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The present study was designed to investigate the relationship

of milk production and rnilk quality to growth rate and certain organ-

oleptic rneasurernents of larnbs of rnutton breeds, Nine rnature ewes

in their fourth lactation of the Border Cheviot, Dorset Horn,

Colurnbia, Suffolk, and Willarnette breeds were acquired rnaking a

total of. 45 ewes.

An atternpt was rnade to synchronize parturition, The reason

for synchronizing parturition was to have all the ewes larnb during a

narrow interval of days so that rnilk production and its effects on

growth could be rneasured urlder environrnental conditions that were as

sirnilar as possible.

The ewes were rnilked by use of oxytocin to cause thern to

eject the rnilk in the udder after which they were kept separate frorn

their larnbs for six hours and rnilked again. The rnilk obtained for
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the six-hour period was weighed and the quantity recorded. A

representative sample was taken frorn rnilk of each ewe for cornposi-

tion analyses. The average percentage composition of the milk from

ewes was found to be: protein, 5.46; lactose * ash, 5.40; solids-not-

fat, 10, 86; fat, 8. 43l, total solids, 19. 29; and water, 80. 71. There

were no significant differences (P >.05) between breeds for the per-

centage of rnilk components studied.

During the first eight weeks of lactation the breeds studied

had produced 74 percent and by ten weeks they had produced 87 per-

cent of the milk yield for the total lactation period. The breeds

ranked in the following order on the basis of rnilk yield and rnilk

quality: Suffolk, W'illarnette, Dorset Horn, Border Cheviot, and

Colurnbia. The latter two breeds were approxirnately equal. Ewes

nursing twin larnbs produced 25 percent rnore rnilk than ewes nursing

single lambs, The peak of lactation occurred in the third and fourth

weeks of lactation, The average grarrs of rnilk produced per day for

ewes nursing single and twin larnbs, respectively, are as follows for

the five breeds: Border Cheviot l, 0I6, l, 669; Dorset Horn l, 617,

1,7?8; Columbia 1,366, 1,684; Suffolk 1,527, Z,287; and Willarnette

l, 552, 1, 95 l.

A set of twins gained on the average 40.7 percent more than

a single larnb. Single larnbs gained 15.7 percent rnore weight than

the average of a set of twins. The Willarnette had the highest average



daily gain and was followed in order by the Suffolk, Colurnbia, Dorset

Horn, and Border Cheviot.

The average grams of rnilk consumed for each grarn of

g:rin for single and twin lambs, respectively, are as follows; Border

Cheviot 3.96rtr, 3.455; Dorset Horn 5.47?, 3.424; Colurnbia 4.406,

3.'l16; Suffolk 4.326, 3.882; and l,fillarnette 4. 193, 3. 114. It was

concluded that a large portion of the nutrients required for lamb

growth and fattening rnust be supplied by foods other than rnilk.

Highly significant differences arnong breeds of sheep (P <. 0l)

were found to exist for weaning weight. Weight differences between

sexes withirr a breed were not significant, and there appeared to be

no significant interaction between breed and sex.

A correlation coefficient of 0.84 between total gain of the larnb

ancl total grarrls of milk produced by its dam was highly significant.

Seventy percent of the variation in total gain is accounted for by varia-

tion in total rnilk yield.

The breeds ranked in the following order for carcass tender-

ness and cornposite preference of meat; Colurnbia, Willarnette,

Dorset Horn, Border Cheviot, and Suffolk.

It u,as postulated that larnb weight at eight to ten weeks of age

would be a better cri.terion by which to cuIl low producing ewes and to

select replacement fernales and rnales than the 120-day weight. The

conforrnation score, cornposite preference score, tenderness score,



and the percentage of protein, solids-not-fat, rnilk fat, and total

days nursed, were not affected by the breed, sex or rearing of the

larnbs studied. Only 100-day weight and condition scores were

affected by breed. Total gain of the larnb was affected by the quantity

of rnilk and rnilk corrrponents produced by the darn.
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CERTAIN GENETIC AND MATERNAL ENVIRONMENTAL
INT'LUENCES ON GROWTH RATE AND BODY

COMPOSITION OF LAMBS

INTRODUCTION

Individual anirnals of a given breed and species differ in their

ability and efficiency to gain weight or to produce milk or wool.

Anirnals with the inherited capacity for a rapid rate of growth or

production usually require less feed per unit of production and are

therefore rnore efficient than their slower perforrning relatives. It

is well established that to sorne degree these differences in rate and

efficiency of gain are inherited. In practically all cases it can be

dernonstrated that this is a quantitative type of inheritance where

rnany pairs of genes are presurned to influence the attributes which

contribute to such differences.

The growing irnportance of perforrnance in the breeding of

sheep for rneat during recent years has placed a great deal of ern-

phasis on the weaning weight of larnbs. The extrerne variation ob-

served in weaning weights at a standard age indicates that the pote4-

tials for heavy weaning weights are great and have certainly not been

fu1ly realized.

The heritability for weaning weight is estirnated to be in the

rnediurn range with rnilk production of the darn being the greatest

single factor influencing it (10, p. 3791. Milk production also has a



heritability estimate that falls within the rnediurn range.

The quantity of milk required to raise a larnb to 70, 80, 90,

or 100 pounds at IZO days of age has not been deterrnined. Little is

known concerning the influence of differences in cornposition of rnilk

upon growth rate, weaning weight, and the finish of lambs nursing

their darns.

The fat larnb industry is based upon the assurnption that a high

percentage of the ewes in the population will produce one or two large,

highly finished larnbs at weaning tirne. Probably one of the greatest

gaps in our knowledge of fat larnb production lies in the area of rnilk

production by rnutton breeds and the rnilk requirements of larnbs for

various levels of production,

Many breeders rnake use of creep feeding as a rnethod of irn-

proving weaning weight, condition, and hence, salability of their

Iambs. The effectiveness of this rnethod is unquestioned but the

practice also definitely tends to shield fernales of poor rnilking ability

from culling. This in turn perpetuates poor rnilk production charac-

teristics in the sheep population. If weaning weights of 80-100 pounds

can be attained by ewes under good conditions without creep feeding,

the larnbs rray be slaughtered at weaning tirne with considerably less

expense to the producer and with greater efficiency of production.

The sheep industry is passing through a critical tirne, in that

it is becorning of utrnost irnportance that a desirable product be



produced at a price that will compete with other kinds of rneats and

with foreign irnports. At the present tirne fat larnbs are being sold

directly off the ewe while those that are not fat are sold as feeders.

I-a.rnbs that are sold as fat larnbs dir.ectly off the ewe are usually

produced efficiently with the rnain expenses being the rnaintenance

of the ewe with sorrre additional feed or grass for the larnb. While in

contrast feeder lambs require large quantities of grass or concen-

trates to finish thern to a desirable grade.

Rapid growth is highly desirable in fat larnb production because

l) rate of gain is correlated with efficiency of feed utilization, Zl per

unit costs are reduced when larnbs.are on the farrn for a shorter

length of tirne, 3) cyclic market trends usually favor spring larnbs that

reach the rnarket earlier. In.addition, the rate of gain is usually

positively related with condition, the rnost irnportant single criterion

of market grade. A knowledge of the conditions essential for rnost

rapid growth of lambs is therefore irnportant frorn an econornic view-

point and also as an aid in selection when weight gain and condition

are the endpoints.

There is an abundance of literature concerned with production

and composition of rnilk frorn dairy sheep and cattle, but a relatively

srnall arnount of work has been reported for rnutton sheep. In view of

these facts, an atternpt has been rnade to deterrnine the arnount of
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variability in rnilk yield and rnilk components (protein, lactose * ash,

solids-not-fat, fat, total solids, and water) of individual ewes of the

Border Cheviot, Dorset Horn, Colurnbia, Suffolk, and Willarnette

breeds of sheep.

It was the airn of this investigation to rnake the observations

as fair as possible with respect to all breeds studied. The results

are not given with the intent of cornparing the desirability or unde-

sirability of the breeds included in this investigation.

The study was designed to develop and provide new insight

into the phenornenon of milk production of ewes of the rnutton breeds

normally kept in the Willamette Valley of Oregon. It included the in-

fluence of a given quantity of rnilk consurned, of a given cornposition

upon the weaning weight of rnutton larnbs. It also involved the norrnal

lactatron pattern and the effect that rnilk yield and rnilk cornponents

have upon pre-weaning growth of the larnb.

The objectives of this experirnent were:

l. To deterrnine the rnilk yields under sirnilar nutritional

conditions of purebred ewes of the Border Cheviot, Dorset Horn,

Colurnbia, Suffolk, and W'illarnette breeds.

Z. To determine the individual variation in yield and cornposi-

tion of rnilk produced within and between breeds.

3. To deterrnine the relationship of the stage of lactation with

the level and cornposition of rnilk produced by rnutton ewes.
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4. To deterrnine the effect of breed upon the production and

cornposition of rnilk ignoring the effects of age and weight of the ewe.

5. To deterrnine the relationship of the quantity and cornposi-

tion of rnilk produced by ewes of rnutton breeding with the growth

rate, weaning weight, and quality of their larnbs.

6. To deterrnine the factors influencing rnilk yield, and to

assess the effects of genetic and environrnental factors such as sex,

breeding, and rearing.

7. To develop sirnplified rnethods for assessing the rnilk

yields of ewes under farming conditions.

The lVillarnette breed, was forrned by rnating Colurnbia ewes

with rarns frorn Dorset Horn and Border Cheviot breeds. Reciprocal

rnatings were rnade between these two crosses for two years. The

line was then closed and subsequent offspring were rigidly selected

for growth rate during several years in forrning the Willarnette breed.

In the present study 'Willarnette ewes were cornpared for production

traits with the foundation breeds, Colurnbia, Dorset Horn, and

Border Cheviot of the sarne general source as the original breeding

stock that was used in forrning the breed.



REVIEW OF LITERATURE

Milk production of the ewe has been the subject of considerable

research because it is the rnain factor affecting the growth of the

larnb, particularly during the first few weeks of life. One of the rnain

difficulties encountered in these studies has been the developrnent of a

suitable technique for rneasuring the rnilk yield of the ewe. The first

atternpt to deterrnine the rnilk production of a group of non-dairy ewes

was rnade in 1904 (30). Over a period of two days the larnbs, seven

weeks old, were separated f rorn their rnothers and weighed before

and after they had suckled on each of six occasions during each day.

On the third day the ewes were rnilked five tirnes by hand, and this

gave an average daily yieid of only 1. OZ pounds cornpared to the 2.80

pounds which haci been obtained by the lar'nbs.

The larnb-suckling technique has sinc,e been the basis of the

studies on the lactation of the non-dairy breeds of sheep. SeveraL

workers (5; 7; 17; 23; 24;30; 32;45;48;50;51;52;54;58;62;6a;66]r

have rneasured rnilk yield under pen-feeding and/or pasture condi-

tion s .

The procedure followed has varied in detail f rorn worker to

worker, but usually the milk yield has been rneasured at weekly inter-

vals by recording the surn of the rnilk intake of larnbs during several

sucklings over a 24 hour period. The rnain difference in the detail of



the procedure used by the various workers has been in the nurnber of

sucklings and the intervals between these sucklings over the period

that data were recorded. One of the rnain problern,s with this tech-

nique was the separation of the ewe f rorn the larnb which caused an

upset of the ewe and probable deleterious effects on rnilk secretion

and ejection. This was rrlore 1ikely to occur unde r grazir.g condi-

tions, where, because of her disinclination to leave the 1amb, the

grazir:g tirne of the ewe could be seriously lirnited. Owen (50, p. 357)

overcame this problern by fitting his ewes with udder covers, so that

ewes and lambs could graze together during the intervals between

sucklings. These covers have since been used successfully by

Davies lZl; 24, p. 824-8381.

There are several difficulties with the suckling technique.

The rnethod is tedious and tirne consurning. As lactation proceeds

the milk intake of the larnb decreases and its live weight increases.

Under these conditions the accurate measurernent of the gain in

weight of a larnb after suckling becornes increasingly difficult.

These are the reasons why rnost lactation studies, based on this

technique, have only been carried out over the first ten weeks of the

lactation period (5, p. 7,37-248)..

Barnicoat, Logan and Grant (5, p. 237-2481 investigated two

methods for measuring the rnilk yield of ewes. For reasons not

stated, a srnall rnilking rnachine with teat cups adapted to fit the ewe
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proved unsatisfactory. They also used intravenous injections of

Pituitrin (posterior pituitary extract, PPE), adrninistered at the rate

of ten units in five rnl of physiological saline, to facilitate hand milk-

ing, Of l7 Rornney Marsh ewes tested I4 yielded 80 to I00 percent

and the other three ewes yielded only 75 percent or less of their ac-

curnulated milk, as cornpared with what the larnb obtained by suckling.

The rnethod of rneasuring the residual rnilk was not described, but

because of the incornplete ernptying of the udder the technique was

discarded. McCance (38, p. 840) has reported an extensive study

into the use of such a technique for the estirnation of milk yield of the

ewe with successful results. La.rnbs placed with ewes that had been

hand rnilked after two doses of five i.u. of PPE, could obtain little or

no rnilk.

The rnilk intake of single lambs rnothered by Merino ewes was

estimated by larnb suckling and by hand rnilking after oxytocin injec-

tions. The oxytocin estirnate was significantly higher for a period of

LIZ to l0-1/2 weeks after parturition (P < .01) but for the first four

weeks of this period the difference was not significant (P > .10). It

was suggested that the oxytocin technique rnight be a better estirnate

of the lambrs intake than larnb suckling (44\. Yield depended on the

interval between rnilkings, the rate of secretion being apparently

faster in the first two hours. The effect was less rnarked as lacta-

tion declined. Yields were independent of tirne of day and speed of
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rnilking. When successive yields were used to rank ewes in order of

perforrnance, the rankings were always significantly concordant.

Earlier applications of the rnethod had no detectable effect on later

lactation. Coornbe, 'W.ardrop and Tribe (20) and McCance (38, p. 839)

concluded that PPE provides a sirnple rneans of obtaining useful esti-

rnates of rnilk production.

The larnb-suckling technique does not remove al1 the ewers

rnilk, but this does not appear to be the reason, as suggested by

Coornbe, Wardrop and Tribe (20), for differences in the rnilk produc-

tion of ewes rearing singles and those rearing twins (24, p. 824-8381.

Differences in rnilk production in favor of ewes nursing twin larnbs

over those nursing singles have been reported (Z;6; 26;48;58;6a1.

Using McCancets technique (38; p. 840) in pen-feeding experirnents

with lactating ewes, Davies (Z4l obtained rrrore rnilk frorn twin-

bearing ewes than frorn those rearing singles. The onset of lactation

is sornewhat slower in ewes bearing twins than in ewes bearing

singles. The rnilk production rate during the first lZ hours after

parturition is independent of the nurnber of larnbs born.

Comparisons between twin larnbs and singles show that during

the period when the larnb is not a functional rurninant (0 to 4 weeks)

the growth rate of twins was considerably slower than that of single

larnbs. There was no difference in the growth rate of Merino single

and twin larnbs after six weeks, but it was eight weeks before the
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difference in growth rates of single and twin crossbred larnbs disap-

peared (24, p. 838).

Davies (24, p. 824) found that rnilk production by ewes tends

to be, in part at least, an expression of the sucking activity of larnbs.

Nutrition, however, does affect lactation and the shape of the lacta-

tion curve. Ewes given supplernentary feed during the lactation peri-

od produce rrrore rnilk in the sixth, seventh, and eighth weeks of

lactation than wher grazed on pasture alone. This suggests that

feeding even in the later stages of lactation rnay enhance the rnilk

supply to the larnb. \[ell-fed ewes suckling twins usually produce

more rnilk than ewes suckling single larnbs (6;32;61;641, although

Burris and Baugus (I7) observed no difference. Alexander and

Davies (2) found rnilk yield to be greatly influenced by the nurnber of

lambs suckled and not by the nurnber of larnbs born.

Wallace (54, p. 93-I53) and Barnicoat, Logan and Grant (6,

p. 237 -2481 suggested that differences in rnilk production between

ewes rearing one lamb and ewes rearing two larnbs were probably

due to one of two factors. One of the factors could be the capacity

of the single larnb to draw off the forrned rnilk to a Iesser extent than

that of twins. In this case the pressure created by accurnulated rnilk

would reduce the rate of rnilk secretion. The second factor rnight be

the external stirnulus of sucking by twins is greater than that of single

larnbs. Barnicoat, Logan and Grant (6) based their conclusions on
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observations in which twin-bcaring ewes rcaring single larnbs yielded

on the average no rnore rnilk than single-bea.ring ewes. Alexander and

Davies (2) published data which included the rnilk production of ewes

suckling twins, which supports the conclusion that the rnilk yield is

influenced by the nurnber of larnbs suckled. Their observations sup-

port the suggestion of Wallace (641, that the best estirnate of the

potential leve1 of production would be obtained when ewes suckled

twins, when the rnilk production was not greater than the larnbsl

appetite, and where rnaxirnal suckling stirnulus was applied.

There have been very few cornparative studies on the influ-

ence of rnilk production on larnb growth in different breeds of sheep.

Neidig and Iddings (48, p. 19-3Zl cornpared six breeds of sheep and

found that the Harnpshire ranked first in rnilk production while differ-

ences between Cotswold, Shropshire, RarnbouiLlet, Lincoln, and

Southdown were not as 1arge. Slen, Clark and Hironaka (58) corn-

pared the growth of larnbs and rnilk production frorn ewes of five

breeds of sheep (Suffolk, Harnpshire, Rarnbouillet, Canadian

Corriedale, and Rornnelet). They did not consider the sex of the

larnbs in selecting ewes for n:easuring the rnilk production as they

believed that any difference due to sex would be expected to be srnall.

Ewes nursing twins produced rrrore rnilk than those nursing singles

breed differences were evident with the difference being greatest
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during the first two weeks of lactation. Arnong ewes nursing singles,

Suffolks produced the greatest arnount of rnilk (P < .01). The Suffolk

producedsignificantlyrnorerni1kthantheRarnboui11et(P<

tween the Suffolk and Harnpshire breeds. The only breed differences

of ewes nursing twins were that the Canadian Corriedale and Suffolk

produced more rnilk (P < . 05) than the Harnpshire. The gain in body

weight of single larnbs was greater than that of twins in all breeds

weight gains between breeds were evident. Correlations between

daily milk production and larnb gains were rnore variable in single

larnbs than in twins.

It appeared that rnilk drawn by twins is a rneasure of the milk

production of the ewe while that drawn by singles, especially in the

first few weeks of lactation, is a rneasure of the ad libiturn consurnp-

tion of rnilk (58). Such a conclusion is also supported by the results

of Alexander and Davies (2) who found that actual rnilk production

based on rnilk obtained following an injection of posterior pituitary

extract was similar in ewes bearing single or twin larnbs, The use

of ewes with twin larnbs, where rnilk yield is much greater, would

appear to provide a rnore adequate rneasure of production.

Although significant differences in rnilk production between

breeds existed arrrorlg ewes nursing twin larnbs, no differences
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existed between the gain in weight by the larnbs. rt appeared that the

larnbs receiving less milk were either able to utilize it rnore effi-

ciently or that they received sufficient nutrients frorn the creep feed

to support the gain in body weight. It was concluded that the quantity

of rnilk produced by the ewe is an irnportant factor in deterrnining the

gain of the lambs. It also should be recognized that creep feeding is

a contributing factor in the gains rnade by the larnbs.

The data presented by slen, clark and Hironaka (5g) show that,

on a given ration, the protein and fat contents of ewesrrnilk were

similar for the five breeds studied. However, since consistent

differences in fat or protein content of the milk were not found be-

tween breeds or between ewes nursing singJ.e or twin larnbs, it ap-

peared that the quantity of rnilk was the rnajor factor influencing the

weight gains of the lambs.

The shape of the lactation curves reported for sheep is a short

increase to an early peak, depending on breed and level of yie1d, with

a subsequent gradual decline (50, p. 387-4rzl. Bonsrna (Il, p. 65)

found that ewes of low-producing breeds tend to have an earlier peak

than ewes of high-producing breeds. \[allac e (64, p. 9'3-\l-t3) siro.v,:r1

that ewes suckling a single larnb have lower yields and flatter Iacta-

tion curves than those suckling twins. In the Harnpshire ewes re-

corded by Burris and Baugus (lz), those rearing twins showed little

difference in their lactation curve f rorn those rearing singles.
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Leaving two lambs on the ewe for a few days to establish a high level

of rnilk yield did not benefit the remaining larnb after its twin was re-

moved nor did it change the shape of the lactation curve lZ;6; 26;6a1,

When the lactation period was divided into three equal por-

tions, 40 to 4l percent of the total rnilk yield was in the first period,

32 to 34 percent was in the second and 25 to 27 percent was in the last

period (62, p. 263-2741. Many workers (I7;64, p. 108), have de-

scribed rnilk production by periods as being approxirnately 38 percent

in the first rnonth about 30 and ZL percent in the second and third

respectively and only about l1 percent in the last rnonth of a four

rnonth lactation period. They further suggest that, though nutrition

during late pregnancy greatly affects the vitality of the new born

larnb, it has perhaps an even greater effect on the rnilk supply of the

ewe. The work by Thornson and Thornson (62, p. 263-?,741 indicated

that when rnilk production of Cheviot ewes was altered by depressed

levels of feeding during the last six weeks of pregnancy, the growth

rate of larnbs was markedly decreased.

'W'allace (54, p. I52) observed correlation coefficients of 0. 88

to 0. 90 between rnilk consurnption of larnbs and their live weight in-

crease between birth and 28 days of age, when both single and twin

lambs were included. This inclusion would tend to increase the cor-

relation coefficient since both rnilk consurnption and weight increase

were lower for the twin larnbs than for single larnbs. The work of
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Barnicoat, Logan and Grant (6, p. 237 -2481 with high producing

Rornney ewes indicated that early growth (birth to three weeks) was

not correlated with rnilk production of the ewe when production was in

excess of the arnount that the lamb could consurne. The work of the

authors reviewed indicates that a considerable arnount of variation in

milk production exists between ewes within a breed. Milk production

was closely associated with weight gains of the larnbs. The correla-

tion coefficients between rnilk consumption and growth of the suckling

larnbs were of such rnagnitude that the statistical efficiency of rnost

trials designed to measure other factors affecting growth of suckling

larnbs would be increased by rnilk consurnption deterrninations.

Bonsrna (11, p. 191) recorded positive correlations of rnilk

production with live weights of ewes, birth weight of larnbs, and rate

of gain of lambs. He also reported a highly significant correlation

between milk yield of the ewe and the weight of the lamb frorn one

week of age through eleven weeks. The correlation declined progres-

sively frorn the beginning until the eleventh week of lactation.

'Vfallace (54, p. 129) estirnated that during the first rnonth

over 80 percent of the variations in growth rates of larnbs were

related to differences in rnilk intake. This relationship declined as

the lambs became increasingly dependent on supplernentary foodstuffs.

He noted that both birth weights of larnbs and rnilk yields were rnark-

edly affected by the plane of nutrition of the ewes, particularly during
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the late stages of pregnancy.

Barnicoat, I-ogan and Grant (5, p. 237-2481 presented correla-

tion coefficients relating to the period between 0 and 12 weeks. Cor-

relation coefficients were highest during the third through the ninth

weeks. They also found a high correlation between milk yields and

lamb gains frorn birth to six weeks of age. The correlation between

rnilk production and lamb growth declined during the seven to nine

week stage and at 10 to 12 weeks was of little value. Frorn the data

obtained over an eight year period, correlations between rnilk yields

and larnb gains at lZ weeks were found to range between 0.6I to 0.8I

(all highly significant), and to average 0.72. Variations in rnilk con-

surnption during the first l2 weeks were associated with one-third to

two-thirds (average one-half) of the variations in growth rate. In

another experiment where ewes were stal1 fed and their lambs were

restricted in grazing the correlation was 0.90, or about 80 percent of

the variations in gain were controlled by differences in milk intake.

Under fat larnb conditions, rnilk intake is the rnost irnportant factor

governing lamb growth rate (48, p. 19-32),

Barnicoat et aI. (7, p. 9-35) reported that correlation coef-

ficients between rnilk yield and live weight gains are highest during

the first six weeks of lactation. The gain from zero to six weeks

would be expected to be closely related to the gain from 0 to tZ weeks

and results f rorn several seasons indicate that the correlation
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coefficient is 0. 90 or higher. R_ates of gain of larnbs to tZ weeks or
longer are usually linear, or nearly so.

six weeks is therefore a good indication

to weaning,

The rate of gain to

of the expected rate of gain

correlation coefficients between the rnirk consumed and the

gains in live weight of larnbs vary frorn one period to the next. For
instance frorn birth to three weeks the correlation coefficients were

in generally irregular because the larnbs were not able to consume all
of the milk being produced. From four to six weeks they were highest

because lambs were abre to consume ar.l of the mirk produced, and

milk secretion was also at its peak. From 7 to IZ weeks they were

low, except in the case of underfed. larnbs, because larnbs then nor_

mally obtained most of their sustenance f rom grass.

App"rently under fat larnb farming conditions the rnilk intake

was of most importance during the first six to eight weeks, after
which pasture nutrients were of greater importance. Nevertheless,

even at rz weeks of age the effect of rnilk nutrients on larnb growth

was still significant, for about one-third to two-thirds of the varia_
tions found in rate of gain were related to variations in rnilk intake

(32, p. 70).

Many investigators (6; 29;36;45;50;57;62) working in dif_

ferent countries with different breed.s under varying conditions,

found that the average quantity of milk required to produce one kg of
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live weight ranges from 3.5 to 6.0 kg. l,ambs differ but little in

their efficiencies as converters of milk to body tissue. During the

first 12 weeks of lactation, it was found that on the average 5.5

ounces of milk were ingested for each one ounce gain in live weight

(6, p. 237-2481. Bonsma (lI, p. 102) reported that the ratio of milk

consurned to live weight gain was as follows: I to 3 weeks, 5.92;3 to

6 weeks, 4.96; 6 to 9 weeks, +. 19; and 9-12 weeks, 3. 83.

Barnicoat et aI. 17, p. 9-35) concluded that the rnilk produc-

tion of the ewe is the rnajor factor influencing the rate of live weight

gain of the larnb. AIso the weight of rnilk rather than its nutritive

value estirnated from cornposition gives the best index of its larnb

fattening qualities. They further noted that the factor rnost capable of

influencing the quantity of milk produced is the plane of nutrition.

Thus adequate feeding during lactation rnaintains rnilk production in

the important early stages of the larnbls existence. Therefore,

liberal feeding during pregnancy helps to sustain rnilk flow, particu-

lar1y in the later stages of lactation, and would presumably exert a

dominant influence on the production of colostrurn,

Selection for milk production where based on larnb gains alone

will not be a successful method for improving the rnilk producing

ability of a ewe flock. Also the influence of the sire on the rnitking

qualities of its ewe progeny rnight prove to be of additional value.

It has been shown that rnilk yields of ewes are affected by the
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following factorsz age, condition, breed, individuality, inheritance,

nutrition, time of larnbing, nurnber of larnbs suckled, and disease.

Growth of the young larnb is governed by the arnount of rnilk consurned,

Since the body form and composition depend on the rate at which

growth takes place, it is reasoned that the carcass quality of larnbs

depends, in sorne rneasure, on the rnilking ability of the ewe (50; 12;

641.
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MATERIAIS AND METHODS

Nine rnature ewes in their fourth lactation and one rarn frorn

each of the following breeds of sheep: Bord.er Cheviot, Dorset Horn,

Colurnbia, Suffolk, and Willarnette were utilized for this study rnaking

a total of.45 ewes and five rams from the five breeds. The ewes

were handled as a special unit during the pre-breeding period. During

the pre-breeding period each ewe received 50 to 50 rng of an orally

effective progestogen, 5 o -rnethyl- l7 o -acetoxyprogesterone,

"Proverar', per day for 14 days (l). On the fifteenth day the ewes

were separated by breed and rnated to a ram of the sarne breed.

The reason for using a progestogen cornpound. was to atternpt

to have all the ewes lamb within a narrow interval of days. Mitk

production and its effects on growth could then be rneasured. under as

similar environrnental conditions as possible.

of the 45 ewes that started the experirnent in the fall one

Dorset Horn and one Willarnette ewe died before parturition and one

suffolk, one willarnette, and two colurnbias died after 1arnbing.

There were two Dorset Horn and one Suffolk barren and one Suffolk,

and two Border Cheviots had bad udders and were discarded frorn the

experiment at the tirne of parturition; therefore, the study started

with 33 ewes.

The rnilk study comrnenced in February and. continued into
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June. Colostrurn sarnples were drawn I2 hours after parturition for

cornponent analysis. Colostrum flow usually ceased after three days

and the ewes were then rnade available for routine rnilkings. The first

milkings usually took place on the ninth or tenth day of the lactation

period, and the ewe was then milked every fourteen days or seven

tirnes until her larnb was slaughtered at approxirnately the one-

hundredth day of the lactation period. Lactation was divided into

seven periods. The average length in days for each period and the

average day of lactation when sarnples were collected are presented

in Tab1es l, Z, 3, and 4.

The following describes the procedures and events that

occurred during the testing period. Milkings took place two days

each week. Each ewe was rnilked every l4 days; therefore, one-

fourth of the ewes were milked at each rnilking date. The larnbs were

separated f rom the ewe s and weighed just p rio r to I I p. rn. The ewe s

were then given one rnl or 20 i. u. of Purified Oxytocic Principle

(POP) in the right jugular vein and were then irnrnediately milked out

cornpletely. The rnilk f rom this rnilking was discarded without

weighing. The irnportant factor being that the udder was corrrpletely

rnilked out. There was then a six-hour waiting period during which

the lambs were kept separate frorn the ewes but were allowed to be in

the adjacent pen, to cut down on exciternent caused by the larnb being

separated frorn its darn, after which the ewes were rnilked again at



Table 1, Ave rage day of
were collected

zz

lactation for each period when rnilk sarnples
frorn ewes nursing single larnbs.

Pe riods
B reeds

Border Cheviot It.4

Dorset Horn 11. 0

Columbia 10. 8

Suffolk 8.0

'W illarnette 1 0. 0

23, 6

23. 5

24.4

zz.0

23. 4

39. 0

41. 0

38.4

36.0

37. 4

53. 0 67. 0

s5. 0 69.0

52.4 66.4

50. 0 64.0

5r.4 65.4

Br. 0 94.4

83. 0 97.0

8t. z 93. B

78. 0 gz.0

79.Z gl. B

Tab1e 2. Average day of
we re collected

lactation for each period when milk sarnples
f rorn ewes nursing twin larnbs.

Pe riods
B reeds

Border Cheviot

Dorset Horn

Colurnbia

Suffolk

W illarnette

IZ. 0 23. 0

lz. 9 23. 6

9.5 18.7

7.0 18.7

7. O 20.0

37.0 5L 0

38. 8 52.8

32.5 46.5

32. 7 47. 0

34.0 48. O

65. 0 79.0 93.

66.8 80. I 94.

60. 5 79.0 93.

61.0 74.5 88.

62.0 76. O 89.

0

8

0

0

0



Table 3. Average length in days for each of the seven periods of lactation and the percentage that each period is of the total Iactation period
for ewes nursiug single lambs.

Breeds

3

Days Percent Days Percent Days Percent

_-LERrgp!.
4

Days Percent Days Percent Days Percent Days Percent Total Days

Border Cheviot
Dorset Honr
Columbia
Suffolk
Willamette

Weeks

15.6 16.5
14.0 14.4
16.4 t7.5
15. O 16.3
16. 8 t8.2

14.3 15. 1 16.2
14.8 15. 3 t9.2
ls.1 16.1 14.0
14.0 15. 3 14. O

t3.7 r4.9 14.0

17.1 14. O

L9.7 14.0
14.9 t4.O
15.3 t4.O
r5.2 t4.O

14. O 14.8
t4.o 14.4
14. O 14.9
14. O 15.3
13.9 15. 1

13.7 14.5
14.0 t4.4
13.3 14.2
14. O 15. 3

13.2 14.4

6. 9 7.3
7.O 7.2
6.3 6.7
7.O 7.6
6.3 6.9

14.8
t4.4
t4.9
15. 3

t5.2

94.4
97.O
93. 8

92.O
91.8

13 weeks

Table 4. Average length in days for each of the seven periods of lactation and the percentage that each period is of the total lactation period for
ewes nursing twin lambs.

2
-P-EsJ9P.I4 567

Days Percent Days Percent Days Percent Percent Days Percent Days Percent Days Perceut Total Days

13L210

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

Weeks

16. O t7.2
16. 3 17.2
14.6 16.5
t2,8 14.6
13.5 15.2

14. O 15. 0
t4.L 14.9
tt.4 12.9
t2.8 14.6
13.5 t5.2

t4.o 15.0
15.3 16.1
13.5 15.2
14.0 15,9
14. O t5.7

14.O 15.0
L4.O 14.8
t4,o 15.8
14. O 15.9
L4.O 15.7

L4.O 15. O t4.O 15.0 7.O
14.0 14.8 14.0 14.8 7,O
14.0 15.8 14.0 15. 8 7.O
13.8 15.7 13.5 15.3 6.8
14. O t5-7 13.5 l5-2 6. 5

7.5
7.4
7.9
7.7
7.3

93.0
94.8
88. 5
88. O

89. O

13L2 13 weeks

N
(})
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5 a, rn, following the sarne procedure as that

This rnilk was weighed and the quantity given

was recorded,

suction. By rnanipulating the teat

of rniLk could be obtained frorn the

ty.

the ll p.m. milking.

the six-hour period

cups and udder a continuous strearn

udder until it was cornpletely ernp-

at

in

When observations were being rnade on a nurnber of ewes, the

ewes were taken in the sarne order for the first and the second

rnilking. In order to ensure that the average period of collection was

six hours, the first rnilkings were cornrrrenced at lI p. rn. and were

cornpleted by rnidnight. The second rnilkings were started at 5 a. rn.

and finished by 6 a.rn. This allowed approxirnately one hour for the

rnilking of eight ewes.

A second injection of POP was given irnrnediately after the

first rnilking was cornpleted so that all of the residual rnilk would be

removed. The sarrre procedure was followed after the second rnilking.

The second injections were continued throughout the experirnent, but

were found to be of no value because little additional rnilk was ob-

tained.

A standard dairy rnilking rnachine with a rnodified rnanifold

was used for the rnilkings. The pulsator lnechanisrn was not suitable

for rnilking the ewes, however, the rnachine was used as a source of

The rnilk that was collected frorn each ewe following this six
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hour period was weighed, stirred and a representative sarnple was

taken for cornposition analyses. The quantity of rnilk obtained f rorn a

ewe in six hours was rnultiplied by four to estirnate the quantity of

rnilk that would be produced in 24 hours. The quantity of rnilk pro-

duced frorn one test period to the next test period was calculated by

rnultiplying the 24-hour rnilk yield by the interval in days between the

rnid-points of any two consecutive test periods, and these quantities

were accurnulated to arrive at a cornplete lactation yie1d. This is the

standard rnethod used by the Dairy Herd Irnprovernent Association to

arrive at yearly rnilk yields for cows.

The following rnilk components were studied: protein, Iactose

* ash, solids-not-fat, fat, and total solids. Total nitrogen was

deterrnined by the Kjeldahl rnethod and the results rnultiplied by the

factor 6.38 to arrive at the percentage of protein. Fat was deter-

rnined by the Babcock rnethod, and total solids were obtained by the

standard Mojonnier rnethod. A11 of these rnethods are standard

chernical rnethods used by the Dairy Industry' for precise analyses.

The percentages for water, lactose * ash and solids -not-fat

were calculated in the following rnanner. One hundred percent rninus

the percentage of total solids equals the percentage of water. The

percentage of total solids rninus the percentage of fat equals the per-

centage of solids-not-fat. The percentage of solids-not-fat rninus the

percentage of protein equals the percentage of lactose * ash. When
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each of these percentages is rnultiplied by the grarns of milk produced

during each period of lactation, and these are accurnulated, one can

compute the quantity of each rnilk component that was produced by an

individual ewe for a cornplete lactation period. Total rnilk yield is

divided into the totals for each of the corrponents to arrive at the

average percentage of each cornponent for a cornplete lactation. This

can be done on the basis of per ewe, per breed, or total of all breeds.

The efficiency of gains by the larnbs were calculated for each

period of lactation and for the total lactation period. These efficien-

cies were corrlputed by dividing the total gain for each period or for

the total lactation period into the quantity of rnilk and rnilk cornponents

produced during these tirnes.

Live anirnal quality scores were given to each larnb cornpleting

the rnilk study. There were two scores for each anirnal; one for con-

forrnation and one for the condition of the anirnal. Conformation is

judged prirnarily according to breed standards, and the condition

score depends to a large extent upon the external finish of the anirnal.

The scores for both conforrnation and condition range frorn 50 to 100

with the following grades being assigned nurnerical values: Prirne,

90- 100; Choice, 80-89; Good, lO-79; Utility, 60-69; and CuI1, 50-59.

Conforrnation and condition scores f rorn four evaluators were aver-

aged and recorded for each larnb at weaning.

The cornpo site p refe rence s co re and the tende rne s s s co re we re
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given values that range from one to seven with seven being the rnost

desirable and one the least desirable. These are deterrnined by stand-

ard organoleptic procedures using the rack which consists of the

portion frorn the fifth through the twelfth ribs of each larnb carcass.

The ewes were rnaintained on a rnediurn plane of nutrition.

The ration consisted prirnarily of rrLotusrrpasture and alfalfa hay for

the first four rnonths of gestation. They received an additional one

pound of an oats and barley rnixture per ewe per day for the fifth

rnonth of gestation. This was continued throughout lactation or until

grass becarne so abundant that the ewes no longer desired additional

feed which occurred in the rnonth of May.

The lambs were supplied with a creep feeder and received

calf rnanna and a rolled oats and barley rnixture ad libiturn throughout

the growing period. It would have been rrrore desirable to lirnit the

nutrient consurnption of the larnbs to that of the ewers rnilk, but this

was irnpossible if the lambs were to be ready for slaughter by the

end of the lactation period. Thus it was deerned desirable to supply

additional feed so that all larnbs would have an equal opportunity for

supplernentary feed.

Statistical Treatment of the Data

Sirnple correlation

the possible pairs for the

coefficients we re

production traits,

cornputed between each of

carcas s rnea surements,
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rnilk yie1d, and the rnilk cornponents. Analysis of variance was used

to study the effects of breeds on the percentages of the various rnilk

cornponents for the total rnilk produced by the ewes. The analysis of

variance was also utilized in studying effects of period, breed, sex,

and rearing on larnb weights. Least significant difference was used to

differentiate between the treatrnent rneans.

Analysis of covariance was used to exarnine effects of breed

and period on various rnilk corrponents with the quantity of rnilk as a

covariate. Breeds and periods constituted a factorial arrangernent of

the experirnental conditions; however, this fact was ignored in the

prelirninary analysi s of covariance.

Because of the outcorne of the preliminary analysis involving

the covariate, quantity of rnilk, the factorial effects of breeds,

periods, and their interaction were analyzed by the analysis of vari-

ance involving unequal but proportional nurnbers in the subclass.

This was performed on the percentages of protein, lactose * ash,

solids-not-fat, fat, total solids, and water.

Effects of breed, sex, rearing, rnilk yield, and the rnilk corrr-

ponents on each of several rneasures of perforlnance (tota1 gain, con-

dition score, conformation score, cotrlposite preference score, and

tenderness score) were deterrnin.ed by least-squares analysis.

Measures of perforrnance used in this study were: total gain, con-

forrnation score, condition score, cornposite preference score,
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tenderness score and grarns of total protein, lactose * ash, solids-

not-fat, fat, total solids, and total rnilk yield. The general least-

squares approach was required by the fact that there were unequal

nurnbers in the subclasses of a three-factor experirnent. The analysis

of variance in this study provided the basis for determining the signi-

ficance of the effects studied.
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The findings relative to

lactation in relation to growth,

tion of estrus will be presented

Milk Yield

RESULTS

rnilk yield, rnilk composition, stage of

efficiency of gains, and synchroniza-

in that order.

In order to provide a general picture of the leve1s of rnilk pro-

duction and the shapes of the lactation curves of the five breeds of

ewes, the average amounts of rnilk produced during the successive

periods of lactation have been calculated, Table 8, and lactation

curves constructed, Figures I and Z. The ranking of each breed for

rnilk yield and the rnilk cornponents is shown in Table 5. The rnilk

yields by p.riods of ewes nursing single and twin larnbs are presented

in Table 5. The Dorset Horn breed with one single lamb produced the

greatestquantityof milk. However, this should not be ernphasized,

because there was only one Dorset Horn ewe in this group. Following

in the order of greatest rnilk production are the Willamette, Suffolk,

Colurnbia and Border Cheviot breeds. The percentage of the totalrnilk

produced within each period is shown in Table 7. By the end of the

fourth period the Border Cheviot, Dorset Horn, Columbia, Suffolk, and

Willarnette breeds with single lambs had produced 75.4, 76.4, 75,6,

68.3, and 73. 9 percent of their total rnilk yields, respectively. By
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Table 5. Ranking of the breeds according to average rnilk yield and. average rnilk composition data.

Breeds Protein
Lactose
* Ash

Solids -
Not-Fat Fat

Total
Solids Water Milk

For ewes nursing single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'W illarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

5
I
4
Z

3

For ewes nursing twin larnbs

4
3

5

I
z

5

I
4
3

z

5

t
4
3

z

5

I
4
3

Z

5
I
4
3

Z

5

3

4
z
I

5

3

4
I
z

5

3

4
I
Z

5
I
4
Z

3

4
3

5

I
2

4
3

5

I
Z

4
3

5

I
2

5

3

4
I
z

(,(,



Table 6. Average grams of rnilk produced per period by ewes of various breeds.

No. of
Ewes

Pe riods
Breeds 6 Total

Fo r ewe s nursing-9,!rrg]s-_1gE

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

18, 99 I 22, 4O4
29,739 26,977
27,454 Zg, tO8
25, z61 24,969
31,934 27,947

17, 629 13,345
36, 937 ZO,7 14
19,400 19, 013
23,40I Z?,278
24,947 Zl,235

5

I
6

3

5

z
4
I
z
2

34,067 28,773 27,135
37,ZOl 30,771 35, L94
23, 665 27, 0L7 28,798
28, 682 37, 8Zg 38, 014
33,179 4t,634 28, 185

21,994 ZZ,075
25,501 19, 188
21,944 22,767
32,295 27,234
24,094 20, L4O

For ewes nursing twin larnbs

3,925 96,063
5,692 149,5t6
4,622 125,534
6,950 140, 510
5, 078 l4Z,5Z8

6,488 155, 18l
5,510 168,3ZZ
5, 130 138,493
8, 678 193,455
8, 012 173,653

ll, 37 6

zz, ll4
15, 477
20,458
18, 053

9,393
7, 342

r0,459
T7, I9Z
14, 005

14, 650
t4, 956
g, 173

ZO,7ZZ
18,409

(,
A
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Table 7. Percentage of the total milk produced per period by ewes
of various breeds.

Pe riods
Breeds

For ewes nursing single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'W'illamette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

Forewes nursing twin larnbs

t9. 8

19. 9
zt. 9
18.0
ZZ.4

22.0
ZZ, I
17. I
14. 8

19. r

23. 3

18.0
23. z
17. 8
19. 6

18. 5
?0.9
rg. s
19. 6
?4.0

18.4
24.7
15.4
t6. 6

17.0

t7. 5

18. 3
20.8
19. 6
r6.2

13.9
13. 8
15. I
15. g
r4. g

14. z
15. Z
r5.8
16. 7
13. 9

It.8
14.8
tz.3
14.6
tz.7

14. z
tt.4
16.4
14. l
rl.5

8.7
4.9
8.3

12. Z
9.8

4. I
3.8
3.7
510
3.6

9.4 4.?
8.9 3.3
6.6 3.7

10. 7 4.5
r0. 6 4.6



Table 8. Average grams of milk produced per ewe per day by various breeds of sheep over seven
periods of lactation.

Periods
B reeds Average

For ewes nursing single lambs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Iilflillarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

l, zl7
z, lz4
1,674
r,694
I,9LZ

Z, T29
Z, Z8Z
l,62l
z, z4l
z,458

1,567
1,923
L,928
L,784
z,040

1,088
l, g?4
1,386
L,672
l,730

953
1,480
l, 358
l,59l
l, 517

1,571
1,8ZZ
1,567
2,307
l,7zl

813
1,580
l, 106
1,46r
t,299

1,577
1,37 |
1,626
t,974
r,439

613
1,049

786
l, zz8
1,061

1,046
1,068

b55
1,535
l,364

569
813
734
993
805

1, 016
l, 617
l, 366
1,527
1,552

1,669
I,778
1,694
z,287
t,951

For ewes nursing twin larnbs

z, o55 l, g3g
z,496 2,0r1
2,370 z, 133
2,955 2,7 15

3, 084 2,013

927
788
733

1,276
l,233

(,
o
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the end of the fifth period the values were 87.2, 91.2, 97.9, 92.9,

and 86.6 percent.

The order of the breeds in quantity of milk produced when

nursing twin larnbs differs frorn that reported for ewes with single

larnbs. The breeds ranked in the following order: Suffolk,

'wiIIarnette, Dorset Horn, Border cheviot, and colurnbia. They

produced'lZ.Z, 76.5, 73.2, 70.7, and Z3,Z percent respectively of

their total rnilk yield by the end of the fourth period. By the end of

the fifth period the breeds had produced 86.4, 87.9, 89.6, 94.9, and

84.8 percent, respectively of their total lactation yield.

The Dorset Horn breed produced the highest average daily

yield for the seven periods and was followed in order by the

'\4ri1lamette, suffolk, colurnbia, and Border cheviot breeds of sheep.

The average grams of rnilk produced per ewe per day for each period

of lactation by ewes raising singles or twins is presented. in Table g,

and the production curves by periods are shown in Figure l. For

ewes nursing twin larnbs the Suffotk shows the highest average yield

for the complete lactation, and they were followed in order of produc-

tion by the 'willarnette, Dorset Horn, colurnbia, and Border cheviot

breeds (Figure 2). The ewes nursing twin larnbs produced 24.4 per-

cent rnore rnilk than ewes nursing single larnbs. The percentage

breakdown by breed is the following: Border cheviot 39. l, Dorset

Horn 9.0, Columbia 18.9, Suffolk 33.2, and the 'Willarnette 20,5,
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The peak of lactation generally occurred during the second

period for ewes nursing either single or twin larnbs. This was fol-

lowed by a gradual decline through the fifth period and an even sharp-

er decline during the sixth and seventh periods (Figures I and z).

The average grarrs of the rnilk components produced per ewe

per day by various breeds of sheep for ewes nursing either single or

twin larnbs is presented in Table 9. The averages for the rnilk corn-

ponents by periods are found in Appendix Tables I througln 6. The

ranking for each breed according to the quantity of the rnilk corrlpo-

nents produced is shown in Table 5. The ewes nursing twins produced

24 percent rrrore protein, 23.8 percent n:rore lactose * ash, 23.9 per-

cent rno re solids -not -fat, z7 , 5 percent rno re fat, 25, 5 pe rcent rno re

total solids, ar.d 24,2 percent rnore water than did ewes rearing

single Iambs,

rn surnrnary, the one Dorset Horn ewe raising a single larnb

ranked first arrrong breeds for the quantity of rnilk, Iactose * ash,

solids-not-fat, fat, total solids, and water, but was third in protein

content. However, the Dorset Horn ewes raising twins ranked third

in all categories. The suffolk ewes rearing single larnbs ranked

second in protein, lactose * ash, and fat. While they were third for

the quantity of milk, solids-not-fat, total solids, and water produced.

The Suffolk ewes raising twin larnbs ranked first in all categories.

The willarnette ewes raising single larnbs were highest in protein;



Table 9. Average grarns of rnilk cornponents produced per ewe per day by various breeds of sheep
over a cornplete lactation,

Breeds P rotein
l,acto se
* Ash

Solids-
Not-Fat

TotaI
Solids 'WaterFat

For ewes nursing single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

58.4
81.3
69. 4
84. t
86.4

87. 8
96.5
84.6

rz5. 4
r05.0

53.8
92.4
75.O
84.3
83.7

87. 0
97.0
89. 3

t30. z
r07 .2

tlz. z
t73.7
144.3
r58. s
170. 1

t74.8
r93. 5

173.9
255.6
ZIZ. Z

88.
134.
TL4.
TZL,
I 19.

200.8
308.0
258.4
289. I
289. 9

327 .9
347 .2
308.7
434.9
388.5

5

3

0

3

8

815.7
I,309. I
l, 107. z
I,237 . 5
t, 26z. I

l, 340.7
1,430.6
1,374.9
1,851.8
L,562.7

For ewes nursing twin larnbs

153.1
153.7
t34.8
179.3
t7 6.3

(,
.o
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second in quantity of milk, solids-not-fat, total solids, and water;

and third in the quantity of lactose * ash and fat produced. white

'Willamette ewes raising twin larnbs ranked second in all seven cate-

gories. The colurnbia ewes raising singles ranked fourth in all

seven categories. 'While the Colurnbia ewes with twins ranked fourth

in the quantity of milk, lactose * ash, and water produced. They also

were ranked fifth for protein, solids-not-fat, fat, and total solids,

The Border cheviot ewes raising singles ranked fifth in all seven

categories. W'hile the ewes suckling twins were fourth in the quantity

of protein, solids-not-fat, fat, and total solids produced. They were

also fifth in the yield of milk, lactose * ash, and water. The rankings

of the breeds are clearly dernonstrated in Table 5. The ewes nursing

twins produced ?5 percent rrrore rnilk corrrponents than the ewes

nursing singles.

The quantities of the rnilk cornponents frorn one period to the

next period and for the total lactation period follow the lactationcurve

for rnilk yield very closeIy. There is one prirnary reason for this;

that being, that the percentages for the rnilk corrlponents do not fluc-

tuate very much over the entire lactation period. There is a relation-

ship, however, between the percentages of milk cornponents and rnilk

yield. As yield increases the percentages for protein, solids-not-fat,

fat, and total solids decrease, (P <.01) and lactose * ash (p <.05).

While the percentage of water increases, (P <. 0l). This
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relationship is supported by the fact that significant differences

(P <. 01) were obtained between periods. Also the significant inter-

action (P <. 05) for fat, total solids, and water illustrates that all of

the breeds did not perforrn the sarne frorn period to period.

f'actorial analysis of breeds, periods, and breeds by periods

was run on the percentages for protein, Iactose * ash, solids-not-fat,

fa'i, total soli,i.s, a-n,l r,vater. .For fureeCs the valur:s for protein and fat

are significant, P <. 0l and P <. 05, respectively. A11 of the rnilk

corrlponents were significant (P <. 0l) for periods. Fat, total solids,

and water were significant (P <.05) for the breed by period inter-

action. The F-values are presented in Table 10.

Table 10. Analysis of variance for percentages of the rnilk compo-
nents by breed and period.

Iterns B reeds Pe riods Inte raction

Protein
Lactose * Ash
Solids -Not -Fat
Fat
Tota1 Solids
Water

4.96'i"P
0.44
1. 88
3 . 03'i'
t.73
L.73

4 and l8Z d. f.

6. 46t,t,
5. Izs,rt.

15. 48'l"l'
4' ] 9'i"1'

9. 09{.,i.

9. 09':";'

6 and l8Z d. f.

r. 33
0.95
L. 49
l. 53'l'
I. 67,t,
I . 67,k

24 and l8Z d. f..

'i'Indicate s significance
'I"''Indicate s signifi cance

at the five percent
at the one percent

level of probability.
Ievel of probability.
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Colostrurn Milk

Colostrurn samples were collected l2 hours after parturition

frorn ewes of all five breeds and ar:alyzed for the percentage of their

various cornponents. The quality of the colostrurn as judged by the

rankings of the breeds frorn highest to lowest is as follows: Suffolk,

Itillarnette, Border Cheviot, Dorset Horn, and Colurnbia.

Milk Cornpo sition

Analysis of variance was run on the milk corrrposition per-

centages for protein, lactose * ash, solids-not-fat, fat, total solids,

and water to see if there were breed differences for the percentages

of the rnilk cornponents. The results are presented in Table 12.

There were no significant differences (P >.05) between any of the

breeds for the rnilk components studied. The percentage of each rnilk

cornponent for the five breeds of sheep over the seven periods of lac-

tation are given in Appendix Tables 7 throug1:. lZ. The percentages of

the rnilk colnponents by breed are shown in Table 13.

Larnb Growth

The average

in Table 14.

in Table 15.

shown

sented

gain for single and twin larnbs for each period is

Percentages of gains for each period are pre-

The average daily gains for single and twin larnbs



Table ll. Percentages of various cornponents in sheep colostrurn.

B reeds Protein
Lacto se
* Ash

Solids -
Not-Fat Fat

TotaI
Solids 'Water Quality Rank

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

11.80
8. 02
5.01

t6.7r
t3. 25

3. 19

3.44
3. 69
z.82
4.05

14.99
tt.46
9.7 r

19. 54
t7 .30

15.80
14. 18

8. 27
r6.37
13.08

30.79
zs. 64
17.97
35.90
30. 38

69. zt
74.36
82. 03
64. LO

69. 62

3

4
5

I
z

Average ll. t6 3.44 t4.60 13. 54 28. T4 7 1.86

Table 12. Variance and rnean table of rnilk cornponents between breeds.

Mean Square s

Cornponents
ltrithin
B reeds

Between
B reeds F - ratio

General
Mean

Standard
Deviation

Coefficient of
Variation

Protein
Tactose t ash
Solids -not -fat
Fat
Total Solids
W'ater

0.2380
0. t743
o. t43z
0.9843
l.287 4
l.287 4

0.489r
0.0734
0.3338
0.6834
o.7 644
0. 7 644

2.06
o.4z
2.33
o.69
0. 59
0.59

5.462
5. 397

10.859
8.431

19" 290
80. 7 r0

o.4879
o. 417 5
o. 37 84
0.992.1
t.1350
1.1350

8. 90
7.70
3. 50

11. 80
5.90
t. 40

A(,

There were no significant differences between the breeds for any of the rnilk cornponents (P >.05).



Table 13. Percentage of rnilk components by various breeds of sheep.

Breeds Protein
Lactose
* Ash

Solids -
Not-Fat

Total
Solids WaterFat

For ewes nursing single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'W illarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'W illarnette

5.7 5
5. 02
5. 08
5. 5l
5.57

5. Z6
5.43
5. OZ

5.48
5.38

Fo r ewe s nursirg..lyla]3pgbg

5.30
5.72
5.49
5.52
5.39

5. Z2
5.45
5.31
5.70
5.50

11.04
r0.7 4
10. 57
11.03
10.96

10.48
I0.88
10.33
10. 18

10.88

8.71
8. 3l
8.35
7 .94
7 .72

9.18
8.65
8. 00
7 .84
9. 03

19.7 5
19.05
18.92
18.97
18. 58

19.65
19. 53
r8. 34
19. 0z
19.91

80.2,5
80.9s
81.08
80. 03
81.32

80.35
80.47
8r.65
80.9A
80.09

A
A



Tab1e 14. Average grarns of gain by various breeds of sheep for seven periods of lactation.

No. of
T arnbs

Pe riods
Breeds Total

Single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'W illarnette

5

I
6

3

5

z, g17
2,381
2,959
z,964
3,520

4, OgZ

5,994
4,415
3,665
3,923

3,135
3,619
4,243
4,340
5, 153

4,207
4,912
3,614
7, 525
6, r47

3,977
5,654
3,887
5, ZgZ
5,261

2,857
3,402
4,341
4,309
4,807

3, 175
4, O82
4, ggo
4,697
5,350

4,354
4,990
4,675
5,900
4,719

9,979
8, 6lg
5,997
9,979

lz,0z0

3,810
4,536
4, 137
4,990
5, 17l

7, Z5g
7, 5gg
6,9o4
7,769
g, 164

24, 226
29,664
29, z3z
32,482
33, ggl

44,917
49, 17Z
4t, 686
54, 147
55, 7 69

4
8

Z

4
4

Twin larnbs

6, 010
7,091
5,874
7, Z5g
6,804

6, rz4 7, z5g
6,350 g, 6lg
5, ZL6 g,966
8,392 g,56L
8, 051 10, 650

A(Jl
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Table 15. Percentage of the total
of the seven periods of
sheep.

gains rnade by lambs during each
lactation by various breeds of

Pe riods
B reeds

Single lambs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Itrillarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
\[illarnette

lz.0
8.3

10. I
9. I

10.4

9.1
tz. z
r0.5
5.8
7.0

tz. g

12.6
14. 5

13.4
15. Z

ll.8
11. g

r4.8
13.3
t4. z

13. I
t4. z
L7.t
14.4
15. 7

t6. z
t7. 5

23.7
77 .7
19. t

16.4
19. 7
13. 3

16. 3

15. 5

Twin larnbs

18. 0 15.7
t7. 4 15. 8

15. 0 t4. z
18. z t5.4
13.9 t5. Z

zz. z t6. z
17.5 15.4
14.2 16.3
18. 4 14.3
zt.6 t4.6

9.4
10. 0
8.7

t3. 9
1t. 0

13. 4
t4.4
14. I
t3. 4
tz. z

13.6
tz. g

tz. 5

15.5
14.4
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for seven periods of lactation are found in Table 15. The lVillarnette

breed had the highest average daily gain and was followed in order by

the Suffolk, Colurnbia, Dorset Horn, and Border Cheviot for single

lambs. For twin larnbs the Willarnette was again highest, followed by

the suffolk, Dorset Horn, Border cheviot, and colurnbia breeds in

that order. A twin set on the average gained 40.2 percent rnore than

a single larnb. For exarnple this difference was as follows: Border

cheviot 46.9, Dorset Horn 43. L, colurnbia 31.6, suffolk 40. l, and

Willarnette 40,9 percent rnore weight than a single larnb frorn each of

the respective breeds. The single and twin lambs gained rnore weight

per day as they grew older and were utilizing a supplernentary feed

source to a greater extent, The growth curves by periods for single

and twin larnbs are shown in Figures 3 and 4.

In order to study the influence of the variation in rnilk yields

on the growth of larnbs in greater detail, the grarns of milk required

to produce one grarn of gain over the seven periods of lactation and

the average for the cornplete lactation is shown in Table IT. In the

interpretation of the table it rnust be realized that a supplementary

feed source was available to the anirnals at all tirnes. As the anirnals

grew and the rurnen becarne functional additional feeds were utilized

for growth, but it appears frorn the table that growth was obtained

with very srnall quantities of rnilk. Table l8 contains the ranking of

the breeds over the cornplete lactation period. of ewes producing



Table 16. Average grarns of
lactation.

gain per day by various breeds of sheep over seven periods of

Periods
B reeds Average

Single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

r87
170
180
198
ztt

255
368
302
286
29r

219
244
28l
310
376

300
348
317
588
455

?,46

294
278
378
376

zo4
2.43

310
308
343

ZZ7
292
356
335
385

sr8
616
705
693
761

318
3s6
352
4Zt
357

713
6t6
421
739
890

276
324
328
3s6
410

518
543
486
571
628

256
296
310
353
370

483
519
453
589
627

Twin larnbs

42g
463
435
518
486

437
454
373
599
575

A
6
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Tab1e 17. Grarns of rnilk required to produce one grarn of gain for various breeds of sheep over
seven periods of lactation.

Pe riods
B reeds

Single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

6.5r1
12.488
9. 277
8.524
9. 07Z

8.345
6.206
5. 360
7.827
8.456

7.t48
7. 456
5, g6l
5.7 54
5.423

6.839
7.164
7.476
5. 027
6.77 4

4.433
6.532
4.990
4.422
4.604

4.670
6. 089
4.379
5. 170
4.4t7

3. 583
5.417
3.102
4.365
3.374

3. O4Z

Z. 226
2.308
2.849
1.889

r. 928
2.943
z.237
2.9t4
2.969

r. 468
t.735
1.556
2.077
t.532

1.030
t. 255
1. lI8
1. 393
0.982

0.894
0.725
0.754
l. 117
0.98r

3.964
5.47?
4.406
4.326
4. r93

3.455
3. 4?4
3.7t6
3. 882
3. tt4

Twin larnbs

4.515
4.345
4.903
5. 238
4. r4Z

3. 592
4.0t6
4.207
3. 849
2.993

(.'l

O



Table 18. Ranking by breeds for efficiency of growth over the lactation period.

B reeds Protein
Lacto se
* Ash

Solids -
Not-Fat Fat

Total
Solids 'Water Milk

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

I
5

4
3

z

I
5

4
3

z

Z

5

1

4
3

3

Z

4
5

I

3

z
4
5

I

5

2

3

4
I

1

5

4
3

z

Single larnbs

I
5

3

4
z

Twin larnbs

z
3

4
5

I

3

5

4
z
I

I
4
3

z
I

z
3

4
5

I

Z

3

4
5

I

3

Z

4
5

I

l-
5-

requires the srnallest quantity per unit of growth.
requires the largest quantity per unit of growth.

ut
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single larnbs the Border Cheviot, Willarnette, Suffolk, Columbia,

and Dorset Horn breeds ranked in that order for efficiencies of larnb

growth. The rank for ewes suckling twins was willarnette, Dorset

Horn, Border Cheviot, Colurnbia, and Suffolk. Table l9 contains

the average grams of milk components required to produce one gram

of gain. Appendix Tables 13 through l8 contain the grams of milk

comPonents required per grarn of gain for seven periods of lactation.

The greater efficiency of twin lambs is shown as percentages in

Table 20. The requirement for rnilk by single and twin larnbs de-

clined frorn one period to the next over the seven periods of Iacta-

tion (Figures 5 and 6). The arnount of the rnilk cornponents required

per unit of growth was less for twins than for single larnbs. Twin

larnbs required 78 percent as rnuch protein, lactose * ash, and fat

and 82 percent as rnuch total solids and rnilk as single 1arnbs.

The order of rnonetary return was greatest for the suffolk

breed and it was followed by the willarnette, colurnbia, Dorset Horn,

and Border Cheviot breeds, respectively (Table Zl). This was

calculated on a total ewe basis. If this return were calculated on

a Per larnb basis the'Willamette would rank highest with the Suffolk,

Columbia, Dorset Horn, and Border cheviot ranking in that order.

The Border Cheviot breed had the highest conformation

scores, but for all practical purposes the willarnette, suffolk, and

Dorset Horn breeds were equal to the Border Cheviot, as a1I were
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Tab1e 19. Average grarrs of rnilk
breeds of sheep over a

corrrponents required to produce one grarn of gain for various
cornplete lactation.

Breeds P rotein
La.ctose
* Ash

Solids -
Not-Fat

TotaI
Solids 'WaterI'at

For ewes nursing single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
Willarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

For ewes nursing twin larnbs

o. zz8
o.275
o. zz4
o.238
0.233

0. t8z
0. r85
0.187
o. zt3
0.168

0. zto
0.313
o.242
0. z3g
0. z26

0. 180
0. 187
0. tg7
o. zzt
0. 171

o.438
0. 588
0.466
o.477
0.460

0.362
o.373
0.384
0.434
0.339

o.345
0.455
0.368
0.344
0.324

o. 317
o.296
o.298
0. 304
0.281

0.783
t. 042
0. 833
0.821
0.783

o.679
0.669
0.681
0.738
o.620

3. t8l
4.430
3.572
3. 506
3. 409

2.77 6

2.755
3.035
3.144
2.494

(jrl
(.rl



Table 20. A set of twin
larnbs by the

larnbs requires less rnilk and milk
following pe rcentage s.

components per grarn of gain than single

B reeds
Milk and

Components
Border
Cheviot

Do rset
Horn Colurnbia Suffolk Willamette Average

Protein
La.ctose f Ash
Solids -Not-Fat
Fat
Total Solids
Water
Milk

20. z
14.3
t7. 4
8. I

13. 3

lz.7
t2,.8

32.4
40.3
36.6
35. 0
35. 8
37.8
37.4

t6. 5

18.6
17.6
19. 0
t8. z
15.0
15. 7

10.5
7.5
9.0

ll.6
10. t
10. 3

10. 3

27.9
24.3
26.3
13. 3
zo.8
26.8
25.7

zt.9
zz.3
zz, I
18. 5

zo.5
?.1.5
zl.3

(rl
6



Table 21. Summary of breed performance.

No. of
Ewes

Lambing
Percentage

Average
Birth Weight

Lengths of
Gestation

Income
Breeds Dollars Per Lamb Dollars Per Breed

Border Cheviot
Dorset Horu
Columbia
Suffolk
lAlillamette

Average

9

9

9

9

9

133. 3

t22.2
133. 3

122.2
ttt, L

8.63
9. 10

10.93
10. 57
10.90

150. 1
t47.O
1s0. 3
1s1.8
t48- L

8.79
9.93

10. 10

11.86
12.68

79.@
99.34

100.96
1t8.62
114.08

124.4 10.03 L49.5 1o,67 1O2.42

Conformation
Scores

Condition
Scores

Average
L2O Day

Average Grams of
Gain/Lamb/Dav

Average Grams of
Gain Per Lamb
Single Twins

Tendemess Composite
Scores Scores

Breeds

Border Cheviot
Dorset Horu
Columbia
Suffolk
Willamette

Average

88.2
86.6
78, L

86.4
88.0

81.8
86.1
78.3
87.7
88.8

Wei

72,3
78. t
86.9
94.2

100.2

2s6,4
295. 5
310. O

353.0
370.2

483.0
5t9.2
453.0
589.0
626.6

4, L3

4.7t
5. 06

4.@
4.89

4. s0
4.9t
5.09
4.4
4.9s

24,225.6
28,664,4
D,232.L
32,48t,6
33, 980.6

44,9t6.8
49, r7t.7
41, 695. 6
54, L47.O
55r769. t

85.5 84.5 86. 3 317. O 534.2 D,7t6,9 49, 139.0 4. 58 4.78

ul
-l



5B

graded choice. The Colurnbia was a grade lower in conforrnation

than the other four breeds. With respect to the condition scores the

grades were high choice for the 'Willamette, Suffolk, and Dorset

Horn, Iow choice for the Border Cheviot and high good for the

Columbia larnbs. The carcasses that rated the higirest on tenclerness

and cornposite prelerence scores as deterrnined by organoleptic tests

were Colurnbia, Willarnette, Dorset Horn, Border Cheviot, and

Suffolk, respectively.

When the weaning weights were adjusted to tZ0 days the dif-

ferences in growth rates between breeds becarne very evident, The

\trillarnette and SuffoLk breeds were by far the best growing breeds.

The Colurnbia had a very satisfactory 120-day body weight but the

Dorset Horn and Border Cheviot were average or below being 78. i

pounds and 72. 3 pounds respectively (Tab1e 21).

The guantity of rnilk and the nurnber of days required to

produce larnbs of a given weight based on the average efficiencies of

growth and the average daily gain for each of the five breeds studied

is postulated in Table ZZ. The figures are quite r.'evealing when one

rnultiplies the average grarrrs of rnilk produced per ewe per day per

breed by lZ0 days and cornpares this with the quantities listed in the

table. The grarrrs of rnilk produced in lZ0 days for each of the breeds

raising both single and twin larnbs are as follows: Border Cheviot,

singles 121 , 968, twins 200, Z3Z; Dor set Horn, single s L94, O5Z,



Table ZZ. The grarns
on average

of rnilk and nurnber of
efficiencies of growth

days required to produce
and average daily gain for

larnbs of a given weight based
each of the five breeds studied.

70 Pounds 80 Pounds 90 Pounds 100 Pounds

B reeds Milk
Days

Required
Days

Required
Days

Required
Days

RequiredMilk Milk Milk

Single larnbs

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

Border Cheviot
Dorset Horn
Colurnbia
Suffolk
'Willarnette

tz5, g62
173,743
t3g, gg6
137, 356
133,133

z19,4oL
277, 432
235, 97 5
246,517
197,747

250,7 44
248,494
269,6g6
z8t, 7 33
zz5, gg6

142
tz3
tt7
t03
98

Twin larnbs

r50
140
150
tz3
rl6

16r, gzz
223,384
L7g, g66
t7 6, 600
17l, 17L

z8z, o87
279,556
303, 397
316,950
254,246

t24
107
t02.
90
86

r32
TZZ

140
108
r01

143, gZ4
198,553
159, 8g I
156, 97 g

152, l5Z

l5g
I38
L3Z
116
rt0

r69
157
180
t3g
130

17 9, 803
248,204
199, 85 I
196, ZZ3
190, lg0

313,430
3t0,6lg
337, 108
352, 167
zgz,4g5

177
154
r46
tz8
lzz

r88
t75
200
r54
145

(,l
\o
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twins 213,324; Colurnbia, singles 163,872, twins Z0Z,O3Z; Suffolk,

single s 183, 27 6, twins Z7 4, 4O4; and Willarnette, single s 186, Z4O,

twins 234, 144. According to these figures the Border Cheviot does

not yield enough rnilk in 120 days to raise one 70 pound larnb. The

other four breeds rnet this requirernent quite easily, For twrns only

the Suffolk and Willarnette produce enough rnilk in 120 days to raise a

set of twins averaging 70 pounds per 1arnb. The Colurnbia, suffolk,

and Willarnette breeds produce enough rnilk to raise one larnb to 80

pounds, however, only the Willarnette produce enough rnilk to raise a

set of twins to 80 pounds. Both the Suffolk and Willarnette produce

enough rnilk to raise 90 pound single larnbs. However, none of the

breeds produced enough rnilk to average either 90 pound twin larnbs

or 100 pound singles or twins.

Live Weights

Highly significant differences were found to exist between the

breeds of sheep at 100 days of age (Table 23). In the order of de-

creasing body weights, the breeds are ranked as follows: 'Willarnette,

Suffolk, Colurnbia, Dorset Horn, and Border Cheviot. The calculated

Least Significant Difference (r,sD.05) at the five percent Ieve1 is

equal to 9.239 for the breeds. When the rnean breed weights are

corrPared using this LSD (Table 24), it is evident that statistically

significant differences exist when cornparing the Willarnette with the
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Table 23. Analysis of variance of the adjusted 100-day live weights.

Source of Surn of Degrees of
tr'reedornVa riation Square s Mean Square F

B reed
Sex
Breed x Sex
Erro r
Total

3406.7346
t8l. 3407
278. Z4g5

34s5.6599
732r. 9847

851.6836
t8t. 3407
69. 5623
93.3962

9. I l 'l"l'
t. 94
.74

4
I
4

37
46

'l'*Indicates significance at the one percent leve1 of probability.

Table 24. Least significant difference between the 100-day live
weights of the five breeds of sheep,

Cornparisons Diffe rence

W'illamette - Suffolk
ltrillarnette - Colurnbia
'Willarnette - Dorset Horn
'l4rillamette - Border Cheviot
Suffolk - Colurnbia
Suffolk - Dorset Horn
Suffolk - Border Cheviot
Colurnbia - Dorset Horn
Colurnbia - Border Cheviot
Dorset Horn - Border Cheviot

4.99
ll. ll,l.
I 8. 7 0,r,:.

23. 63trir
6. rz

I3.7lrl.,l.
I 8. 64,:.1.

7.59
lz. 5zi<rr
4.93

{' Indicates significance
{'* Indicate s significance

at the five percent
at the one percent

leve1 of probability.
level of probability.
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Colurnbia, Dorset Horn, or Border Cheviot. The sarne is true when

cornparing the Suffolk with the Dorset Horn, or Border Cheviot, and

when cornparing the Colurnbia with the Border Cheviot breed. The

differences between the Willarnette and Suffolk, Suffolk and Colurnbia,

Columbia and Dorset Horn, and Dorset Horn and Border Cheviot are

not statistically significant. However, there is a rather uniforrn five

to seven pound difference between each of these breeds. The body

weight differences between sexes within a breed were not found signi-

ficant, and there appeared to be no significant interaction between the

breed and sex.

The body weight of larnbs varied significantly according to

breed, type of birth, and period, but no sex difference could be ob-

served (Table 25). Both the single and twin larnbs of the five breeds

showed a steady increase in body weight with age. The single lambs

were heavier than the average of a set of twins throughout the seven

periods. In general, at the end of the seventh period, the'W'illamette

had the heaviest body weight as either a single or twin larnb. They

were followed in turn by the Suffolk, Colurnbia, Dorset Horn, and

Border Cheviot, The Colurnbia twin larnbs had an average body

weight less than that of Dorset Horn twins. The growth curves for

the Willamette and Colurnbia breeds showed a marked difference be-

tween single and twin larnbs, but this was not true of the other breeds

as they did not show such a difference (Figures 3 and 4).
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Table 25. Analysis of variance of weights of five breeds of larnbs.

Source of
Variation

Surn of
Squares

Degrees of
Freedorn Mean Square r'

Period
B reed
Sex
Birth Type
Erro r

9,7 ll, 842.
639,390.

89.
397, 096.

l,246, ozz.

1,679,640.
t5g,595.

89.
397, 096.

4,071.

39. 7 4**
39. t9xat

0.02
97 , 52r,/k

00
00
08
93
00

6

4
I
I

306

33
00
08
93
97

**Indicates significance at the one percent level of probability.

Simple correlation coefficients arrrong

carcass traits and the milk characteristics a

various live anirnal and

re presented in Table 26.

Many of the correlation coefficients are statistically significant

(P <.01), but have very little biological relationship with growth or

carcass desirability of the larnb. One of the rnost irnportant correla-

tion coefficients is that of total gain with grarrrs of total rnilk pro-

duced. Seventy percent of the differences in total gains are accounted

for by variations in rnilk production. The high correlation coeffi-

cients of the rnilk components and the days nursed with the other

characteristics studied are due to the fact that they are closely re-

lated to total rnilk yield. They by thernselves are not of irnportance.

The correlation coefficient of 0. 84 between conforrnation and condi-

tion scores tells us that 70 percent of the differences in conforrnation

scores are due to variations in condition scores. Ninety percent of

the variation in the composite preference score is accounted for by



Table 26. Cortelation coefficients for various live animal.e. carcass and milk characteristics.

Lactose So1ids- TotaI
Conformation Condition Preference Tendenress Protein + Ash Not-Fat Fat Solids MiIk

Score Score Score Score cm qm gm lrm gm sm Davs

Total Gain, gm
Conformation Score

Condition Score

Preference Score

Tenderness Score

hotein, gm
lactose + Ash, gm
Solids-Not-Fat, gm
Fat, gm
Total Solids, gm
Milk, gm

o,_: 0.63

l_ti
0.10
o. L2

,-.-:,

0.20
o.14
o.22
0.95

o.87
0. s6
0.63
0. 16

i_il

0.83
o.49
o.64
0.0s
o,14
o.-'-?

0.86
0.53
0.6s
0. 11

0.19
0.98

l:ll

0.83
0.52
0.60
0.08
0.15
0.91
0.89
o.92

o.87
0.54
o,64
0.10
o.18
o,97
o.97
0.99
o,97

0.84 0.83
o.s2 0.54
o,64 0.64
0.13 0.14
0.20 0,21
0.96 0.97
0.98 0.97
0.99 0.99
o.92 0.94
0.98 0.99

0.99

Correlation coefficients of 0.304, or greater are significant at P of . O1 and 0. 393 or greater are significant at p of .05 (40 d. f. ).

6
A
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the tenderness of the rneat sample. These are the only correlation

coefficients that are of biological va1ue.

The Effect of Breed, sex, and Rearing on Larnb performance

Several factors were studied with regard to their relationship

to larnb performance after adjustrnents had been rnade for breedr s€Xr

and rearing. The dependent variables were total gain, conformation

score, condition score, corrrposite preference score, and tenderness

score. The independent variables were total grarrs of protein,

solids-not-fat, fat, and milk, and the total days that the lambs were

nursed.

Total live-animal gain was affected by the milk cornponents

and rnilk yield (P <.01), but not by any of the other variables studied.

conformation score, composite preference score, and tenderness

score were not affected by any of the variables studied, while condi-

tion score was affected by breed (P <. or). None of the traits studied

were affected by the sex or rearing of the 1ambs.

Synchronization of Estrus

The oral progestogen, 5 o -rnethyl-L7 o -acetoxyprogesterone

("Provera", The upjohn cornpanf), was used to synchronize the

estrus of the ewes frorn the five breeds utilized in this rnilk study.

The breeding patterns for the ewes are shown in Table 27,
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Table 27. Patterns of estrus for ewes following trcatment with 50-60 mg Provera for 14 days. Based
on breeding data.

Days after
Cessatiorr Sorde" Chevio! Dorset Horn
of Provera No. Percent No. Percent

Columbia
No. Percent

Suffolk
No. Percent

Willamette
No. Percent

Total
No. Percent

1

2

3

4
5

Totals

3 33.3
2 22.2
2 22.2
t tt.t
t tt,t

o 0.0
0 0.0
3 33.3
5 55.6
L tt.l

1 11.1
3 33.3
L IL.T
4 44.4
0 0.0

L4 31.1
5 11.1

10 22.2
L4 31.1
2 4.4

9 100.0 1 Lt.t
0 0.0 0 0.0
0 0.o 4 44.4
0 0.o 4 44.4
0 0.0 0 0.0

9 100.0 9 100.0 9 100.0 9 1oo. o 9 100.0 4s 1oo. o

rt can be seen that 100 percent of the ewes came into estrus

within the first five days following cessation of Provera feeding. The

percentage of ewes that larnbed frorn the rnatings at the first and

second estrus following the cessation of Provera feeding is shown in

Table 28.

Table 28. The percentage of ewes that lambed from matings at the first and second estrus.

eder ctevlgt Dorset Honr* gglu+qia Suffolk{ willamette* Total
Estrus No. Percent No. Pelqent No. Percent No. Perceut No. Percent No- percent

First 3 33. 3 6 100. 0 7 77.8 3 37.5 I 12.5 20 50. O

Second 6 66.7 O 0.0 Z ZZ.2 S 62.5 Z BZ. S 20 SO. O

Totals 9 100.0 6 1oo.o 9 1oo.o 8 1oo.o 8 1oo.o 40 1oo.o

*Some of the ewes not lambing were accounted for by death and others were barren.

A11 of the Border Cheviot ewes showed a second estrus on the

average 9.5 days (8-12 days) following the first estrus and one ewe

had a third estrus 30 days after the second estrus. Three of the ewes

lambed frorn the rnating at the first estrus and six ewes larnbed frorn
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breeding at the second estrus. It is of interest to note that the three

Border Cheviot ewes that carne into estrus a second tirne larnbed frorn

the first breeding and one carrre into estrus a third tirne but larnbed

frorn the breeding in the second estrus.

Three Dorset Horn ewes had a second estrus and one of these

had a third estrus. The length of the estrous cycle between the first

and second heats averaged l4 days (9-Zt days) and the interval be-

tween second and third heat was l8 days. seven ewes becarne preg-

nant frorn rnatings at the first estrus and one of these died before

larnbing and another had a second estrus zl days later. Two of the

ewes that had rnore than one estrus were barren and this includes the

ewe that carne into estrus three tirnes-

Two Colurnbia ewes had a second estrus and one of thern had

a third estrus. The average length of tirne between the first and

second estrus was 17.7 days (16-20 days) and between the second and.

third estrus was zZ days. Seven ewes larnbed frorn rnatings at the

first estrus, two larnbed from rnatings at the second estrus and one

showed a third estrus but larnbed frorn the rnating at the secondestrus.

seven suffolk ewes came into estrus twice and one a third

tirne. The length of the estrous cycle between the first and second

heats was on the average l5 days (lz-zo days) and the interval be-

tween the second and third was l5 days. Three ewes lambed frorn

rnatings at the first estrus. One of which carne into estrus again l5
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days after she becarne pregnant. Five ewes larnbed from rnatings

during the second estrus. One ewe came into estrus three times but

was barren at lambing tirne.

A11 nine willarnette ewes came into estrus twice and three

carrre into estrus a third time. There was on the average a lz, g day

g-tt days) estrous cycle between the first and second heats and the

interval between the second and third heats averaged 20 days. One

ewe lambed from matings during the first estrus but had a second

estrus 14 days later. Seven ewes larnbed frorn rnatings at the second

estrus and three of these had a third estrus. one ewe that had had

two estrous cycles and was pregnant died before larnbing tirne.

Table 29. Percentage of ewes having two and three estncus cycles.

Estrcus Sorder Cheviot Dorset Horn Colum-bir Suffolk Willamette Total
Cvcles No. Percent No. Percent No. Percent No. Percent. No. Percent No. Percent

Two 9 100.0 3 33.3 2 22.2 7 77.8 9 tOO. O 30 66.7
Three 1 11.t L [t.l t tL.L L 11.1 3 33.3 7 15.6

The relationship of the five breeds of ewes pertaining to two

and three estrous cycles is presented in Table 29. A total of.66,7

percent of the ewes had two estrous cycles and 15.6 percent had three

estrous cycles.

The average lengths of gestation were: 150. I days (l4Z-l7l

days) for the Border Cheviot, 147.0 days (145-148 days) for the

Dorset Horn, 150. 3 days (147 - 155 days) for the Colurnbia, l5l, 8
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days (144-163 days) for the Suffolk, and 148. I days (143-t5Z days) for

the W'illamette. The overall average wa s 149.5 days.
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DISCUSSION

The genetic or hereditary growth potentialities of livestock are

predeterrnined at conception. The expression of the hereditary growth

possibilities is, however, subject to the influence exerted by environ-

mental agencies. The rnost irnportant of these environrnental factors

influencing the course of growth are the nutritional conditions to which

the anirnal is subjected. Following conception the foetus is entirely

dependent upon the intra-uterine nourishrnent it receives. During the

early post-natal stages it is dependent upon the developrnent of the

rnothering qualities of the darn. Through selective breeding the he-

reditary growth rate of different types of livestock is being changed.

In our rnodern breeds of livestock bred for rneat production the main

emphasis has been for growth in early life. The result has been an

increase, genetically, in the growth stirnulus arnongst the various

breeds. since the hereditary aspect of growth cannot be separated

frorn the environrnental aspect, it is obvious that any increase in the

hereditary growth rate of a breed rnust necessarily be accornpanied

by a corresponding irnprovement in the nutritional conditions in order

to p.errnit the optimurn expression of its hereditary characteristics.

In all farrn anirnals where the newly born anirnal is not arti-

ficially reared, it is dependent upon the milk of its darn for adequate

nourishrnent during the early stages of its life. Thus it is apparent
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that the higher the hereditary level of milk production, the greaterwill

be the nutritional dernands of ewes if they are to express their opti-

rrlurn production. It rnay, therefore, be concluded that the success-

ful production of fat larnbs is dependent fundamentally upon the use of

the right type of ewe. Such a ewe should be capable of rnaintaining a

high level of rnilk production under a systern of rrranagement which

provides adequate high quatri.ty feed. to rneet increased. nutritional de-

mands. Therefore, inadequate nutritional conditions will restrict the

possible expression of the hereditary potential for the production of

milk. In the case of a high producing ewe, there will be a tendency

to rnaintain the higher level of production at the expense of her body

tissues when nutritional conditions are inadequate. A drop in condi-

tion will follow, and consequently a disturbance in the norrnal phys-

ological functioning of her body will occur. This is one possible rea-

son why ewes fail to breed during the next breeding season. With an

inherent low level of rnilk production, optirnurn nutritional conditions

cannot force the level of production above the lirnit of the hereditary

potentialitie s.

Measurements of Milk Yie1ds

It is obvious that data

of reliability equal to

on rnilk yield cannot be

that possible in anirnals

obtained with a

kept for dairydegree
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purposes. McCance (38, p. 840) rneasured yield by hand rnilking

following the injection of posterior pituitary extract to obtain rnilk

ejection. Larnbs put with ewes that had been hand rnilked after two

doses of five international units of posterior pituitary ext:ract could

obtain litt1e or no rnilk. Prior to this, rnost investigators estirnated

milk yield by rneasuring the total intake of the larnb during a 24lnorur

period. One criticisrn of this rnethod is that results rnight depend

on the appetite of tfre larnb rathe r than on the rnilking ability of its

darn. It is known that very young larnbs do not always empty the

udder, and that older larnbs rnay not take all the available rnilk even

though hungry and deprived of water. Under conditions such as these,

the appetite of the larnb deterrnines the rnilk yie1d, and consequently

correlations between the yields and, larnb growth rates, particularLy

during the later stages of lactation, tend to be 1ow.

In the present investigation Purified Oxytocic Principle proved

to be very successful in allowing reffroval of all available rnilk frorn

the udder. Thus, it was established as a very useful and accurate

research tool for studies of this type.

Yield and Composition of Ewers Milk in Relation to Growth of the Larnb

The variation in the shape of the lactation curves and the tirne

after lambing at which the rnaxirnum milk production is reached are
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of great practical irnportance. In order to prornote rapid growth and

to meet the increasing rnaintenance requirernents of the developing

larnbs it is essential that the darns show a steady increase in the daily

rnilk production during the first three weeks of lactation. During this

period the larnbs are almost entirely dependent for their nourishrnent

upon the rnilk supply of their darns.

Barnicoat, Logan and Grant (6, p. 47) arrived at the conclu-

sion that the average daily yield of rnilk over a l2 week lactation for

mature Rornney ewes producing single larnbs was 1220 grarrrs. They

found that the stage of the ewers life where rnaxirnurn rnilk production

was obtained was in the fourth year during their third lactation, How-

ever, the influence of age on rnilk yield did not seefit to be very pro-

nounced. In the present study, it is shown that for ewes nursing

single larnbs the Border Cheviot averaged 1,016 grarrs for a 13 week

lactation. This is quite low when cornpared with Dorset Horn 1,617

grams, W'illarnette l, 552 grarns, Suffolk l, 527 grarns, and Colurnbia

l,366 grams for the same interval.

The effect of the number of larnbs being suckled on rnilk

yields is very irnportant. Ewes with twins secrete on the average

4?5 grarns rnore milk per day than ewes with singles (7, p. 15). In

this study there are marked differences between breeds, but there is

an overall average of 25 percent greater average rnilk yield for ewes
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with twins. The milk is shared between twins, but their slower

growth rates, 15, ? percent, in cornparison with singles are by no

rneans proportional to their differences in rnilk intakes. A set of

twins on the average gained 40,7 percent more than a single 1arnb.

The lactation curves of ewes suckling twin larnbs differ slightly in

shape frorn those of ewes nursing single Larnbs. The peak of lacta-

tion is more pronounced in ewes nursing twins although it occurs

during the sarne period of lactation. The decline in rnilk produc-

tion is rnore gradual for ewes nursing single larnbs,

A11 the breeds except the Dorset Horn and Suffolk show an

increase in yieid frorn the first to the second period and then a sharp

decline in yield frorn the second to the third period. After the third

period a gradual decline occurs until the end of lactation. The Suffolk

does not show a sharp increase in the second period, but has agreater

persistency throughout lactation. The Dorset Horn breed fluctuated

up and down frorn period to period. For ewes suckling twin larnbs all

breeds peaked in the second period except the Border Cheviot which

peaked in the first period. The Dorset Horn and Willarnette breeds

showed a sharp decline between the second and third periods which

then tapered off to the end of lactation. The Suffolk showed a sharp

increase in the second period and then had greater persistency

throughout lactation. This greater persistency accounted for the
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advantage that the Suffolk breed possess in total milk yield.

Changes in the Milk Quality with Increased Quantities

A review of the published work ernphasized the existence of a

functional relationship between the quantity of rnilk and the percentage

of milk fat. This general relationship rnay be stated thus: as the

quantity of rnilk increases, the quantity of fat also increases, but at a

slower rate. Therefore, the percentages of fat and other rnilk cornpo-

nents fall as the volurne of rnilk increases. This relationship exists

both between the breeds and between the anirnals within the sarne

breed and even at different levels of production within a single lacta-

tion. In general, the lower the yield the greater will be the concen-

tration of fat and other rnilk cornponents. The relationship of the

average daily rnilk yield for each period of lactation with the per-

centage of the rnilk components in the present study is in cornplete

agreement with the relationship as outlined above. Edward.s lZ7,

p. 122) investigated various factors influencing the relationship be-

tween the secretion of rnilk and milk fat. He found a fundarnental in-

verse relationship between milk volurne and fat percentage. Like-

wise he also found that there is no specific effect of the stage of

lactation on the percentage of fat. These effects are attributed to a

nurnber of factors which affect the function of the marnrnary gland,
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such as nutrition and the activity of the anirnal at different tirnes of

the day and during the seasons of the year.

The percentages of the rnilk components investigated in this

study are in good agreement with those found by Barnicoat (5),

Fuller and Kleinheinz (30), and Godden and Puddy (31) on various

breeds of sheep. There were no significant differences between the

breeds for the average rnilk corrrponents studied in this investigation.

The percentages of the rnilk solids decrease as rnilk yield increased,

The percentage of water increased with the rnilk yield. The relation-

ship of the rnilk corrrponents with the rnilk yield was significant at

(P <.01), except for lactose * ash which was significant at (P <.05).

Barnicoat et a1. (7, p. l5) studied the chernical cornposition

of rnilk frorn ewes and found that the fat and protein contents were

highest at the beginning and the end of lactation and that the ash con-

tent increased slightly as lactation advanced. This is understandable

if the sarnpling is started before the colostrurn flow has cornpletely

ceased. Also, during the latter stages of lactation the percentages

of the cornponents rnaking up the total solids increase even though the

total milk yield is decreasing. In addition, the percentage of water

was also declining during the latter stages of lactation.
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I-arnb Growth

In considering the influence of the milk secretion of ewes on

the growth of larnbs it rnust be borne in rnind, that apart frorn the in-

fluence of the differences in the total yield, the differences in the

shape of the lactation curve rnay also have an irnportant effect. The

difference in total yield between the high and low producing ewes is

rePresented by the area between the lactation curves. The variations

in the shape of the area between any two lactation curves offers an

explanation as to the nature of such differences, and this rnay have

an important bearing on the growth of the larnbs, The difference in

the total yield between the high and low producing breeds, rnay be

due either to a higher level of production in the former during the

early part of the lactation, or to a greater persistency of rnilk secre-

tion. I'or exarnple, the rnilk flow is rnaintained better and the decline

in the lactation curve is slower in the high producing ewes.

A possible explanation which rnay be advanced for the dif -

ferences in the shape of the lactation curves for sheep during the first

few weeks is that the lambs frorn the high producing ewes are not able

to drain all of the available rnilk. Thus, the potential production of

the ewes is higher than the actual rnilk intake by the lambs, The dif-

ferences in the shape of the curves and in the tirne that the five breeds
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of ewes reach their maxirnurn production are of fundamental practical

importance. During the first few weeks following birth the growth

rate of lambs is rapid and consequently their nutrient reguirernents

rapidly increase. Young larnbs start to consurne food other than rnilk

when they are two to three weeks oId, but the quantity that they eat is

at first very srnall. In order to prornote rapid growth and to meet the

demands of the increased nutrient requirernents of the lambs, it is

essential, therefore, that the rnilk yield of the ewe should show an

increase during the first three weeks.

The differences between the breeds for larnb growth hardly

needs further comrnent to ernphasize the irnportance of the quantita-

tive rnilk production of the ewes in relation to the growth rate of

larnbs. The greatest difference in the milk yields of the ewes was

observed during the first two periods. The differences in larnb gains

were greatest during the second and third periods and were then main-

tained at this relationship during the rernainder of the tirne studied.

These differences again ernphasize the fact that it is rnainly during

the early post-natal stages when the growth of the larnbs is alrnost en-

tirely dependent upon the rnilk secretion of their darns. It is at this

early state that the growth of the larnbs frorn low yielding ewes suffer

mo st. The inhe rent growth rate i s mo st rapid during the first f ew weeks

after birth, and it is therefore of fundarnental economic irnportance
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that the rnaxirnum possible rate of growth during this period be at-

tained.

The apparently lower efficiency of the Dorset Horn single

larnb is thus rnore likely to be due to the fact that it was less inclined

to consurne other food. Also, the increased earliness of rnaturity of

the Dorset Horn and Border Cheviot larnbs, further suggests that

they were putting on fat at an earlier age. This would also apply to

the Suffolk twins.

Efficiencies of Growth

One of the rnost interesting features of the results is the ap-

parent increase in the average arnount of rnilk consurned per unit of

gain over the total period as the leve1 of rnilk intake increased. One

explanation is that with a lower milk supply a higher percentage of

the milk intake was required for maintenance. The average arnount

of milk consurned per grarn of gain during the first two periods, when

the larnbs were entirely dependent upon the rnilk secretion of their

darns was 7.851 grarns for single larnbs and 6.947 gtarns for the

twin larnbs. These figures are higher than those reported by Bonsrna

(ll, p. 103) by one grarrr for twins and two grams for single larnbs.

Various factors are probably responsible for the apparent de-

crease in the efficiency of rnilk utilization over the entire period as

the level of rnilk intake increases. The higher level of nutrition
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enjoyed by larnbs frorn the high producing ewes prornotes rapid

growth. Consequently the difference in the weight and size between

lambs from the high and low yielding ewes rnust of necessity be as-

sociated with a corresponding difference in their rnaintenance re-

quirernents. After the first two periods it follows that there will be

an appreciable difference in the rnaintenance requirernents between

larnbs of the sarne age, but reared on different leve1s of food intake.

Since the rnilk consurned by the growing larnb rnust rneet the require-

rnents for both rnaintenance and production, it is to be expected that

the amount of food required per gram of gain will increase according

to the increase in the size and weight of the larnb, irrespective of

its age. Also, when the ewes give only a small quantity of mi1k, its

offspring is forced to utilize other food sources. This gives the ap-

pearance of a greater efficiency for larnbs that nurse ewes that are

not high producers.

Another reason for the greater quantity of milk consurned per

unit gain in weight by larnbs reared on a high level of nutrition is the

fact that the increase in weight of suckling larnbs is rnarked by two

distinct processes, narnely, growth and fattening. Only after the

nutritional requirernents for growth, skeletal and rnuscular develop-

rnent, have been satisfied will any surplus be available for converting

into body fat, Since the amount of food required to produce one gram

of body fat is considerably higher than that required for the
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production of the sarne arnount of rnuscular growth, the arnount of

nutrients required per grarn of gain in live weight will increase as the

proportion of fat deposition to rnuscle growth increases. The.higher

milk intake per grarn of gain rnay therefore be interpreted as being

particularly due to the fact that the larnbs reared by ewes producing

large quantities of milk were in a position to prornote fattening sirnul-

taneously with growth.

Ritzrnan (56, p. Z0) has suggested that the increase in weight

of lambs is alrnost directly proportional to milk yield. The results ob

tained in the present investigation do not support this view. There is

an aPparent decrease in the efficiency of utilization of milk with an

increase in the level of milk intake, for reasons already explained.

Variations in the quality of the rnilk produced by different in-

dividual ewes and by the different breeds are not the probable causes

for the differences observed in the arnount of rnilk consurned per unit

of gain by their larnbs. This staternent is supported by the fact that

there are no significant differences in the overall percentages of the

rnilk corrlponents between breeds.

Bonsrna (11, p, 192) found highly significant (P <. 0t) correla-

tion coefficients between the rnilk intake of the larnbs and live weight

gains over four periods of lactation. The correlation coefficients de-

creased frorn 0.882 in the first period to 0.784 in the second, 0.516

in the third, and 0. 397 in the fourth period. The correlation
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indicates the all-irnportant association between rnilk intake and gain in

body weight of the larnbs, particularly during the first five weeks of

the larnbs life. The decrease in the size of this correlation as the

Iambs increase in age is no doubt due to the fact that as the larnbs

grow older they are able to consurne and assirnilate rnore food of other

types so that their growth becornes less dependent upon the rnilk

supply of their darns. This seerns to suggest that a high 1evel of rnilk

secretion during the first few weeks after larnbing is of greater irn-

portance than the persistency in rnilk secretion.

An interesting feature of the results obtained was the apparent

increase in the average arnount of rnilk consurned per grarn of gain in

live weight as the level of total rnilk intake increased. This would in-

dicate that the increase in live weight was not directly proportional to

the increase in rnilk intake. Various factors are probably responsible

for this increase in rnilk intake per pound gain in live weight, or ap-

parent decrease in the efficiency of rnilk utilization with an increase

in the total rnilk yield of ewes. It is possible that an increased 1eve1

of rnilk intake would prornote an increase in the rate of growth, lead-

ing to Iarger and heavier larnbs, with a higher rnaintenance require-

rnent at any given age than larnbs on a lower level of rnilk intake.

Also larnbs reared on a higher level of rnilk intake would be in abetter

position to prornote fattening sirnultaneously with growth. Therefore
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the lambs frorn 1ow rnilk yielding ewes would naturally be more prone

to consurne other food than those reared by good rnothers whose rnilk

supply would be more likely to satisfy their requirernents,

A cornparison of rnilk consurnption per pound of gain in live

weight, based on the first two periods only, when the larnbs were en-

tirely dependent upon rnilk provided by their dams and little or no fat

was as yet being produced indicates that the difference between levels

of milk intake does not greatly influence the efficiency of utilization.

The results obtained indicate clearly that larnbs frorn low rnilk yield-

ing ewes suffer most during the early stages of post-natal growth.

Live Weights

The highly significant differences between breeds in I00-day

weights of lambs were expected. It was obvious frorn visual appraisal

and growth records that the Willarnette and Suffolk were outstanding

in performance when cornpared with the other breeds, This is prirna-

rily a result of the selection practices and breeding prograrn that has

been carried out at Oregon State University.

Weight differences between sexes within a breed were not

found and there appeared to be no significant interaction between the

breed and sex. Bonsrna (ll, p. 85) also found that there was no dif-

ference in the relative rate of growth between rnale and fernale lambs,

Slen, CIark, and Hironaka (58) ignored the sex effect in their studies,
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because they had reason to believe that it would be srnall if present

at all.

Simple correlation coefficients were calculated between the

various live anirnal, carcass, and rnilk characteristics. The only

one that was of rnajor irnportance was the relationship between total

gain and grarns of total rnilk produced. Seventy percent of the varia-

tion in total gain is accounted for by the variation in rnilk production.

Genetic Factors

The difference between the rnilk yields of sheep of the different

breeds under sirnilar conditions seerns to indicate the irnportance of

genetic factors in rnilking ability. Bonsrna (Il, p. lB9) has shown

that the use of irnproved rnutton breeds on the low yielding Merino

sheep results in crossbred ewes with superior nursing qualities.

This is what one would expect since rnilk yield has a low to rnediurn

narrow- sense he ritability e stirnate.

In sheep, the repeatability of rnilk yield approxirnates 0. 44 fox

rnilk yield in successive lactations. If properly used, the heritability

estirnate could be a very useful genetic pararneter. It is a rneasure

of the ratio of the variance due to additive genetic causes to the total

variance. There seerns to have been very few estirnates of the her-

itability of rnilk yield in sheep reported in the literature, but those

pre sented range f rorn 30 -35 pe rcent. Since the heritability e stirnate
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for rnilk production in ewes is in the rnedium range, an irnprovernent

in the average rnilk yield of a flock would be achieved most effectively

by culling the 1ow yielders. This would at the sarne tirne ensure that

high producing ewes would be retained for breeding purposes. The

progeny testing of rarns and crossing of breeds and inbred lines

would also increase the rnilk yield in the flock.

The conditions under which this investigation was carried out

were very sirnilar to those that would be found under actual farrn-

flock managernent conditions. The ewes were fed a ration that was

capable of keeping thern in a gaining condition throughout gestation

and lactation. Mature ewes were used and their yields should be

indicative of the maximurn yields that would be obtained frorn ewes

of these breeds. The birth weights of the larnbs seerned to depend on

the size and condition of the ewes. The CoLurnbia had the heaviest

larnbs at birth, and was followed by the Willarnette, Suffolk, Dorset

Horn, and Border Cheviot in that order. The udder developrnent was

not studied in these ewes because the condition and developrnent of

the udder depends to a large extent on the plane of nutrition that the

ewe is receiving and the previous production perforrnance. The

genetic factors other than breed differences and the effects of strenu-

ous selection in the Willarnette and Suffolk for increased larnb per-

forrnance were not considered in this study.
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Colostrurn

Colostrurn sarnples are cornparable only if they are collected

at the same stage of lactation. For this reason, all sarnples used in

this study were collected I2 hours after parturition. The 12 hour

period was used to insure that each lamb received sorrle colostrurn.

If sarnples were taken imrnediately after birth it would sometirnes

take all of the colostrurn present in the udder to provide a sufficient

quantity for analyses. The early samples were less uniforrn as to

consistency than were the 1Z-hour sarnples. No atternpt was rnade to

measure the quantity of colostrurn present in the udder at any tirne

during the first four days of Iactation for the reasons rnentioned

above,

Even with these lirnitations, it is difficutrt to compare breeds

as to the quality of the colostrurn they produced. In cornparing the

results found by various investigators one is at a loss to find cornpa-

rable data primarily frorn the standpoint of the stage of lactation.

Most investigators have taken sarnples irnrnediately following parturi-

tion. Barnicoat (5) analyzed 13 sarnples for the average percent corn-

position of colostrurn frorn Rornney ewes. Our values for the Suffolk

breed were rrrore cornparable to the Rornneyls values studied by

Barnicoat (5) than were the values for the 'Willarnette, Border Cheviot,

Dorset Horn, and Colurnbia.
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Synchronization of Partu rition

The synchronization of estrus in ewes with no irnpairment to

fertility would be of value in facilitati.ng the selection of production

traits if the larnb crop is born within a few days and can be raised

under similar environrnental conditions. It is well known that injected

progesterone will prevent estrus and ovulation in the ewe and that both

estrus and ovulation will foltrow the cessation of progesterone and

oral progestogen treatrnent within a few days (1). The use of an

orally effective progesterone has the advantage of not requiring suc-

cessive injections but it rnust approach the efficiency of the injections

in producing synchronized larnbing.

In the present study 100 percent of the ewes carne into estrus

within a five day period following the cessation of Provera feeding.

An overall efficiency of 50 percent was obtained frorn ewes larnbing

frorn the rnating at the first estrus foJ.lowing the cessation of Provera

feeding. These figures for the synchronization of larnbing date are

lower than the ones reported for WilLarnette and Suffolk ewes (l).

Here it was found that the Willarnette had a greater percentage of

ewes that becarne pregnant frorn the first breeding (88 percent) than

the Suffolk (78 percent). Also l5 percent of the Willarnette andSuffolk

larnbed frorn breeding at the second estrus (1). In the present study

66.7 percent of the Border Cheviot, ZZ.Z percent of the Colurnbia,
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62.5 percent of the Suffolk, and 87.5 percent of the'Willarnette

larnbed frorn rnatings that occurred in the second estrus following the

cessation of Provera feeding. This was an overall efficiency of 50

percent.

Sixty-six percent of all ewes bred during the first estrus carne

into estrus twice and 15.6 percent carne into estrus three tirnes. The

percentage of ewes that were bred during the first estrus but carne

into heat two or three tirnes are approxirnately 3? percent higher

than that reported in the literature (l).

The data frorn the present study support the hypothesis that

oral progestogens are highly effective for synchronizing estrous

cycles. Their effectiveness in synchronizing parturition, however,

is only f.aft. It is possible that greater efficiency could be realized

in synchronizing parturition by not breeding at the first estrus fol-

lowing the cessation of the feeding of oral progestogens and breeding

all ewes at the second estrus, Data have been reported that would

support this hypothesis (1). In the present study overloading the rarn

is not the cause of rnany returns to estrus as there were only nine

ewes per rarn in each of the breeds.

Frorn the data obtained in this investigation one would have to

arrive at the conclusion that Provera is not cornpletely satisfactory

as a research tool for synchronizing parturition. There also seerns

to be a slight upset in the horrnone balance frorn orally adrninistered
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progestogens as shown by two results; the greater variation in estrous

cycle intervals and the greater nurnber of pregnant ewes showing

estrus. Thus in order to have a large percentage of ewes larnbing

within a short tirne one would have to rely upon progesterone injec-

tions.
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SUMMARY AND CONCLUSIONS

Frorn the results of the present study the following conclusions

appear warranted,

l. During the first eight weeks of lactation the breeds studied had

produced T4percent of their total rnilk yield and by the tenth

week they had produced 87 percent.

Z. The breeds ranked frorn highest to lowest as follows on the

basis of rnilk yield and rnilk quality: Suffolk, Willarnette,

Dorset Horn, Border Cheviot, and Colurnbia. The latter two

were approxirnately equal.

3, Ewes nursing twin larnbs produced 25 percent rrlore rnilk than

ewes nursing single larnbs.

4. The peak of rnilk production occurred during the second period

of lactation.

5, The average grarns of rnilk produced per day for ewes nursing

single and twin larnbs by breed is as follows: Border Cheviot,

single l, 015, twin l, 669; Dorset Horn, single L, 617, twin

L,778; Colurnbia, single 1,366, twin 1, 684; Suffolk, single

l, 527, twin 2, 287 ar.d Willarnette, single l, 552, twin 1,95I.

6. The breeds are ranked as follows according to the quality of

colostrurnr when rneasured by percentage cornposition: Suffolk,

Willarnette, Border Cheviot, Dorset Horn, and Colurnbia.
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7.

8.

9.

10.

I l.

tz.

t3.

There were no significant differences (P >.05) between any of

the breeds for the percentage of the milk cornponents studied.

A set of twins gained on the average 40,7 percent rnore than a

single larnb.

The lVillarnette had the highest average daily gain for single

larnbs and was followed in order by the Suffolk, Colurnbia,

Dorset Horn, and Border Cheviot. tr'or twin larnbs the

Willarnette was again highest, and the Suffolk, Dorset Horn,

Border Cheviot, and Colurnbia breeds followed in that order.

Single larnbs gained 15.7 percent rnore weight than the average

larnb for a set of twins.

The average grarns of rnilk required to produce one grarn of

gain is as follows for single and twin lambs: Border Cheviot,

single 3,964, twin 3. 455; Dorset Horn, single 5,472, twin

3. 4?4; Colurnbia, single 4. 406, twin 3 .716; Suffolk single

4,326, twin 3.882, and'Willarnette, single 4, 193, twin 3,ll4,

The breeds having the greatest rnonetary return were: Suffo1k,

'WilIarnette, Colurnbia, Dorset Horn, and Border Cheviot,

re spectively.

The average lZO-day weight by breed was: Border Cheviot

72.3 pounds, Dorset Horn 78. I pounds, Colurnbia 86.9 pounds,

Suffolk 94. Z pounds, and Willarnette 100. 2 pounds. The larnbs

in the Willarnette and Suffolk breeds were by far the rnost rapid
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in rate of growth.

The quantity of rnilk required to produce larnbs of a given weight

based on the average efficiencies of grorvth and average daily

gain for each of the five breeds studied was postulated. It was

found that the Border cheviot does not yield enough rnilk in 120

days to raise one 70 pound larnb. The other four breeds rnet

their requirernent quite easily. For twins only the Suffolk and

Willarnette produce enough rnilk in lZ0 days to raise a set of

twins averaging 70 pounds per larnb. The Colurnbia, Suffolk,

and'willamette breeds produce enough rnilk to raise one larnb

to 80 pounds, however, only the 'Willarnette produce enough

rnilk to raise a set of twins to 80 pounds. Both the Suffolk and

willarnette produce enough rnilk to raise 90 pound single larnbs.

None of the breeds produced enough rnilk to ave rage )0 pound

twin larnbs or 100 pound singles or twins.

A large portion of the nutrients required for larnb growth and

fattening rnust be supplied by foods other than rnilk.

Highly significant differences in live anirnal weights were found

to exist between the breeds of sheep at 100 days of age.

w'eight differences between sexes within a breed were not found

significant, and there appeared to be no significant interaction

between breed and sex.

A sirnple correlation coefficient of 0.84 for total gain and total

15.

16.

t7.

18.
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grarns of rnilk produced was highly significant (P <. 0l).

Seventy percent of the variation in the total gain is accounted

for by the variation in total rnilk yieid,

It is postulated that the larnb's weight at ten weeks of age would

be a better criterion by which to cull low producing ewes and

for the selection of replacernent fernales and males than is the

weaning weight or 120-day weight.

The carcasses that rated the highest on tenderness and corn-

posite preference scores as deterrnined by organoleptic tests

were: Colurnbia, 'V/illamette, Dorset Horn, Border Cheviot,

and Suffolk, re spe ctively.

The conforrnation score, cornposite preference score, tender-

ness score, and the percentage of protein, solids-not-fat, and

rnilk fat, and the total days nursed were not affected by the

breed, sex or rearing of the larnbs studied. Only condition

score and weight of the larnbs were affected by breed. The

total gain of the larnbs was affected by the quantity of rnilk and

the rnilk coryrponents produced by their darns.

Purified Oxytocic Principle proved to be very successful in

allowing rernoval of all available rnilk f rorn the udder. Thus,

it was established as a very useful and accurate research tool

for studies of this type.
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23. The oral progestogen rrProvera, is only 50 percent effective

in synchronizing the tirne of parturition.
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Appendix Table 1. Average grams of milk protein produced per evve per dey by various brceds of
sheep over seven periods of lactation.

Braeds I 2 67 Averaoe

For ewes nursins single lambs

Border Cheviot
Dorset Hora
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Hom
Columbia
Suffolk
Willamette

88.9 61.8
83.0 88. 2
91.7 73.8
93.4 90.3

109.6 100.6

tos.7 104.7
131. O 105.4
11s.6 10s.9
1s4.9 138.7
159.4 110.8

67.6
98.9
84. L

94.6
1O2.2

56.4
85.0
69.3
85.4
81.3

48,1
84.7
s6.4
79.4
74,6

85. 3

76. t
83.6

110.6
76.7

36. 1

59.0
42.8
71.9
62.4

s9.8
66.4
44,3
90.8
75.7

34.0 58.4
53.0 81.3
41,2 69,4
62.2 84.1
49.8 86.4

For ewes nursing twin lambs

100. 8

113.3
73.4

135.9
136.2

83. 3
1o4.7
87.2

122,9
90.0

58.9 87.8
53.2 96.5
22.O 84.6
74,1 125.4
68.7 105.0

Appendix Table 2. Average grams of milk lactose + ash prcduced per ewe per day by various breeds

of sheep over seven periods of lrctation.

Average

For ewes nursing single Lambs

Border Cheviot
Dorset Hora
Columbia
Suffolk
Willamette

Border Cheviot
Doset Horn
Columbia
Suffolk
Willamette

82.9 54.3
101.1 1t6.4
101.8 76.4
9s.0 96.1
L1.2.2 97 . I

111.0 104.7
134.5 1LO.7

129.7 115.4
176.8 158.6
171.7 LL6.O

For ewes nursi:le twin lambs

60.8
Llt.4
90.2
87.4
87.3

52. O

86.2
76,4
89.7
88.8

83.2
100.2
83.6

134.8
99.2

59.1
89.0
64.5
83.2
73.3

34.9
61. L

42.7
69. 3
59.5

54.2
61,7
38.6
8s.4
75.2

34,6
52. 1

42. t
54.4
45.2

50.7
48.3
63. s
67.8
7t,9

53.8
92.4
75.O
84.3
83.7

98. 8

tt8.2
71.2

Ltg. t
115.8

86. 8
75.6
87.9

1o7.3
83.4

87.O
97,O
89.3

130.2
1O7.2
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Appendix Table 3. Average grams of milk solids-not-fat produced per ewe per day by various breeds
of sheep over seven periods of lactation.

Periods

Averase

Fqlelqc!_uursilxe siagle lambs

Border Cheviot
Dorset Honr
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horu
Columbia
Suffolk
Willamette

171.9 tL6.t
184.1 204.6
193.4 150.2
188.4 t86.4
221.8 197,7

216.7 208.9
265.5 216.1.

245.3 22t.3
331.7 297.4
33t,1 226.7

Fo_LetUes nutsing twio hr4b!

93.0 7L.O
173.8 120.1

124.9 85.5
162.6 141.3
147.9 121.9

172.1 174.0
tsl.7 128.0
171..5 82.9
21.7.2 176.2
160.1 150.9

68.6 t12.2
105.1 t73.7
83.3 t44.3

116.6 168.5
95" 0 t70.1

109.6 174.8
101. 5 193.5
8s. s 173.9

142.0 255.6
t40.6 212.2

128.4
?to.4
174.3
182.0
189.5

199.6
2?1.5
144.7
255.0
252.O

108.4
171.2
145.7
t75. t
170. L

166.5
201.9
170.8
257,6
189.2

Appendix Table 4. Average grams of milk fat produced per ewe per day by various breeds over seven
periods of lactation

2Z Averase

For ewes ouninq !irgls_i!!@bl

Bor&r Cheviot
Dorset Hom
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

1.31..4 97.4
164.5 148.1.

150.9 120.8
129,3 1.25,4

142.4 136.2

183.4 1.64.3

217.4 157.4
t46.2 160.8
214.6 t94.6
297.8 182.4

For ewe s 4uls:Lgg_lLw:!nr_!4n0b r

67.3 s7,s
120.0 94.4
100.4 73.8
119.4 106.5
95.9 83.5

1.22,7 103.0
t16.4 L@.2
113. 8 77,3
148.5 127.9
118.5 122.8

46.8 88.5
86.2 t34;3
66.9 lL4;O
88.8 121.3
64.5 119.8

77,4 153.1
89.2 153.7
70.3 134.8

1L7.9 179.3
to4.9 t76.3

111.8
172.O
128.2
138. 1

160.0

79.4
t24.3
tLs.7
124. L

116.5

1tr6.8
148.2
tt7.1
178.9
138. 8

252.2
205.4
155. 1

207.O
234.9



I03

Appendix rabre 5' 
il"i::;s;H;i,:l[::11:::0"""0 

Per ewe per dav bv various brceds of sheep

Periods

Breeds Averaoe

For ewes nursing qr_qgle_lanqbr

Border Cheviot
Dorset Hora
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Hom
Columbia
Suffolk
Willamette

240.2
382.4
302.5
320. L

349.4

451. 8
436.9
?99.8
462.O
486.9

303.3
348.7
344.4
317.6
364,2

400. 1

483.0
425.8
546.2
629.0

2L3.6
352.6
27t.O
311.8
333.9

187.8
295.5
261.4
299.2
286.6

283. 3

353. 1

287.9
436.6
328.0

160.3
293.8
221.3
282.O
243.7

294.8
268.0
28s. 3

366.4
278.6

128.5
214.s
159.3
248.O
205.4

217.O
228.3
160.2
3U.r
273.7

115.4 200.8
t91.3 308.0
150.2 2s8.4
205.4 289.8
159. s 289.9

For ewqs nursing twiq lambs

373.2
373.6
382.1
492.O
@.t

t87.O 327.9
190.6 347.2
155.9 308.7
259.9 434.9
245.5 388.5

Appendix Table 6. Average grams of water produced per ewe pe! day by various breeds of sheep

over seven periods of lactation.

Periods

Breeds Averaqe

For ewes nursing sinqle larnb.6

Border Cheviot
Dorset Honr
Columbia
Suffolk
Willamette

977.3
lr74t .7
1,371.5
1, 364.0
L,562.7

t,263.4 874.6
L,474.2 L,57L.2
1,583.3 L,tLA.7
t,465.9 1,359.7
t,675.7 L,396.5

1, 655. 1 1, 565. O

2,Ol3.O 1,637.6
t,9&.1 t,75t.o
2rffi.2 2,223.3
2,455.0 1, 640. 1

765.4 6s2.4
t, tu.1 1, 285. 8
L,@6.6 884.2
t,292.t L,179.3
L,230,2 1,055.0

For ewes ru.usingtwin le4qbs

453.5 815.7
62L.9 1,309.1
583. 5 L,1O7.2
787.4 t,237.5
646.6 1,262.1

484. I
834.3
627. L

980. O
85s.6

Border Cheviot 1,677.4
Dorset Horn tr845.4
Columbia t, ?2t.1.
Suffolk L,778,8
Willamette L,97O.9

L,287.7 t,28Z.O
1,M8.4 L,LOz.6
L,279.5 1,340.9
1.,870.2 1,607.5
L,393.0 1, 160.0

829.4 739.8 1,340.7
840.0 596.6 1,430.6
495.0 576.9 t,374.9

t,23O.9 1, 016.2 1,851.8
1,089.9 987,1. tr562.7
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Appendix T able 7 . Percentage of protein in &e milk of varicus breeds of sheep by periods.

Avprase

For ewes u,lrsing sirlgle la

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

5.92 5.90
5.36 5.62
5.10 5.44
s.43 5.86
5.74 5.88

5. 55

4.66
s.02
5.62
5. 35

4.74
4.96
4.53
6.07
5.54

5.68
4.56
4.76
5.23
5.37

5.68
4.59
s.33
5.40
5. 81

5.92
5.75
5. 10

5.37
5.36

5. 30

s.75
5.56
5. 33

5.23

5.98
6.52
5.62
6.27
6.18

s.75
5.02
s.08
5.51
5.57

5.26
s.43
s.02
5.48
5.38

For eUqlLqqsing_fillin hmb_q

5.14
5.25
4.88
5.24
5. t7

s. 38

5.24
4.97
s. 11

5.50

6. 36

6.75
3.00
s. 81

5.57

5.41 5.71
5.55 6.2t
5.t4 6.76
5.60 5.92
5.33 5.55

Appendix Table 8. Percentage of lactose + ash in tJre milk of various breeds of sheep by periods.

Averace

For ewes uursfurg !!!!gIe Ilngbr

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

s. s2 s.70
s.64 s.83
s.83 5.43
5.69 5.65
5.64 s.61

5.00
5.25
5.39
5.19
4. s6

4.64
s. 18

4.40
5. 32

4.7t

5,29
5.55
5.28
s.33
5.50

4.99
6.05
5. 51

s. 75

5.61

5.40
5.51
s.4L
s.84
5.76

5.45
s.82
5.63
5.64
s. 86

s.30
5.50
s.34
5.84
s.76

6.07
6.41
5.73
s.48
5.60

5.30
5.72
5.49

. 5.52
s.39

5.22
s.45
5. 31

5.70
5.50

For ewes ngrsjing_..1!4dr: !crq,b-q

s.40
s.39
5.47
5.98
5.57

5.47
6. t4
8.66
5. 32

s. 83

5.51 5. 18

5.52 5.77
s.41 5.89
s.4 5.56
5. 80 5.52
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Appen&x Table 9. Percentage of solids-not-fat in the milk of various brceds of sheep by periods.

Averaqe

For ewes nursing sinqle lambs

Border Cheviot
Dorset Horn
Columbic
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbie
Suffolk
Willamette

LO.97 LO.67
10.10 LO.64

10.03 10.84
10.56 11. 15

LO.87 L1..42

10.54 10.78
to.64 10.75
10.35 tO.37
11.22 10.95
10.74 1.1..26

For ewes nursing twin lambs

11.44 11.59
11.00 11.45
10.94 10.88
Lt.Lz 11.50
11.38 tt.49

10.91 10.89
tt.o7 11.98
10.55 12.65
t1.1.7 11..48

tt.t3 tt.o7

10.55
9.90

10.41
10.81
9.9t

11.37
11.57
1o.73
1f.00
|t.22

10.60
tt.25
10.90
tt. t7
10.99

t2.06
12.93
11. 35

tt.74
11.78

11.83
12,89
tr,.67
tl.t2
11.40

11. 04
1o.74
to.57
11.03
10.96

10.48
10.88
10.33
11.18
10.88

9.37
10. 14

8.9 3

11.38
10.25

Appen&x Table 10. Percentage of fat in the milk of various breeds of sheep by period.

For ewes nursiag twi4 larqb!

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Honc
Columbia
Suffolk
Willamette

8.39 8.96
9.03 7.70
7.83 8.72
7.25 7.50
6.98 7.87

8.92 8.48
8.71 7.83
6.17 7.54
7.26 7.17
9.66 9.06

For ewes nursing twin lambs

9.18
8. 10

7.66
8.20
8.36

8,34
8.40
8. 52

7.80
7.68

7.43
8. 14

7.47
7.76
8.07

8.28
7.60
9.08
8. L7

7.38

9. 38

9.4
9.38
8.69
7.87

9,84
9. 38

11. 80

8. 33

9.00

8.23
10.60
9.12
8.94
8.00

8. 36

11.33
9.60
9.24
8.51

8.7L
8.31
8.35
7.94
7.72

9. 18

8.65
8.00
7.84
9.03

11.84
9. O0

9.57
9.24
9.56

7.78
8.49
7.OO

7,52
8.24
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Appendix Table 11. Percentage of total solids in the milk of various brceds of sheep by periods.

Periods

Breeds 6 7 Averase

For ewes au$ins single l3lnb-q

Border Cheviot
Dorset Hom
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
WilLamette

t9.73
18.00
18.07
19.01
18.28

19.36
19. L3

17.86
17.8t
17.85

19.62
18.33
19. s6
18.65
19.29

f9.70
19.97
t9,2s
18.80
18. 89

18. 03

19, 38

18,37
18.93
19.06

19.72
18.60
20.02
19. 30

18.77

20.98
20.45
20.26
20. t9
19.36

20.73
21.37
24.4s
19. 81

20.07

20.29
23.53
20.47
20.69
19.79

19.75
19,05
18.92
18.97
18.68

19.65
19. 53

18.34
t9.o2
19.91

Fo r e-lug!,_RuDing_tr^r!p]ar4b_l

21.22
19.t4
18. s0
20.62
t9,8t

19.47
19. 35

17.97
18.48
20.39

19.26
18.57
17.91
18. t2
20.32

18.69
19.55
17.54
18.56
t9,37

20.18
24.22
21.27
20.37
t9.92

Appendix Table 12. Percentage of water in the milk of various breeds of sheep by periods.

Periods
Breeds Averaqe

For ewes nursing_lingle-lanqE

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

80.27
82.@
81.93
80.99
8L.72

78.78
80.86
81. s0
79,38
80. 19

80.64
80.87
82.t4
82. t9
82. 15

80. s3
80.65
82. 03

81.52
79.61

80.38
81.67
80.44
81.35
80.7t

80.30
80. 03

80. 75

81.20
81.11

8t.97
80.62
81.63
81.07
80.94

80. 28

81.40
79.98
80.70
81.23

79.02
79.55
79.74
79.81
80.64

79.27
78.62
75.55
80. 19

79,93

79.7 t
76.47
79. s3
79.3t
80.21

79.82
75.78
78.73
79,63
80. 08

80.25
80.95
81.08
80.03
8t.32

80.35
80.47
81.66
80.98
80.09

For ewes nursing l5nr:ln-ler:nbr

80.74
81. 43

82.09
81.88
79.68

81.31
80.45
82.46
81.46
80.63
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Appendix Table 13. Grams of milk protein required to produce one gram of gain for various breeds
of sheep over seven periods of lactation.

Periods

Breeds t 2 3 Averaqe

Border Cheviot
Dorset Hom
Columbia
Suffolk
Wlllamette

Border Cheviot
Dorset Honr
Columbia
Suffolk
Willamette

0. 361

0.582
o.466
o.479
0.485

0. 395

0. 308

o.243
o.475
0.554

0,406
0.340
0.326
0.301
o.292

o.252
0.300
o.266
o.239
0.268

o.243
o.228
o.243
0.268
o.228

0.352
o.376
0.365
o.264
0.350

Single lambs

0.276 0.2t2
0.3s0 0.291
0.223 0.158
0.277 0.237
0.237 0.194

Twin lembs

0.190
o.231
o.234
0.205
0. 156

0.164
o.124
0.119
0. 160

0.101

0.062 0.228
0.082 0.275
0.063 0.224
0.087 0.238
0.061 0.233

0.057 0.182
0.049 0. 186

0.023 0.187
0.065 0.2t3
o.oss o. 168

o. Ll4
0. 166

o.122
o.171
o. t75

0.084
0.108
0.10s
a.t23
0.085

Appendix Table 14. Grams of milk lactose + ash required to produce one gram of gain for various
breeds of sheep over seven periods of lactation.

Periods

Breeds Averase

Border Cheviot
Dorset Honr
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Hom
Columbia
Suffolk
Willamette

0.325
0.655
0.500
o.M2
o.414

o.387
o,32L
o.236
4.4t6
0.399

o.378
o.414
o.?62
0.307
o,298

0.370
0.386
0.409
0.301
o.377

o.221
0.395
o.27s
o.254
0.2s8

o.244
o.239
0.26s
0.306
o.239

0. 198

0.305
0. 181

0.248
0.190

0.110
o. t7t
o.122
o.164
0. 166

0.076
0. 100

o.@2
0.116
0.084

Sinele lambs

0.2ss
0.355
o.246
o.291
0.259

Twin lambs

0. 190

o,221
o.224
0.225
o.172

0. 168

o.123
0. 125

0. 155

0. 110

0.063 0.210
0.080 0.313
0.064 0.242
0.076 0.239
0.055 0.226

0.049 0. 180

o,M4 0. 187

0.065 0.197
0.059 0.221
0.057 0.t7t
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Appendix Table 15. Grams of milk solids-uot-fat required to produce one gram of gain for various

breeds of sheep over seven periods of lactation.

Periods

Breeds Averaqe

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

o.687
t.237
0.966
o.92t
0.899

o.782
0.630
o.478
0.891
O;867

o.784
0.753
0.688
0.608
0.590

o.721
o.762
o.774
0.564
o.727

o.473
0.695
0.541
0.493
0.526

0.410
0.596
0.339
0.486
0. 384

o.332
o.246
o.243
0. 314

0.210

o.224
o.337
o.243
0.33s
0. 341

0.160
0.208
o. t97
0.238
0.100

o.487
o.N7
0.509
o.574
0.466

Sinsle lambs

0.531
o.7u
o.470
0.569
0.495

Twin lambs

0.381
0,452
0.458
0,430
0.329

o.124 0.438
0. 162 0.588
o.t27 0.466
0.164 0.477
0. 116 0.460

0.106 0.362
0. @4 0.373
0.088 0.384
0.1.24 0.434
0.1,,2 0. 339

Appendix Table 16. Grams of milk fat required to produce one grem of gain for varior:sbreeds of
sheep orrcr seven periods of lactatiou.

Periods

Breeds Averase

Border Cheviot
Dorset Hor:r
Columbia
Suffolk
Wlllamette

Border Chevlot
Doset Hom
Columbia
Suffolk
Vrlillamette

Sinsle larnbE

0.389
0.512
o.373
0.403
0.339

Twin lambs

o.267
o.327
o.314
o.299
o.241

0.08s 0.34s
0. 133 0.455
0.102 0.368
0.12s o.34
o.o79 0.324

0.075 0,317
0.082 0.296
o.o72 0.298
0.103 0.304
0.084 0,281

0. s98
t.otz
0.710
0.699
0.759

0.988
0.558
0.513
o.723
0.808

0.599
o.673
0. s37
o.417
o.378

0.610
o.624
o.461
0.365
0.654

o.397
0.503
0.435
0.332
o.362

0.383
0.340
o.370
o.375
0.375

0,297
o,412
o.282
0.357
o.249

0. 181

0.265
0.210
0.2s3
o.234

o.144
0. 163

0.184
o. t73
0. 138

o.237
0. 189

o. t62
o,214
0.1s6
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Appendix Teble L7. Grams of milk solids required to produce one gram of gain for various breeds of
sheep over seven periods of lactation.

Braads12345 Awerase

Border Cheviot
Dorset Hom
Columbia
Suffolk
Willamette

Border Cheviot
Dorset Horn
Columbia
Suffolk
Willamette

1.284
2.248
1.676
1.620
1.658

1.77t
1. 188

0.991
t,614
t.675

1,384
1.426
t.226
1.025
0.968

1.331
1. 386

1,343
o.929
1.381

0.870
L. t97
o.976
0.825
0.888

0,707
1.008
o.62t
o.u2
0.633

0. s69

0.435
0.405
0.529
0.366

o.4M
o.602
0.4s3
0.588
0.575

o,3@
o.371
0.380
0.41 1

o.307

0.869
0.807
0.878
o.949
o.842

Sinsle lambs

o.920
1.216
0.843
0.972
0.834

Twin lambs

0.648
o.778
o.773
o.728
0.570

0.209 0,783
0.295 t.U2
0.229 0.833
0.288 0.82t
o.194 0.783

0.180 0.679
o, t76 0, 669

0. 160 0.681
0.228 0.738
0. 195 0.620

Appendix Table 18. Grams of milk water required to produce one gram of gain for various breeds of
sheep over seven periods of lactation.

Periods

Breeds Averace

Border Cheviot
Dorset Horn
Columbia
SuffoIk
Willamette

5;227
1O.240
7.600
6,904
7.414

6,574
5.018
4.369
6.213
6.781

5,764
6.030
s.635
4.729
4.455

5.508
5.778
6.132
4.098
s. 392

3. 563

s. 334

4,O14
3.597
3.716

3.646
3. s38

4.O24
4.289
3. 301

2.876
4.410
2.481
3,s22
2.741

2.473
t.791
1.903
2.320
1.524

1.523
2.34t
1.784
2.326
2.394

1. L64
1.365
L.175
1,665
t.224

Sinele lamlq

3.7s0
4.873
3.536
4,198
3.582

Twin lambs

2,944
3,237
3.434
3.t20
2.422

0.821 3. 181

0.960 4.430
0.889 3.572
1.105 3.506
0.788 3.4@

0.714 2.776
0.550 2.755
0.594 3.035
0,890 3.t4
0.786 2,494

Border Cheyiot
Dorset Horn
Columbia
Suffolk
Willamette




