬁ:ﬁ;
“&’z;:;‘“%' 12) 73 13 150 1%
4 (3) 77 9 106 5%
50.5 (2) 75 11 12.8%
Twins (71 Iba.) (Under 71 1lbse
at 20 weeks)
28,0 (1) 61 10 e 1%
38.2 (1) 66 5 7+0%
12,0 (%) 70 1 1o 4%
8.0 (2 ' 8 lbs.over- -
148.0 (2) 79 (W@i@hﬁ)

There is general evidence of a relationship

between weaning welight end final weight in this table but it

is not as clear cub ae that obltained by Percival,

o recomnen loe

ation ecan be made on this seanty evidence on the advissbility

of weaning at a set welight rathep '%simm at o set age or on the

welght that would be most sultable :};ﬁ‘ the former method proved
the better of the two.

(b) Slaughter Results

This: date were not available for all the

lambe in all the groups sc, by rendom choice, equal (17)

numbers of singles and twins were chosen from each group

and their slaughter results compared.

These are shown in

Table H1.
TABLE = B
VEANING REXPER IMIN SLAUGHTER RBESULTS

k Tiveweight ot

leaning Group Slaughter Dresesing per cent Age (a‘i&yﬁ)
9 week 76.8 15.6 155

2 v 77k 134 6 155

6 " 79 1 bl © 154

Chi-asquare tests on the carcase grading in the

three groupe and in the 9 and 16 week groups were non-significant.
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In Table 51 the early weaned groups compare
very well with the older weaners and the agreement between the
three groups here is much closer then that declared satisfactory

by Bonsma in his data.

The conclusion 1s that the groups of weaners
in this experiment showed no differences in dressing percentages,
age at slaughter or quality of carcase as Juded by th@‘&amm@reiml

grading system.

From the results of this experiment and those
of Bonsma and Percival it is conecluded that the practice of
early weaning has much to regommend 1t. L.ambs on good country
weared at nine weeks of age make satlisfactory growbth in
comparison to lambs weaned at greater ageé. The conditions
uhﬁer which these lambs and ewes were run were first class
Worth Island fat lamb conditions and whether the same resulis
would be obtained on poorer country is a matter of conjecture

until further experimentation ls carried out.



- 405 =

PART III = INOCULATION EXPERIMENT

Methods and Materials

The rumen material used in this experiment
was obtained from two wat&@ra with rumen fistulas belonging.
to the Grasslands Division of the Department of Scientific
and Industrial Research, which at the time of sampling were

on & diet of fairly coarse, stemmy grass.

Sheep with rumen Tistuls.

Rumen contents were collected at 8,30 a.m. by means of a metal
spatula and placed immediately into a thermos flask heated to

approximately 37°0C, (Woodman and Evans (1938) have shown

that the temperature of the sheep rumen is sbout 37°C)  There
were about 150 ml. of rumen contents, fairly solid, with much
coarse fibre and little free liquid; they were diluted by
shaking vigourously in 400 ml., of fresh cow's milk and sitrained
through cosrse musline. ¥ilk was chosen because it was thought

%0 be a suitable incubation medium of the required pH and
containing nutrients suitable for micro-orgenic-~life. The result
was 8 dull green liguld of the consistency of milk and this is
what i1s referded to as "the liguor" hereafter.

A sanmple of the liguor was examined undsr the
microscope, hanging-drop and Gram stain preparatlons being
enployed. An examination was made one hour after collection

from the rumen and again two and a half hours after. Large

numbers of bacteria (mostly Grem positive) and Protozmos were

observed to be present and actively motile and no change in
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the micro-population could be noticed belween the two examinations,
either ﬁm.mumh@@ of orgenisme present oy in their motility.

Sinece Baker ( quoted by Pearson and Smith (193] ) hae shown that
no significant chenge tekes place in rumen ingesta prepared
similarly to the sbove in the first two to four hours of
incubation, this was considered sufficient evidence that the

liguor being inceulated into the lambe was representative of

the flora snd fauna of the sheep from which 1% was taken. In

this experiment the time interval between ecollection and

inoculation did not exceed two hours,

Afber dilution, the liquor was quickly
replaced in the thermos flask snd transported to the nutrl tion
blocke The lembs, eight in all, were drenched with the
standard drenching gun with one ounce of the liguor per lamb,
ecare belng taken to see that it went down the cesophagus and

liverally coated the inside of the mouth and lipe.

An attempt wae made to get the lambs to take
the solid unstrained rumen content - if small Jumps were used
the lembs could be made to swallow 1t by pushing it well into
the throat and holding the mouth c¢losed; otherwise they
aejected 1t. However, the drenching method wae much sinpler
and since Pearsom and Smith (1943) found thet the strained
liguor was rich in Protozoa snd heeteria, thie latter method
was the one finally adopteds flso, since the lanbe were
weaned and wholly dependent on pasture for their needs, it wae
thought that they would scon £111 their bellies with fibrous
matter and therefore 1t would not be of any great advantage

to dintroduee fMbrous matter with inceculations

The lewmbs used were four sets of twine that
had originally been included in the early weaning experiment
and whichy, up to the time of weaning, hed received treatment
identical with those in it They were weaned at nine weeks of

age and were so chosen that they would all be taken from their

mothers within the shortest space of time possible viz. three
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day s. The first pair were weaned on the 17th October and
the last pair on the 19th. Inooulations were done on the

20th, 21st and 23rd October.

Livewelghts were recorded as for the other
groups of lambs and the data handled similerly. Control
animals for this investigation were thoge in the mm@ weeks

weaning group of the early weaning experiment.

Dung snalysis was made to try and detect
whether the treatment had had any effect on the digestive
powers of the animals. The two groups of lambs, treated
and controls, were shut in a shed with a wooden floor in
separate pens, left for about four hours and the total excrement
collected; this was done on the 29th October, the Gth November
and the 14th Novembers

The samples were dried in the water oven and
stored in lebelled bottles till the collection period was overg
they were dried in the electiric oven, Tinely ground and allowed
to teke up moisture again before being anslysed for moisture,

ash, protein end crvde fibre.

Results and Discussion

(a) Lamb Growth

In Table 52 end Fig., X the weight gains
made by the tw groups are compared.
T ABLE = H2A
AVERAGE VEIGHTS OF INOCULATED & CONTROL LAMBS (Ibs.)

BIvER LT WeIgRE 2k Gain in
Group | Weight |1 week | § weeks | 20 weeks Welght
Inoculated| 10.3 1346 57.7 61.4 506
Control 10,6 1% B 1.7 69.3 59, 5

TABLE - 52B
AVERAGE WBIGHT GAINS OF INOCULATED & CONTROL
LA DS L dbSe) ‘

Group Birth <1 week | 1 =~ 9 weeks | 9 -~ 20 weeks
Inoculated %63 o 2hed 23 b
Control 3.9 26,2 28.6
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The Pigure shows vepy clesrly that the
inoculated lambs grew at 8 slower rate thean the control
group the difference in gain over the twenty weeks %@img
8.7 lbs. The significance of the variation bstween the
groups is evident in the snalysis of covariance.

TABLE =53

SIS OF COVARIANCE: X~ BIRTH WRIGHT
Y GALll, O = 20 WERKS

Souree ot | | Rew
Veristion |4f | SSX | SPXY 88Y YUolae| us P sult
Total 19 | 55.49 [103,97 |1245.95 [1051,45 | 18 | 61.83
Groups 1] 0280 | 10.34 | 357.07
Error 18 | 55.19 | 93.6%5 | 888,88 | 730.05 [ 17 | 12.94
DiLE (G) 321,11 | 1 {321.11|7.48] 8
General Mean gain = 56,05
Btandard deviation = ¥ 6,81
¢ = 12, 20%
The adjueted mean pains are tabulated in Teble
Sl
TABLE =~ &
ADJUSTED MBAN GAINS OF INOCULATED AND
CONTROL, LAMBE FROM O ~ 20 WEEKS
fean birth |Deviation sroml|, Adjusted
wed ght experiment mean |Produet |Mean gain |mean gaing
 Group X lbss x bx ¥ lbes Y ~ bx
Tnoculated 10,38 - 0,12 - 0.22]| 50,88 51440
Control 10, 63 0,153 0.2k | 59450 59, 26
EBxperiment mean s 106 85O
B - 1.87

The dlrfference tetween the adjusted mean galns
ie significent, i.e the slower rate of growbth of the inoculated
group i & real difference. Figure X showse that the inooulated

lambe loet welght wi th respect te the controls from birth and in

order to see if the gaine made after the treatment were ﬁigﬁifﬁ&&mﬁly
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different between the two groups, the gain from nine to

twenty weeks was covarianced for welght at nine weeks.

(Table 55).

TABLE = §5
ANALYSIS OF OOVARIANCE: X = WELGHT AT NINE
WEERE, ¢ = GALNE I1 WRIGHT o 20 WILTKE «
Houree of \ : Hew
Variation|df | 88X | 8pxv | g8y ¥'olagl us P leuls
Total 19 | 136450 110150 | 792400 | 766.98 | 18
Groups 1] 3880 | 73.61 ] 125,08
Trrop 18 1%92,70 | 30,99 | 666.95 | 664,50 | 17] 39.09
pige. (G) 102,18 10248 2. 62 | W, 8,
General mean gain - 264 5
Stendard deviation = Ge 09
¢ w 27%,0%
T ABLE « B6
i iy ¥
ADTUS" %4ﬁwﬁﬁﬁim%§éﬁgwﬁmmx.3%%§%§§ﬁ AND CONTROL
Mean welght]Deviation Lrom| Adjusted
gt 9 witae. experment mean |Product|lean gain|mean pein
Group X ibge * bx ¥ Abss Y=bx
Inoculated | 37.7 “ 4,8 - Octhl| 2334 23, 30
Control L7 1e2 0,096 28,55 28 16

Experiment mean/Y weeks welght
b

= 595 Llbse
w 0.079

The small reduction in the difference between

the mean geine when the adjunted means were calolated and the

non-signiticent result in the analysie of ecovariance ﬁm&iﬁw@%@
the growih rate of the inoculated lambs by

that no affect on

the trestnent can be inferred from these datas The slgnificant
difference in the welght gains made vetween birth and twenty

weeks may be due in part to the itreaitment but this can mi be
determined from the evidenece in h&m@w Part or all of the
difference in gaine wee most cerdalnly due Yo some other factor

which operated from birth.




w 4t -

(b} Slaughter Resulibs

The Chi-square test applied Yo the carcase
gradings given at the Longburn Freeszing Vorks gave a non=-
sipnificent result, That is, no dlfferencein the gradings

of the two groups could be steted with certeinty to exist,

In Table 67 sre the aversge Liveweights at
alaughter, the dreesing percentages and the ages of the two
groups of lambs, The only difference appears 4o be in age.
The inoculeted group, because of thelr slower growth rate,
took & longer time o reach killing welght than did the
control groupe.

TABLE - 57

INOCUTATION EXPERINENT SLAUGHTER RESUTLTH

Tivowel gt PFEsEIng
at slaughter par Age | Nunber of
Group (ozs ) cent (Daye) | Animale
Inoeulated 75 2 1245 178 7
Control 770 1.5.0 160 12

(NOTE: Carcase welghts were frozen welghts, i.e

hot earcase weight less i

af %
%o )
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(¢} Dung Analyses
A summary of results is presented in Table 58,

TABLRE -~ 58

INOGULATION EXPERIVENT DUNG ANALYSES

(DRY MATTER BASIS, PBR CoNm
Date sampled 30/10/51 6/11/%4 10./11/51 |
1o e - Tho cu- inocu-
Group Control )| lation | Controlllation | Controll lation
Protein % 2o 3 2he b 171 211 234 1 23,8
Ash %& 224 4 3%&5 l&@»i& B)Eo 2 2h.e :’5 Q&w@
. F, B, and ether
Bxtract %
(by aifference) | 35.7 3244 30,0 2945 35,9 3602
Pibre % 17.6 22,2 124 5 17.2 16. 7 17+ 2
Totals % 100,0 | 100,0 4@0¢0 100,0 100.,0 100.0
?RG%@&WOQ Mp% 3‘3@3 51 N4 280 7 3‘1 ° 1 3)0-» 5 30@8
e FoEo /0 Mo & 16,0 10,8 5063 436 B L7 b 169
Fibre/ 0. V% 22,7 282 21,0 256 . 22,1 22,3

o consistent differences between the two groups
can be observed over the Tabls. It is noticeabls, however, thal
the percentage of erude flbre is greater in the inoculated group
in the first two samplings which agaln is the reverse of what
would be expected. The differences between the groups are also

mich less in the third sampling than in the other two.

It must be realised that the number of sheep
from which these samples were taken was small and that the
samplings were fews For any concerete result to emsrge, the
differences bebween samples would need o be large and consistent,

requirements which are not fulfilled in ¥the figures in Table K3,

This preliminary trial shows, therefors, thai
no adventags can be geined by carrying out rumen inoculations of

lambs by the procedure described above, The weight gains made



by the two groups, the comperative slaughter rssults, and the
dung analyses, reveal no superiority of the inoculated lambs

over the other group which ig the resuld that was sought afier.

There are two facts whimh may partly account
for the anomglous resulis; viszs
‘(&) The season was & poor one for lambs, beling ﬁxewptionally
wel - over twice the aversge rainfall was recorded in Manawatu

for th@ months October. snd November.

f%ﬁ“@ﬁ@WXamculatiaﬁ group of 1&%&%&%&&3«%@ chosen that they all
reached nine weeke of age within a f@ﬁﬂaayg of each o ther,

It so happened that to accomplish this the group of lambse chosen
were all early lambs and were among the Lirst ten 1amb@ to %@

- weaned in the whole flock running o1 the nutrition block. The
control group was weaned at the &&&@ age but the spread of
their lambing dabtes was much wider and they were weaned over a
long periods Some ogcurrence adversely affecting lamb growth
mey have baken place garly ian the season and affegted the

inoculation groups more severely than the conitrols
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SUMMARY and CONGLUSIONS
PART I - MILKING EXPERIMENT

Comeiderable discussion of results
having taken place in the various sectlons sbove, only
the major issues with which the investlgation was
concerned will be dealt with here.

The great variation in environment %o
which sheep in New Zealand are subjected in their life
time was stressed in the Introduction and the importance
of knowing the effects of this variation on the ewes
pointed out., This investigation was deeigned primarily

to examine the effecte of plane of nutrition on the
yield and composition of the milk of the Romney ewse and
on the growth of heyr lambe over the suckling period.

Differences in milk yield of the owes
on high and low planes of mutrition are shown by the
average figures for the periocd 10 - 80 days. 'The high

plane singles and twing produced 297% and 377k ounces
respectively and the low plane singles and twins 1812 and
2459 ounces. The differences in total milk yleld were

due to differences in level of production throughout
lactation and in persistency of milk flow, the low plane
groups belng less in both respecis.

The composition of the milk showed
lactational trends for fat, total solids, solids-not-fat,
protein, lactose and ash. The low plane of nutrition
caused the fat to rise and the solids~not-fat, the protein
and the ash to fall, but there was no change in the total
solids or lagtose.

An analysis of variance on performance
in previous seasons and in this one showed that there was
no evidence of repeatability of milking ability in these data.

An estimate was also made of the energy
of the milk and the energy ylelds of the ewes were compared
over the same perlods as for milk yield. The high plane
single and twin groups yielded 3885 snd L7535 ounces of fat-
corrected-milk (L per cent) respectively and the low plane
singles and twins 281k and 3696 ounces. The four groups
are in the same order here as they were for yield of milk.

The energy calculation had no "smoothing @ffect" on the
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data, there being Just as much variation in the ylelds of
the individual ewes within a group on the energy basis

as on the milk basis.

The resulte show, therefore, that ewes need
to be adeguately fed if they are to yield milk of normal
composition to the fullest extent of which they are capsble.

4 detailed study of the growth of the
lambe in the milking groups and of the relation of thelr
wialght gains to the milk yield of the ewes was also made.
0f the factors affecting lamb growth at this early stage
(10 = B0 days), besides the effect of the plane of mitrition
imposed, only birth weight and type of birth (i.es single
or twin)} were importent under the conditions of this
experiment.

Signiflcant differences in growth were
found between the high and low plane lambe and between
singles and twins, some of the letter being due to differences
in birth welght,

Correlations between milk yield snd
lamb growth over successive periodes of the lactation show
the almost complete dependence of the lanmb dn the milk
supply of the dam over the first weeks of l1life and the
decreage in ﬂ@pamﬁ@m@% a8 the lemb ages; @ g in the high
plane single group the dorrelations ran 0,88, 0.54 and 0,05

forthe three successive periodsof two, four and four weeks.

In view of this result the need of
breeding ewes copeble of yilelding a plentiful supply of
milk, particularly while the lamb is young, hardly needs
emphasis. A poorly grown lemb will not be eble to make
full use of the food avallable to it in later life; the
most eritical stege therefore ie the early period after
bilrthe

Highly eignificant regressions were
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found for leamb weight gain on milk yield in the early
stages and for milk yield on lamb gein over the sane
period. These eqgquatione give further support to the
suggestion of developing a method for estimating the
gomparative milking ebility of ewes from the growth of
the lanmbs,

Efficlency of conversion of milk into
welght gains by the lembs was determined for all groups.
The gross efficiency inecreased as the lambs neared weaning
age due to the increased consumpilon of food other than the
milk of the ewes. Interaction effects between plenes,
periods and types in the analysis of variasnce were explained
in terms of differences in ﬁh@ level of milk inteke and in
the ages of the lambs when they first began to est pasture
in guantity. The importance of the milk supply in the

esrly steges was emphasised again by these f£igures.

Throughout the study correlations belween
intake and lanmb growith rate were compared on the basis of
both milk energy (expressed as L% fat-corrected-milk) and
actual nilk yield. The reeults show that the weight of
milk yielded is & better measure of the value of the milk
to the lamb than the total milk energy when the latter is
determined from the percentage of fat in the milk and the
weight of milk yileldead. The main reason for this appeared
to be that the growth of the lambs was more dependent on
the amounts of proteiln end ash in the milk ingested than on

the energy intake. The protein end ash followed the
absolute yield of milk more closely than did the energy
content and thﬂm the pelationship between milk yield and
lamb growth was closer than that between energy yield and
Lamb growth.

The most important result emerging from
this experiment is ths dependence of the lamb on the milk
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supply of its dam for mainbeining maximm growthe The
yield of milk is therefore & most important characteristie
of ewes., This is partioularly so in New Zealand where the
fat lamb industry relies greatly on the production of
gquickly fattening lambe, which requires rapid growih in
the early post-natal stages, the perliod when milk yield is
all-important. |

Taking the milk yield of the ewe inte
consideration in 8 breeding plan would present practical
and theoretical dAifficulties, As has already besn pointed
out the problem of meassurement of yield c¢ould be overconme
by using the weight gaine of the lamb over the first few
weeks as an index of milking ability. This would not be
prachiicable except in a very general way under any bud
stud conditions. In & commercial grade flock where the
individual ewes and lanbge are not identified 1t would be
wall nigh imposeible to use the lamb as an index of the
ewe' s value except for between mob or between flock

gomparisons,

The addaition of anothey item to the
gelection index would grestly reduce the selectlion
potential and this mey be the most serious disadvaniage
to the inclusion of milk yleld in the estimation of a
ewe's worths Whether or not the yield of milk is taken
into consideration will depend on ite relative economie
value and, though this value is dlffieult to determine,
it may well be higher than the relative economie values
of some of the eriteria at present r@%ﬁw&@&‘ﬁy stud masters

as belng of inmportance,

The principal aim of this experiment was
to study the effects of overstocking on the milk yield of
grazing ewes. At the same time it wae hoped to gain
gome ineight inte the effect on the yleld and composition

of the milk of the transfer of sheep from one type of
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eountry to anotheyr, vigs from fat lamb condiitlions Yo hill
country conditions and vice veresa. Under the syatem

of f&% lanmb raising in Wew Zemlend such a transfer 1ls common
practice -~ the flock ewes from the stud breeders (lowland
country) go on to the hills early in life and later, as
cast-Top-age ewes, are sold to the fat lambd Parmers on the
rich flats where they are used for one or two seasons
longer.

It would be most diffienlt to carry out
this milking technique with ewes on the harder hill
gountery. It was considered that by imposing & low plane
of feeding on grazing ewes, the results would et least
give some indication of the performences of hill country
ewe s,

The validity of any conclusions drawn
from this perallel would depend on how nearly the condltlions
of the low plane group approsched those of sheep grazing on

hill country. The pastures that these low plane sheep were
graging were typical high grade fat lemb pastures except that,
in this instence, the grass was graged down short and cone-
gisted mostly of the flbrous lower portions of the plents.

It was considerably solled alse for a great deal of the

time, particularly in the wet weather, The pasture specles
were mainly peremnial ryegrass (lLolium peremme) and white
clover (T. repens). The srea to which the sheep were
gonfined was restricted so that the caryying cepacity was
very high -« averege of about nine ewe equivalents per acre

in comparison to the normal stocking of about six ewe

Cgauivalente per acre,

In contrast, ewes on hill ecountry, though
getting equivalent amounts of bulk food; are under very
different conditionss The stocking rate ies much less
(2 -« 3 ewes) - the sheep have more scope and get the pick

of the tops of the grasses at most times. The pastures

are rarely composed of ryegrass and white clover alone but
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contain in addition guentities of brown-top (A. tenuis),
crested dogetail (C,eristetus), sweet vernal (A, ororatum),
yorkshire fog (H,lanatus), danthonia (D. piloes), suckling
clover (T.dubium), end perhaps subterranean clover (7.
subterraneum), The bigger srea and the more rugged
topography thet the hill country ewe covers aleo resuld

in much higher energy requirements for movement,

Therefore, in comparison ¢o normal hill
country, the conditions under which the low plene ewes in
this experiment ran must be regarded as artificial,
Neverthelese, despite this, the experiment can be interpreted
broadly from the peint of view of differences in nutritional
plenes of graging enimals, in conbtrast to previous resulis

obtained with penned enimals fed concentrates.

The results certeainly emphasise the dig~
advantageous effects of overstocking on mllk yields and suggest
that the milk yields of hill couniry ewes are of a distinetly

lower order than those of sinmilar animals under bebter condlitions.

PART IT - WBANING EXPERIMENT

The @mypaww of this investigetion was %o
compare the effects of different weaning dates, viz: nine,
twelve and sixteen weeks, on groups of simllar lambe, The
resulte show that, at least under good conditions, lambe
weaned at nine weeks of age compare favourably with later
weaned lambs, There were no significant differences
between the weight gains made or in the slaughter resulis

of the three groups of lambs,

& considerable saving in costs of produgtion
counld be expected from early weaning due to saving of pastures
and protection of the health and condition of the ewes, the
earlier the weaning the grester the saving The results
indlieate that welght rather than age may be the better

indicator of weaning date.
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PART ITYI = INOCUTATION EXPERINMENT

A small group of lambs nine weeks of age
and just weaned was &%wwa&$%$ﬁiwxﬁh rumen ingests Lrom
mature sheeps The object of the experiment was o
determine whether an improvement in growth would result
from the early establishment of 2 mature microflors in

young eheep.

The results were inconeclusive but indicate
that under the excellent conditions of nutrition preveling
in Wew Zealand the practice would not have much value. There
i the possibility, however, that under harder conditions some
small assietance to the lamb suech as this, may prove to be
of practicel importence and the results do not suggeet that

Purther experiments in this line would be unwarranteds
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APPENDIX TABLE I

MILKING GROUP EVE VEIGHTS (1bs.)

Bwe ; ,
| No. |15/3 129/3 119/n | 2/5 148/5 | 1/6 119/6 129/6 |13/7 130/7 | 7/8 111/9 12%/9 110/10] 23/10 | 5/41 |19/11 | 6/12 |
8 18] 4n7 | 139 | 450 | 152 | 152 | 150 | 450 | 455 | 161 | 163 | 1u7 | 188 | 4uz | 486 113 149 136
9 117 | 148 | 113 | 120 | 123 | 122 | 122 | 422 | 128 | 129 | 131 | 155 - 130 | 425 139 133 128
3, 139 | dpy | 138 | dun | 452 | 151 | 151 | 155 | 156 | 158 | 164 | 124 | 126 | 126 | 126 127 126 108
30 139 | 450 | 138 | 4n7 | 158 | 458 | 162 | 166 | 47n | 179 | 182 | 448 | 135 | 153 | 153 154 156 149
65 105 | 106 | 100 | 108 | 416 | 117 | 122 | 126 | 131 | 130 | 130 | 400 | 102 98 | 103 101 103 99
86 135 | 136 | 133 | 140 | 152 | Ap2 | 13 | Aap6 | 452 | 452 | 152 | o~ | w3 | 138 | 15n 133 133 139
88 134 | 433 | 131 | Aun | 1k3 | 43 | 150 | 151 | 453 | 52| 48 | 114 | 110 | 107 | 108 107 | 108 104,
96 150 | 451 | 437 | 150 | 156 | 157 | 458 | 162 | 171 | 176 | 183 | 156 | 155 | 419 | 145 130 1.6 139
o1, 118 | 117 | 106 | 448 | 121 | 115 | 110 | 106 | 4110 | 447 | 125 | 120 | 423 | 119 | 1% 116 17 113
123 450 | 437 | 4nh | 451 | 455 | 452 | 451 | u9 | Ann | 42 | dpn | 117 | 118 | 146 | 121 121 i25 120
185 130 | 434 | 428 | 133 | 438 | 138 | 1nt | dn2 | x| duh | A3 | 450 | 455 | 135 | 137 135 1%0 125
391 | 435 | 137 | 12 | 453 | 449 | 150 | 455 | 456 | 161 | 469 | 170 | nt | 4n9 | Ax5 | 1n2 145 147 141
108 15, | 457 | 450 | 159 | 165 | 166 | 166 | 168 | 171 | 169 | 172 | 1x2 | 137 | 136 | 140 137 130 130
29 135 | 131 | 126 | 141 | w6 | 456 | 451 | 152 | 485 | 458 | 161 | 122 | 415 | 915 | 114 (PN 117 111
55 127 | 127 | 446 | 131 | 137 | 435 | 138 | 4w | 151 | 457 | 162 | 440 | 410 | 444 | 112 142 142 10
13,0 142 | 1p5 | 138 | 166 | 452 | 153 | 45| 156 | 161 | d62 | 162 | 433 | 127 | 126 | 13n 128 125 119
89 482 | 490 | 178 | 18 | 80 | 186 | 185 | 487 | 194 | 191 | 195 - 182 | 1470 | 170 169 169 167




APPERDLE TABLE 1 {Lontd.)

§§? 15/3 | 29/3 |19/0 | 2/5]18/5| 1/6119/6|29/6143/7 ) 30/71 7/8]44/9 ] 25/9140/10 | 23/10 | 5/44 ] 19/141) &/12
1 |429 |43 |120 |436 |4n1 |425 | 420 | 427 | 129 | 136 | 437 | 114 |11 | 106 103 99 111 103
10 |19 |450 [4n1 |19 |48 |n2 |143 |4x2 [ 433 |46 | 149 (122 [148 [ 116 | 410 106 | 116 111
16 |1y [437 |43n |4w0 |45 [ 431 |130 [ 128 | 427 (26 | 431 | 100 91 k! 95 9% | 105 109
28 |[100 |09 92 |402 |04 | 97 | 93 92 92 95 95 69 67 71 76 70 72 -
wi |12% | 116 [109 [409 |409 |[109 |[410n [103 | 402 |103 |108 86 | 91 90 93 91 | 400 105
58 | 129 |433 [128 |437 |40 138 |10 | 136 | 133 | 133 | 133 97 | 99 92 8y 83 93 o
85 |436 |437 |129 |139 |4x6 |130 |[126 125 |42n | 127 [130 95 9% 91 90 89 96 400
87 1137 |135 |125 |4129 |135 |125 |426 |425 [12n |12y [127 [120 |12 |22 118 119 | 125 125
106|135 [133 [430 |42 |46 [13% | 432 [131 [132 [136 |4130 | 109 | 102 98 98 9% | 402 | 106
7h | 106 | 105 9y |402 [ 409 |10%1 |102 | 401 | 103 | 400 | 103 8 82 78 79 80 8y | 88
319 | 149 | 149 [130 |59 | 151 |45 | 4xt | 4xd | 440 | 137 [ 141 [ 4u6 | 149 | 150 160 - 169 171
217 | 110 [414 [109 [420 |126 |110 [441 [108 |106 [101 |100 | 106 | 83 85 82 82 84 88
219 |13 |143 [439 | 188 | 155 |1m2 | 437 |13 [135 [ 132 | 136 [149 | 130 | 125 130 145 | 120 -
48 | 435 |136 |433 |40 |48 11439 | 137 | 136 |13y [134 | 137 | 83 81 7 80 78 P2 4
67 | 168 |83 [180 | 153 [ 158 |[146 | 1u5 |y |1k | 131 | 132 | 151 - 105 106 102 | 106 106
117 | 112 |453 [ 443 | 45n | 157 | 146 | 4u7 | 146 | 1n5 | 151 | 158 [ 112 | 102 98 99 97 | 108 112
52 | 152 |45% |43 |57 | 165 |453 |52 |451 [ 452 | 455 [ 161 | 408 [109 | 106 108 103 | 145 115

- l2} -




APPENDIX TABLE IX

¥ fon W

RECORDED MILK YIELDS

Time Interval

. in Days ,
Noo |pete 17/8 ° 25/8 ° 2/9 T o/9 T 16/9 7 23/9° 2979 T 6/10 T 13y10 ‘Pans10 2 311" az/11™t 412"2 4310
Hi Plane
8 - - 55 | 5k 62 58% [ %'3%“""“" o7 | 3t 395 | 20 30 19% -
9 - - - - - - | 72 55 | 60 588 | 46 i | u0f 22%
3. - 165 2% 34 32 32 34 22 21 19 14k 134 9 -
50 - - - - %9 yy | uht 44 31 40 284 30 28% 1
65 - 11 56t | u5: | 53 58| 15 n5% | 38 50% | 35 29 19 -
86 - - - - 66k | 56| 58 53 | u8% 2t | 25 26t | 15 1y
88 - 32 36 R 33 35 | 3% 3 33 26 19% 15 13 -
96 - - 77 | 9% | 59 66 | 53 598 | 57 i | 35 27% | 18 -
10y - bk 58 | 65 65 | 61% | 48 ¥z | 38% 32 264 22 | 10% -
123 - - - 50 | 8% | 58 | 51 50f | 53 k| 38% 26 22 12
185 - - - - - - | 62% 36 55% 19% | 38 0 27%
391 50 | 55% 5 56 51 61 | 5n n3 59 39 29 27k | 1% -
408 - - - 30 58 Wk | W7 w37 13 27 3% | 23 -
Twins
39 - ~ 708 | 7% | €9 58 | 62% 5u% | 89 36 25 21, 23 -
55 80 84% 81% 65% 68% 62 524 16 3h. %0 27 224 27% -
140 - - 73 74 65: | 56& | 58% 61 504 29t | 26 3% | 19% -
89 = - - - - 95 | 86 82¢ | 58 63 | 52 w7t | 2% -




contd. )
II (Con
IDIX TABLE

72

9/9

16/9

5%z

L7%E
32
36

25/40

3/ 14

164
28

134
174
12
18}
24

35

13
35%
26

17/44

175
19
13

124
17
17
183
25

1
26

27

1/42

134
174
%%

108
16
17

13g

182
103

11%
13%
13%
23%

13/12

12
9

- 621 -



APPERDIX TAELE III
RECORDED FAT PERCENTAGES

Time Interval

- , 7 7 1.2 4
W%?“’g ’ 25/8 2/9 9/9 | 16/9 | 23/9 i 29/9 | &/10 ‘55/?@@'25/‘?@ 3/14 i '%?/’f'?? ‘3/’?24§2 13/12

8 8.6 7.6 6.5 | 8.0 6.8 | 5.9 8.0 5.9 7.8 9.2 10. 1

9 3.6 | 1O 4.0 1o O o0 1.0 5e 6 6.6

3 18 9.9 Fol 5.7 | 7.0 6,0 | 5.8 6.5 6.5 €. b 8.8 9.4

10 3.8 | 9.2 7.0 | 6.6 6.9 5.2 | 6.0 Gole 74 | 8.8

65 10.7 |10.14 6.8 6.8 | 6.0 Sek | beB 5, 8 5.9 6.8 6.7 8.2 p
86 2.9 | ko2 6.b | 8.1 7ot 75 72 10.0 7.6 | 13.2 3
88 ey | 7.7 69| 7.7 7.0 5.0 | 6.8 6.1 he7 | 5.8 7.2 8.2 ©
96 8.4 | 60| 5.8|6.6 | 31|68 60 | 55 | w8 | 7.7 | 7.1 !
101 55 | 35 2,0 2.2 | 2.0 3.2 | 3.3 oy e B 3,0 6.7 6.0
123 10.4 7:3 he6 | heo7 5e 2 o2 Be by 1.9 6.6 9.6
185 9.0 [10.0 6.1 303 5o 2 ha¥ 6.0 8.2
394 9.6 Goly | 7-9 6.5 6.8 | 5.2 5.2 | 6ol 6.5 5.7 7+3% 8.0 Gely
108 9.2 7ok | 5.8 7.0 | B.2 6.2 6.8 5e3 6.1 y)
Twins

39 8.0 6oty Gl | ko2 3.6 | 5.0 he 2 3.6 | %.8 6.4 7.6

55 12.9 9,0 8.6 7.2 7.3 | 5.6 ot | 7ok 6.3 6.3 7.9 7.8 8.6
140 75 | Belk | Dok | 5.6 4.8 | 5.5 6.5 5.7 | 7-6 6.9 6o 1

89 6.2 5.0 | 5ok 6.2 3,2 3.8 o by 4.0




APPENDIX TABLE III (Contd.)

16/9

417/14

17/8 | 25/8 2/9 | 9/9 23/9 | 29/9 | 6/10_ | 43/10 | 25/10 | 3/11 1/12 | 13/42

1 10,8 | 9.3 | 8.2 | 8.0 |7k [ 7-7 7.6 | 7-2 7.5 | 10.6 | 8.9
10 | 60 Baki | 7e6 | 6.0 | 5.1 |26 1eO 506 | ka8 6.0 8.0 | 10.6
16 9.3 | 7.7 | 10.n | 9.7 | 10.2 | 9.0 | 8.3 8.3 7.2 | 8.4 | 8.0 8.0

28 7.0 | 7ok 8.5 | 8.3 9.6 | 9.0 | 71 8.8 | '

51 6.0 heoB 6.8 6.2 | 10.2 | 5.8 8.8 | 10.6 | 7.6 8. 6.5

58 9.k 8.9 | 9.8 8.0 6.5 | Gt 7-7 6. b 7.0 74 6.0 | 11.2
85 9.0 | 8.1 7.2 | 8Ben | 8.6 | 7.2 | 5.8 6oty 5.6 5o 5 6.2 Be &

87 10. 5 51 6.0 | 6.8 | 5.6 | 1.8 6.0 5.8 | 6.6 6.7 8.2 | 7.8
106 7.1 | 7.8 e O 6.6 | 6.2 5.0 | 3.2 hek 5.0 | 5.7 BB Beb |

7h. 6.5 7-9 7.0 6.0 56 | 5.8 7.2 5.2 | 6.0 6.3 6.6 | 11.6
217 6.5 9.8 7.7 | 8.0 8.4 - 5 6 |
219 76 | 7.0 | Bk 8.3 6.0 8ok 6.8

18 be 10,6 |10.2 | 118 | 8o | 7.2 8.2 6.7 6.7 9.2 7.6

67 | 9.4 | 6.8 | 7.0 6.8 b6 | 5.8 6.2 6.0 | 8.2
117 8.6 7.2 | 10.1 9 4 8.0 | 6.1 5.5 4.8 5o 2 Gel 7% | 9.0
52 10.9 8.7 1.6 | 7.2 6.8 | 0.2 | 5.2 | 5.6 5. 6 6,0 5o 6 6.7

- Ll -



APPENDIX TABLE - IV
ANALYSIS OF COMPOSITE MILK SAMPLES {per cent)

¥at  [fotal Protein |  Lactose Humber of
Daie (Gerber)|Solids | S.W.¥. | (Nx6.38)| (by aiff.) Ash GaQ, 32:35, Sheep
% | | High Plans
*17/ 8/51 | 14.1 | 20.82 | 9.77 5o 3k %4 59 0.8y | = - 2
25/ 8/51 | 9.5 | 19.83 | 10.33 5o 89 5455 0.89 | < 37 7
2/ 9/51 7.9 17-46 | 9.56 Be 42 3,28 0.86 | .29 3k 10
9/ 9/51 6.8 17.05 | 10.25 5,3 e 44 0,84 <35 12
16/ 9/54 6.2 16.6 104 4. 5. 271 e 35 0.84 .27 35 12
23/ 9/51 | 6.5 | 17.16 | 10.66 5.0,2 hek2 0.82 | .26 .35 12
29/ 9/51 5. O 15,82 | 10.82 5ol e 62 0.80 .27 3L, 12
6/10/51 | 5.6 | 16.62 | 11.02 5,87 b 27 0.88 | .27 .35 12
13/40/51 6o 16.92 | 10,82 5e 13 le 58 0.84 .27 .35 12
25/10/ %1 Bah | 16.01 | 10.61 5. 38 ho 42 0.81 .26 | .35 12
3/41/51 | 6.0 | 17.06 | 11.06 6.22 3,95 0.89 | .30 .35 12
17/41/54 7s2 18.21 | 11.06 6.0 3. 48 0.88 .28 o 5k 12
1/12/51 8.0 19.12 | 11,42 6.16 1,07 0.89 - - 12
12 week average
8.7 17.32 | 10,64 5, 6l ke 15 0.85 .28 .35

- 26} -




APPENDIX TABLE IV ( Contd.)

Pat | Total Protein | Lactose Number of |
pate_ |Gerber)| Solids | S.N.F. | (Nx6.38)| (by aiff.) | ash CaQ. | P0;, | Sheep
Low _Plene
25/ 8/51| 8.6 | 18.15 9.78 4.92 3.53 0.9% «31 «36 5
2/ 9/51| 7.9 | 17.00 9.10 5.01 3.23% 0.86 | .23 «33 12
9/ 9/51| 7.8 17.85 10405 5. 11 he 11 0.79 34 13
16/ 9/51| 8.0 18,04 10.04 4. 82 ho X3 0.79 .25 .32 13
23/ 9/51| 8.0 18.07 10,07 5.02 %25 0.80 .25 «31 13
29/ 9/51| 7.5 | 1748 9.98 496 he 25 .77 | -25.| .34 13
6/10/51| 6.0 16.51 10. 54 5e 32 he 35 0.8y | .25 «3h 13
13/10/51| 6.9 1741 10.5% 5e 29 ho 42 0.80 - 27 o34 13
25/10/51| 6.2 16.27 10,07 Be 14 e 14 0.82 «2h +33 12
3/11/51| 6.2 | 16.52 10,32 5.28 320 0.84 | .27 .33 12
17/11/51] 6.8 17.46 10, 66 5e7 109 0.87 «26 «35 12
1/12/51] 7.3 18443 11.13 5«93 4 31 0.88 - - 12
* 13/12/54| 9.8 - - - - - - - 6
12 week average _
7.3 | 17.43 10.18 5o 21 e 14 0.83 |0.26 <33

* - omitted from average.

- CL -
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APPENDIX TABLE V

WOOL WEIGHT OF MILKING EWES

High Plene L T Low Plene
Ewe No. Wool Weight Ewe No., Vool Weight
Singles 1bs. Singles [  1ps.
8 - ' 1 - "%
9 11.8 10 7.5
3k 1.3 16 | 6.9
40 47 28 5 s
65 7:2 11 7.0
86 11,2 58 7.2
88 95 85 8.5
96 14 4 87 8.6
104, 9,0 106 9.6
123 8.1 7k 8.1
185 6.7 319 -
394 143 217 Be1
1408 8.2 | 219 -
Twine Twins
39 10.3 48 .
- 85 10.4 67 -
140 9.2 17 -
89 13,3 52




MILKING GROUP LAMB LIVEVEIGHTS {Ibs.)

APPENDIX TABLE VI

[~ Ewe| Lemb|bate of | Birsh ,
No.| Wo. [Birth | Weight| 17/8| 25/8| 2/9 9/9] 16/9 ;3/9 29/9| 6/10| 13/10 | 25/40) 3/44 | 47/11 | /12 | 13/12
8| 85 | 26/57 | 15% - - 17 | 212 27 |33 |37 |4 |’ |5 |5 6, |70
9 | 57n | 2279 | & - - - - - {=n |16 |20 |2 30 352 | »? 50 55%
3u | »13 | 14/8 % - | ME | B | 16 19 |22 | 2u; | 27 [ 30F |35 40 yt o |29
50 | 549 | /9 8 - - - - 12 |16 |19 | 22 | 25 |32 37 43t |49 5k
65 | see | 15/8 | 12 - |15 | 19 | 22 26 1292 |32 |36 |36 |m 46 | 53 |59
86 | 555 | 9/9 | 1ud - - - - 17 |23% |28 |32k | 37 y2r | 48% | 55 61 664
88 | 523 | 15/8 | 8 - | g | 17 | 2082 |26 | 28% | 3 35 | 9% | 37 |3 !
96 | u7n | 25/8 | 17 - - 20 | 25 3 |36 |39 | &3 | u6E |5 | 57 62 68 Nt
104 | 151 | 21/8 | 13 - |13 19 | 21 28 133 | 358 | 38% | it |46 50 56 61 1
123 | 552 | 2/9 |43 - - - |15 20 j2xk 127 |31 | 3n |39%F | 4k 49 5%% | 57
185 | 575 | 25/9 |13 - - - - - = {12 i | 25 |29% | 35 i 51 55%
391 | »06 | 10/8 |10} 13 |17 | 225 | 26 3% 135k | 37% | wE | wud |u8E | B 56k | 6%
408 | 513 | 13/8 |14 - - - | 16} 21 |26 [29% |33 | 36 |2 455 | 50 56
39 | u72 | 20/8 |10 - - 12% | 16 19 |29% j2n |27 |29 3z | 37 | ¥iE | 45%
47% | 21/8 10% - - 13 16 18L | 24 23 26 28% 34 38% 134 18
55 | 511 | 13/8 |12 13 |17 21% | 2 28 132 |33 |37% | 39% |45 g | 51 56
pi2 | 13/8 | ME {15 19% | 22% 25t 129 |31 |34 | 36 4§ | 42 18 50
140 | 360 | 22/8 | 10% - - 135 | 165 20 |23t |25z |28 | 3 35 | 39 | &3 48%
561 | 22/8 6 - - 8 | 1 175 117 19 22 25% 30 33t | 38 Ly
89 | 562 éfj//? 89% - - - - - |25 [45% | 19 22 26% 30 37 L3
563 |13/9 - - e A Wz (172 [208 |26 30 35 30%




APPENDIX TABLE VI (Contd.)

Lamb

Date of

Birth

No. | No. | Birth weight | 17/8 125/8 | 2/9 | 9/9 [16/9 |23/9 |29/9 | 6/10 | 13/10 | 25/10 | 3/11 17/1% | 1/12 | 13/12
1530 | 31/8 13 - - | 7= |16 |20 | ond | 278 | 31E | 35 358 | 39 45 | 51 5h
10 | »92 28/8 12 - - 125 | 155 | 185 | 22 2y | 27 30 35 hhg bl 7% 19%
16 | 426 | 16/8 114 - | 435 | 18 | 20% | 25 | 26 | 274 |30 %2k | 3 |36 wit | a5
28 | 115 19/8 10 - 14 128 1128 | 13 52 | 16 | 172 194 - 20 36 - 36
k1| k77 25/8 15% - - 18 22 25% | 29% | 32 | 36% 38% 42 45 50 bl
56 | 487 | 27/8 10 - - 110 |y | 18 | 290 | 2ud |28 31 3% |37 Y3 | 47 | 52%
85 | 435 17/8 11 - 128 | 19 224 | 26 | 30 32% | 35% 38% KO% | 3 45 49
87 | 193 28/8 10 = - 10 155 | 208 | a2ns | 28 |32 35 38 105 L7 455 53%
106 | pih 19/8 10% - 1% | 458 | 20 23 25% | 26 |30 32% 36 |39 15 18
7% | 486 27/8 8 - - 8¢ | V2 | | A7 | 19% |22 23% 26 27% 33 35% 39
217 | 557 11/9 8% - - - - 9 1% | 13 |1k 15% 165 |18 20 28 28
219 | 572 | 17/9 13% - - - - = | 1 | 185 |22 | z2f | 350 |4 3 145 49
18 | 457 22/8 10 - - i2 1%3% | 15 5% | 16L |18 18% 20 21% 27 32%
553 22/8 8% - - 14 125 | 13% | ik | 165 |18% 19% 24 23% 28 %2
67 | 569 16/8 10% - - - - - 1 12k |1y | 16 | 19 |22k | 28 |32p | 37
568 16/8 10% - - - - - 42 int |17 19% 22% | 25% 34 3 39
117 |49 | 28/8 "y | - - | ME | 15519 l22f | 26f |7 29z | 32 (36t | 39% |uB% | 51
495 | 28/8 9% - - & | Mz |13 |15 |16k |18 9% |23 |en 31 |35 | k0%
52 | & | 20/8 9% - 9% | 13 5% | 158 | 18 20 |22 2n% 28% |30 33k |36%
47 | 20/8 10 - | 10F [k | 17 [19 |22 ot |26F | 29 33 |35 | |ny




APPRNDIX TABLE VII

WEANING EXPERIMENT LAMB WEIGHTS (Lbs.)
Lamp |Dace of |Biroa ' ‘
| Ho. Biz%iz 1¥es ﬁ%m 5/9 l14/9 | 2579 | 10790 | 23/40 | /44 | 49741 | w/42 | 17/42 | 34/42 | 1474 | 1n/4 | 29/4
508 % 136 |20 | 30 | w1 | 18 55 | % 63 | 65 71 80
570 | ¢ - | | 25 33 39 | &5 52 | 56 62 68 | 711
596 | 29/8 3 |19 |22 | 31 | 38 46 52 | 56 61 | 57 €5 7h | 7%
565 | 12/9 % | - - | 21 | 32 13 59 | 57 62 | 65 70 75 | 80
561 | 12/9 13 - - | 22 | 32 40 56 | 5 55 | 57 6t 711 75
576 | 25/8 13 | 22 22 34 39 57 53 61 65 68 75 80
532 | /9 1: | A |15 | en | 3k 31 46 | 52 56 | 58 66 75 | 78
466 | 23/8 12t a2z |25 | 33 | &2 49 55 | 59 63 | 65 72 75
Twins
o2 | 10/8 0% (26 |26 | 32 52 36 52 55 58 60 70 75
403 | 10/8 9 |22 |23 | 28 | 36 | i 19 | 53 57 | & 67 72
517 | 31/8 9 | = |13 | @ | 27 34 1o a5 5 | 53 59 71
518 | 31/8 98 | & |14 | 20 | 28 33 W | 46 52 | 57 61 75
540 | 2/9 12 | = |17 | 26 | 33 38 42 | a7 50 | 52 56 66
551 | 2/9 12 | - |16 | 27 | 3k 34 5 | 5 60 | 62 69 79
y52 | 21/8 M |21 |21 | 30 | 36 43 w7 | 51 56 | 58 63 €9
153 | 21/8 04|18 |19 | 27 | 33 39 3 | 49 52 | 5k 58 &5
509 | 31/8 ML |19 | 23 | A 38 55 | %9 55 | 58 63 78
510 | 31/8 718 || 17| 22 25 29 | 3% 12 | 15 52 63
597 | 29/8 12 |17 [ 18 | 27 | 36 il 5 | 56 65 | 68 75 85
%98 | 29/8 13|16 |17 | 23 | 32 38 | w1 57 | 62 8 42
483 | 26/8 ﬁ% - |20 | 28 | 3 7 55 | %9 63 | 65 72 80
181 | 26/8 0t - 19 26 | 3n 24 18 51, 59 6 69 80

- JG} -



APPENDIX TARLE VII (Contd.)

" Lamb | Date of | Birth \ v ' ‘

Ho. Birth Veight w/9 | 11/9 | 25/9 | 10740 | 23740 | 5741 | 49/41 | w/i2 | 47/42 | 31/42 | 44/3 | /11 29/4
12 _weeks groups = singies : .

478 26/8 13 18 23 33 42 50 56 : & 72 78
538 1/9 44 - - 27 35 1 18 53 5 62 68 72 79
531 1/9 8 - 1 17 | 22 22 2 | 30 36 3 15 52 54
566 | 16/9 13 - - 18 29 38 43 52 58 6. 70 76 8o
50 | 28/8 4% 21 22 33 37 W | 5% 59 6y 66 7 75 82
141 18/8 12 25 26 37 %6 54 & 67 72 78 8. 90
463 | 23/8 11 i 2 | 33 43 51 59 6y 67 &9 7% 80

twins ' 1

50l 10/8 8z 21 21 25 32 36 15 50 5k 58 62 & | 752
¥05 | 19/8 8 19 23 23 31 37 b 48 54 Bl 59 66 | 68 @
523 | 31/8 13 - 17 | 25 | 33 36 | w1 5 | 56 61 6 - 72 |78
52, 31/8 114 - i6 | 23 29 35 L2 50 56 58 66 - 72 |73
Br7 | W9 12 - 1 18 2y 29 32 38 16 v7 Bk 61 | 6x
548 9 12 - 1 20 24 28 33 40 46 w7 5 61 | 6n
139 17/8 9% 21 22 26 32 39 15 51 58 62 69 72

L3z 17/8 10% 22 23 29 37 Ly &y 5t 5 53 56 62 | 62
514 31/8 1% 15, 18, 21 28 36 33 19 55 60 65 72 |78
512 | 31/8 1 1 i 21 28 35 52 59 55. 57 65 72 | 78
551 $/9 1% - - 21 39 38 Ly 52 58 6L €8 777
552 9/9 1% - - 20 26 32 38 46 53 57 6y |70




APPENDIZ TABLE TO.VII {Contd.)

Tamb | Date of | Birth ‘

| Wo. Imirth | Veteht | /9 | 14/9 | 25/9 | 10/10] 23/40 | 5731 | a9/11 ) »/12 L 17/392 34/42 | 11/4.) 1n/1) 29/
16 week group - singles '
575 | 25/8 13% 22 23 33 42 48 5k 62 6k 68 73 76
0 | 18/8 14 25 26 3L 52 57 51 | 58 6% 66 69 7h
500 | 29/8 1% - | 23 37 | u6 55 59 68 76 | 80 8y 93 | 95
550 | 8/9 15% - - 27 38 L7 53 63 7 77 8y 91 | 95
515 | 31/8 3 - 19 29 36 43 48 57 62 71 73 79 | &5
1590 | 27/8 16 25 - 38 18 56 62 74 77 82 g0 99 | 104
336 | 18/8 13 29 32 52 - 58 &), 72 76 78 8y
367 | 21/8 132 23 25 33 42 52 56 65 72 | 70 | Bk 88
568 | 21/8 a9t 18 20 28 36 13 18 57 b4 63 73 75
535 | 1/9 10 - i 20 26 51 35 43 16 16 5. 62 | 66
546 | 1/9 9 - 12 19 23 34 36 42 15 52 58 65 | €8
588 | 27/8 11 18 19 26 32 37 B4 37 Bh. €0 67 71 76
189 | 27/8 10 12 19 25 32 39 55 53 58 62 €8 7 | 76
515 | 31/8 12 15 16 2% 30 36 L2 18 51 58 59 68 | 76
516 | 31/8 12 - 16 | 2n 31 36 52 59 53 61 57 er | 74
521 | 31/8 K - 16 22 30 36 42 19 55 0 Giy. 7> 78
522 | 3%1/8 42 - 17 o2 31 38 k4 52 56 &5 |- 71 79 83
519 | 31/8 9 - 13 T 16 21 26 32 39 53 58 57 | &1
520 { %1/8 11 16 16 18 25, 29 %3 30 23 58 5 61 6.

- GG} -



APPENDIX TABLE - VIIX

SLAUGHTER RESULTS

»  WEANING BXPERIMENT

| Tamb Tive weight at| Age Carcase

No. slaughter (pays) | weight Grade #
1bs. 1bs.
9 weeks groups

508 (Singles) 80 155 37 Dd
570 72 138 32 P2
196 I 156 33 P2
565 80 1340 36 Y
561 75 142 3, P2
176 80 139 35 b2
b2 78 153 35 Dz
166 75 5.1 30 P2
502 (Twins) 75 154 35 D2
403 72 154 32 P2
517 71 151, 34 P2
518 7k 15k 31 P2
540 73 179 33 P2
5y 72 152 35 P2
yh2 75 191 31 Y
453 - - - -
509 78 154 30 ¥
510 - - - -
497 85 156 37 P8
198 82 156 Bk, P2
383 go 159 33 Y
381, 80 159 35 - P2
12 weeks group V |
478 (singles) 80 138 37 D2
558 78 153 35 P2
566 82 138 28 D8
501 82 156 38 P8
IRE] 90 1.6 37 D8
1.63 80 144 32 P2

| 531 - - - -
404 @wins) 75 175 33 Dz
405 73 202 32 D2
52k, 75 154 33 P2
523 78 15 54 D2
bhy 75 177 32 P2
548 72 177 34 D2
431 73 17 31 Y




«.11~v
APPENDIX wgggﬁ VIII (Contd.)

TLamb Tive weight Age Carcase '

No. at_slaughter | (days) welght Grade ®
lbs. ; 1bs.

12 weeks group (Contd.)
132 (Twins) - =~ - - -
51 | 78 154 33 P2
512 78 154 34 P2
554 | 77 145 33 | P2
552 70 12 | 31 P2

16 weeks group | V

475 (eingles) 76 139 Sk P2
140 74 1.6 36 D2
500 ' 95 156 32 D2
550 95 146 X3 DY
51k 85 39 D8
390 101 158 48 Dy
436 81 1,6 42 D8
167 (twins) 88 140 %4 P2
468 75 140 3h D2
535 75 180 34 P2
5356 79 180 36 Y
488 78 158 35 P2
489 76 158 %6 P2
515 71 154, 39 P2
516 74 15k 29 Y
524 78 155 | 37 D8
522 83 154, 36 P2
519 72 154 30 P2
520 73 154 33 D2

MOTE - Carcase weights were frozen weights, i.8. hot
carcase weight less yt%) |

¥ - See Ba»@&m Rodey, 1947, Proc.10th Ann.Meeting of Sheep
- Farmers, Massey Agric.College.




IX T - IX
SLAUGHTER RESULTS - INOCULATION EXPERIMENT

amb | Live weight at | Age Carcase
Eog Slaughter (days) weight Grade
lbs. 1bs.

418 75 197 32 P2
519 70 149 31 Y
420 - - - -
421 76 197 34 D2
429 81 %7 34 Y
430 75 168 31 P2
438 75 194 32 D2
439 4] 194 31 P2

(NOTE: Carcase weights were frozen weights,
i.e. carcase weight less i




No.
518
319

h21

430
438
439

APPENDIX TABLE

INOCULATION EXPERIMENT - LAMB LIVEWEIGHTS (Ibs.)

- X

Date of | Birth

Birth  |Weight | 11/9 | 25/9 | 10/10] 23/10 | 5/41 | 19/41 | »/12 | 17/12 | 31/12 | 11/1 | /1 | 29/1
15/8/ 1" 26 27 35 50 48 48 » .| 2 57 " 67 72
15/8/ | 10 22 | 335 | a ¥ | 5 55 | 58 61 61, P | - -
15/8/ 9 30 | 26 | 3 » | 3 | 36 35 40 - 6 | 50
15/8/ 9% 18 25 32 7 Wy 48 52 5k 60- " 67 68
14/8/ W || B | W 46 | 55 6 65 69 75 81 - -
14/8/ 9% 21 28 | 35 3 | w 49 53 56 6L 68 70 75
18/8/ 9% 21 28 35 39 45 51 55 o7 61 * 66 68
18/8/ 9% 18 25 32 37 4 50 51 52 55 - 65 67

- Ehyp -





