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Grazing Sheep and Cattle on Su6clover Pastures

T. E. BEDELL

What is the potential for producing
sheep and cattle on western Oregon
hill lands ? Since the introduction of
subclover, a remarkable annual legume,
many livestock operators have become
interested in the degree of use that this
species will take and remain produc-

> tive. Subclover furnishes much high
quality forage when properly fertilized
and inoculated. It is palatable and nu-
tritious in both the green and dry state
as well as compatible with several de-
sirable introduced perennial grasses. It
does lack winter growth, but so do most
forage species.

Forage preferences

Grazing work has been carried out at
Oregon State University since 1964 on
pastures consisting of subclover mixed
with either perennial ryegrass or Alta
tall fescue. The early studies were de-
signed to determine forage preferences
of cattle and sheep over the spring-
summer grazing period. Cattle pre-

, f erred grass throughout the season
under light and heavy grazing pressure
on both pasture mixtures. Sheep, on the
other hand, consumed a high percent-
age of subclover during the green sea-
son on both pasture mixtures. In the
dry period, sheep preferred clover on
ryegrass-clover but turned to the green
leaves of tall fescue in the fescue-clover
mixture.

J. 
Because of the different preference

patterns exhibited by cattle and sheep,
a three-year grazing experiment was

T. E. BEDELL is Assistant Professor of
Range Management, Oregon State Univer-
sity, Corvallis.

initiated in 1967 to investigate dual or
common-use grazing on both pasture
mixtures. Several ratios of steers to
sheep are being used along with single
classes of stock. Tall fescue-clover is
not grazed by sheep alone, as the earlier
work showed this to be less productive
and also detrimental to the pasture mix-
ture. The major objective of the pres-
ent work revolves around assessing
flexibility of management on both pas-
ture mixtures. It is important to know
what happens to the forage species in a
pasture when grazed differently, as well
as to know the magnitude of animal re-
sponses.

Procedure

Grazing combinations are based on
animal unit equivalents, i.e., steer-sheep
ratios are on an animal unit base. Each
pasture is stocked with the allotted
number of animals in late March-early
April, and these animals remain on the
same pastures until removed in August.
Stocking rate is heavy enough to assure
removal of most of the plant material
by the end of the season while still
maintaining a constant rate among the
several pastures. Stocking rate on tall
fescue-clover is purposely set at ap-
proximately 10% above ryegrass-clover
to maintain a comparable grazing pres-
sure on both mixtures. Tall fescue will
produce some 10 to 15% more forage
than ryegrass over a growing season in
these pastures.

In 1967 and 1968, yearling Here-
ford steers , initially weighing approxi-
mately 480 pounds, were grazed. Ewes
with twins from the OSU Hill Pasture
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flock were used in the trial. Cattle were
weighed at monthly intervals, whereas
sheep weights were taken monthly and
later bi-weekly prior to the weaning of
the lambs.

Grazing treatments were as follows
in 1968: ryegrass-clover—sheep only,
cattle only, steers to sheep at 1:1, 1:2,
and 2:1 ; tall fescue-clover had no dual
use at 2:1 or a cattle-only treatment,
and fescue dual use was at 2:1 and 1:1.

Pasture composition and amount of
forage available was estimated period-
ically. Dietary samples were also col-
lected from esophageal-fistulated cattle
and sheep at approximately bi-weekly
intervals. Crude protein content and
estimated dry-matter digestibility were
determined for selected samples.

Animal performance
Growing conditions in 1968 differed

from those of 1967. More total forage
production was expected and observed
in 1968 because of late spring rains
following a mild winter. Thus, stocking
rate was heavier in 1968 (Table 1).
Approximately 10% more grazing was
obtained from tall fescue than from

perennial ryegrass pastures in both
years. Also, from 51 to 55 animal unit
days more grazing per acre was ob-
tained on ryegrass and fescue, respec-
tively, in 1968 over 1967. Average use
for perennial ryegrass-clover and tall
fescue-clover in 1967 was 206 and 226
animal unit days per acre, respectively;
in 1968, comparable figures were 257
and 281.

Data on animal gains in 1967 and
1968 are presented in Table 2. Al-
though lambs in 1967 gained slightly
better than in 1968, total lamb gain per
acre was greater in 1968 because of a
heavier stocking rate and a longer sea-
son. Achievement of early market finish
on lambs is quite important. Little dif-
ference could be seen between treat-
ments in 1967, but the poorest treat-
ments in 1968 were sheep only on rye-
grass and the dual use 11:2 treatment
on tall fescue. In all other treatments,
75 to 90% of the lambs reached market
finish by early July. High stocking
rates in 1968 likely caused the differ-
ences. Milk production by the ewes
probably tapered off more rapidly in
the poor treatments. Lamb perform-

TABLE 1. Animal grazing use on tall fescue-subclover and perennial ryegrass-subclover pastures,
1967 and 1968

1967 1968

Sheep Cattle Total Sheep Cattle Total

AUD/A 1 AUD/A AUD/A AUD/A AUD/A AUD/A

Tall fescue:
Cattle only 	 219 219 271 25 296
2:1	 (2i:1)	 	 156 85 241 166 109 275
1:1	 (11:2)	 	 109 109 219 118 154 272

Perennial ryegrass:
Sheep only 	 196 196 240 240
Cattle only 	 234 60 294
1:1	 	 108 108 216 116 151 267
1:2	 	 62 145 207 66 166 232
2:1	 	 151 103 254

Animal unit days per acre.

I
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TABLE 2.	 Animal gains per day and per acre on tall fescue-subclover and perennial ryegrass-sub-
clover pastures, 1967 and 1968

1967 1968

1967 1968Steers Lambs Steers Lambs

Lb./day Lb./day Lb./day Lb./day Lb./A Lb./A
Fescue-clover:

Cattle only .... 2.45 1.94 573 767
2:1	 (21:1)	 __.. 1.91 .70 2.12 .66 590 741
1:1	 (l2:2)	 .... 1.95 .64 1.96 .56 614 673

Ryegrass-clover:
Sheep only 	 .65 .53 606 531
Cattle only	 .... 1.59 613
1:1	 	 1.53 .75 1.60 .62 503 569
1:2	 	 2.04 .75 2.29 .68 546 657
2:1	 	 1.96 .62 690

ance, however, was relatively good on
the dual use ryegrass pastures and on
fescue at 24:1 (Table 2).

Cattle gains on both fescue and rye-
grass averaged about 24 pounds per day
through June 1968. However, during
July and August, average daily gains
on ryegrass fell to 1 pound as compared
to 11 pounds for tall fescue . Over the
season in both years, cattle on tall fes-
cue gained approximately 1/6 pound
more per head per day.

Some sheep grazing was used on
cattle-only pastures in 1968 because
sheep stocking became too heavy on
sheep-only ryegrass and dual-use fes-
cue at 11:2 (Table 1). These lamb
gains were added to the 1968 gains per
acre for cattle only (Table 2). Gains
per acre on fescue exceeded those on
ryegrass by 7% in 1967 and 19% in
1968. These increases can be attributed
to a heavier stocking rate as well as
better steer gains during the summer
on fescue.

Differences that were noted in per
acre gains among treatments between
years should be clarified by 1969 re-
sults. At the higher stocking rate in
1968, fescue grazed either by cattle
only or high cattle-low sheep can be

recommended over approximate equal
stocking by cattle and sheep. For rye-
grass in 1968, all dual-use treatments
gave more total gain than single use by
sheep. The best treatments were either
high cattle-low sheep or vice versa.

Effects of grazing on forage species
composition

Seasonal differences in species com-
position occurred both among grazing
treatments and between years. Sub-
clover made up a higher proportion of
available forage in 1967 than in 1968.
Percentage of annual grasses as well
as perennial grasses (tall fescue and
perennial ryegrass) varied in both
years as influenced by the respective
grazing regimes.

In the tall fescue pastures (1967),
cattle grazing alone promoted a sub-
clover increase of from 40% early in
the season to between 50 and 60% late
in the season. Under 1967 dual use,
clover declined from 40 to 25% on the
2:1 pastures and from 40 to below 20%
on the 1:1 pastures. Thus, sheep con-
tributed greatly to reduction in clover,
while cattle by themselves actually in-
creased clover relative to grasses. In
1968, the least clover was found with
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dual use at the 4:2 ratio. Clover de-
clined to 5% by season's end on the
1:2, but it declined to only 14 and
17% in dual use at 1 and cattle-only
pastures, respectively. Clover would
have made up a greater contribution in
the cattle-only pastures, but ewes were
moved onto cattle pastures for a two-
to three-week period in early June,
thus reducing the clover composition.

Both sheep and cattle consumed rela-
tively greater amounts of subclover in
the spring of 1967 than in the spring of
1968. During summer, comparisons be-
tween years were similar, with both
sheep and cattle eating a high percent-
age of tall fescue. The single exception
was steers alone on fescue in 1967 when
clover availability was about 60% and
cattle diets included from 50 to 60%
clover in late July-early August.

Sheep grazing alone on ryegrass pas-
tures retained clover at 30 to 35% in
the available forage through June 1967,
after which it decreased to 10 to 15%.
In 1968, clover in the forage declined
from 40 to less than 10% by late July
as a result of early clover preferences
by sheep. Stocking pressure was greater
in 1968 and, although sheep did not pre-
fer as much clover in their diets later in
the season, early preferences combined
with heavy stocking kept the clover at a
low level.

Grazing by cattle only on ryegrass in
1968 resulted in a clover increase until
June and then a decline to approxi-
mately 20%, much above the sheep-only
pastures. Cattle diets were predomi-
nantly perennial ryegrass (80%).

The two dual-use treatments on rye-
grass clover in 1967 (1:1 and 1:2) re-
sulted in very similar clover content of
forage. Clover increased to 50 to 55%
by early June and then declined to ap-
proximately 35% by season's end. Al-
though cattle preferred ryegrass, their

diets did contain almost one-half clover
in May and early June. During the
summer of 1967, cattle dietary clover
ranged between 5 and 25%. Sheep
nearly always preferred a high percent-
age of subclover, above 80% most of
the season. In 1968, effects were differ-
ent among some treatments. For exam-
ple, clover content under both high
cattle-low sheep and low sheep-high
cattle (2:1, 1:2) was not much dif-
ferent over the season, although it
remained higher on the 2:1 later into
the season. On the 1:1 treatment, clover
composition was never high and only
contributed 10% of the available for-
age during the dry summer, about the
same as the sheep-only treatment. Thus,
in two of three dual-use ryegrass pas-
tures, clover content was somewhat
greater than when grazed by sheep
alone. In these same treatments, animal
performance was higher in 1968 (Table
2). Percent subclover in the stand
seemed to be associated with total ani-
mal performance on a per acre as well
as a per animal basis.

Dietary nutritive value

Crude protein analysis of dietary
samples shows that sheep for the most
part selected diets containing more
crude protein than did cattle (Table 3).
Also, both cattle and sheep diets con-
tained more crude protein than avail-
able forage (Tables 3 and 4).

Cattle and sheep values are similar
early in the season, but by August of
both years, sheep had selected diets
containing more protein than the selec-
tions of the cattle. On the whole, die-
tary values of crude protein on rye-
grass exceeded those on tall fescue in
1967. Data for 1968 generally showed
no strong differences, except for sheep
dietary protein values on the 2:1 and
1:1 fescue treatments in 1968. Lambs
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TABLE 3. Percent crude protein in diets of sheep and cattle, 1967 and 1968 (organic matter basis)

1967 1968

April June Aug. April June Aug.

Ryegrass-clover:
Sheep—single use 22 18 14 22 22 13
Sheep—dual use 	 24 16 14
Cattle—dual use 	 22 14 10 25 9

Fescue-clover:
Sheep—dual use

(2:1)	 	 19 18 11 26 20 18
Sheep—dual use

(1:1)	 	 23 17 14
Cattle—single use 22 14 11 18 10
Cattle—dual use 	 19 14 8

TABLE 4. Percent crude protein (organic matter basis) of perennial ryegrass-subclover and tall fescue-
subclover forage available to grazing cattle and sheep, 1967 and 1968

1967 1968

April June Aug. April June Aug.

Ryegrass-clover:
Sheep only 	 17 11 5 21 17 9
Dual use-1:1 	 19 13 7 23 18 13

—1:2 	 18 13 6 18 17 10
—2:1 	 20 15 10

Cattle only 	 19 12 12
Fescue-clover:

Cattle only 	 21 13 10 18 14 10
Dual use-2:1 	 17 10 5 19 15 12

—1:1	 ...____. 16 10 4 14 12 7

performed poorly on the 1:1 pasture
because subclover was decreased due to
sheep preference and numbers and pos-
sibly because of the 3 to 4% lower pro-, tein diet. Although no experimental
data are available, forage intake by
sheep may well have been less on the
1:1 than on the 2:1 fescue pastures, as
evidenced by both lower dietary pro-
tein values and lamb gains.

Available forage crude protein values
(Table 4) were not greatly different
within pasture mixtures among grazing
treatments on a yearly basis. Adequate

levels were maintained in the forage
through June, but by August some dif-
ferences were evident. Fescue-clover
forage grazed by cattle alone in 1967
maintained a crude protein level of
10% as compared to the 4 to 5% for
dual-use forage. In 1968, the main dif-
ference occurred between the two levels
of dual use where 1:1 forage consist-
ently contained 3 to 5% less protein
than either cattle-only or dual-grazed
forage at the 2:1 ratio.

Ryegrass-clover forage generally ex-
ceeded fescue-clover forage in crude
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protein values. In 1968, values in Au-
gust from sheep-only grazed forage
were less than dual-use or cattle-grazed
forage. With the exception of dual-use
(1:1) fescue-clover forage, August
crude protein levels are adequate to
provide more than a maintenance level
for both cattle and sheep . This is also
reflected in the higher dietary than f or-
age protein values in August.

Estimated dietary dry-matter digesti-
bility in 1967 was little different among
grazing treatments. Over the five-month
period, April through August, esti-
mated dry-matter digestibility fell at a
slow rate from approximately 62 to
51%. Over the same time period, esti-
mated forage dry-matter digestibility
declined from 63 to 49% for ryegrass-
clover, to 38% for dual-grazed fescue-
clover, but only to 51% for fescue
grazed by cattle only, probably due to
the relatively high subclover content.
Samples were not analyzed for esti-
mated dry-matter digestibility in 1968.

Summary
Two years' dual and single-use graz-

ing work on fescue-clover and ryegrass-
clover conducted thus far has indicated
that these pasture mixtures when under
intensive management are capable of
high meat production. Although some
discrepancy existed in results between
years, higher meat production per ani-
mal and per acre may be expected on
fescue-clover grazed either by cattle
only or a high cattle-low sheep ratio
than by somewhat equal grazing pres-
sure by both kinds of stock.

Also, animal production on ryegrass-
clover grazed by sheep alone or at 1:1
was lower than on other treatments ex-
cept for the 1:1 and 1:2 reversal in

1967. However, more flexibility in graz-
ing management occurs for ryegrass-
clover than for fescue-clover when
sheep grazing is considered. Conse-
quently, management of a highly pro-
ductive vegetative cover when used by
sheep is likely to be more successful
with ryegrass than with Alta fescue and
subclover.

Sheep Stocking Rate Experiment
Currently, research is under way at

the OSU Adair Tract to determine the
effects of differential sheep stocking
rates on ryegrass-subclover on both
animal and pasture performance. Forty
ewe lambs, one half each of Suffolk x
Hampshire and Suffolk x Lincoln-
Romney, were purchased in September
1968. Stocking rates were set at 2, 4,
and 6 ewes per acre to be run year-
round . Animal gains (or losses) by
month will be determined, as well as
effects on forage production and com- A-

position. Ewes will not be bred until
the fall of 1969. The pastures had
never had sheep on them, and maxi- P

mum efforts were made to rid the ewes
of internal parasites in order that
"worm-free" conditions could prevail.

This experiment was initiated to find
out the year-round effects of varying
stocking rates. Most grazing experi-
ments are on a short-term seasonal
basis ; it is risky to transpose seasonal
grazing capacity into year-round capac-
ity. Effects on reproductive perform-
ance as well as individual milking abil-
ity by breed will be studied. Since the
forage stand currently is in low vigor,
the rate of improvement as affected by
stocking rate will be important.
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A Sheep Production Model for Maximum Nutritional Efficiency

D. E. HOGUE

This presentation is entitled, "A
Sheep Production Model for Maximum
Nutritional Efficiency," and I hope to
arrive at a production model , but the
premise of nutritional efficiency will
not be obvious. Unfortunately, in the
sheep business we seldom deal with
complete production models. However,
it is imperative that we try to put ev-
erything together and perhaps a model
system will stimulate criticism and
withstand at least some of that criti-
cism.

Defining the product

First, I will try to define a product
(i.e., lamb retail cuts) and then work
backwards through the types of mar-
keting, nutritional, reproductive, and
genetic systems that produce this prod-
uct while maximizing nutritional effi-
ciency. It will be assumed that there
are no major nutritional-nonnutritional
interactions that would severely affect
a production model. That is, if we were
to set up four sample nutritional re-
gimes and test these four on several
systems of sheep production, the four
nutritional regimes would rank the
same in each of the several systems of
production. To really simplify this con-
cept, we can assume that growing
lambs will gain faster if fed a high
grain diet than if fed a low-quality hay
diet whether they be Southdowns, Suf -
f olks , or Columbias and whether they
be fed on slats, on dry range, or in pens.

D. E. HOGUE is Associate Professor, De-
partment of Animal Science, Cornell Univer-
sity, Ithaca, New York.

If this assumption of no interaction
is true, then our job of producing a
production model becomes infinitely
easier. This means that we can de-
termine the model that maximizes nu-
tritional efficiency under one type of
feeding and it will also maximize nu-
tritional efficiency under other feeding
systems. Ignoring feeding system, the
production model that is best for the
Corn Belt may also be best for the
Mountain States, for the Northeast, for
the Southwest, for the Pacific Coast,
for range sheep, for confined sheep, and
so forth.

Only data collected at Cornell in re-
cent years will be presented. These data
are by no means complete, but they are
relevant and will be very useful exam-
ples of the reasons for the development
of our "model."

What shall we produce?

Lamb. What kind of lamb ? How
shall we describe it ? What descriptive
factors are important ? We shall pro-
duce lamb that will yield carcasses that
will yield retail cuts of a given weight
and chemical composition. We shall
produce a standard weight and chemi-
cal composition as retail cuts so that
every retail leg or chop in every store in
the United States will be of the same
type and predictably so. Now, what
weight and chemical composition shall
we choose ? Table 1 is a starting point
(George et al., 1966). Included are the
average weights of the four major re-
tail trimmed cuts from lambs weighing
50 kilograms unshorn and unshrunk.
The chemical data given are from loins
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Trimmed retail cut'

Leg Loin Rack Shoulder

Weight, kg. 	 6.7 1.9 2.3 6.3

Chemical composition
Water, %	 53.4
Fat, % 	 26.5
Protein, % 	 16.4
Ash, % 	 3.7

George et al., 1966.

of comparable lambs weighing 45 kilo-
grams. These are ref erred to as "ideal"
and the chemical data has been biased
toward the leaner lambs. We can best
define our product in these terms:
weight and chemical composition. These
are objective terms and have a direct
relationship to our production model.

What affects what we produce?

If we have settled on what we shall
produce, we can attempt to produce it
and shall consider the following factors
that may affect the weight and chemical
composition of lamb retail cuts: body
weight, age of lamb, sex, breed, sire,
and type of nutrition. Each of these
factors will be discussed very briefly.

Body weight. Considerable data is
now in the scientific literature indicat-
ing that without doubt body weight is

the main determinate of body composi-
tion in the growing lamb. Reid and oth-
ers analyzed several hundred sheep and
reported that body weight is the best
predictor of body chemical components.
Gardner and others acquired similar
data on suckling lambs.

George and others (Table 2) report
the effects of weight on marketing
losses and note the significance of these
effects. They report that about 1% of
the lamb was lost as fat trim in 33-
kilogram lambs, but 7% was lost as fat
in 60-kilogram lambs. Interestingly
enough, this difference was nearly ex-
actly offset by differences in dressing
percentages. Heavier lambs are fatter
lambs and have higher dressing per-
centages and greater fat-trim losses.
The yield of retail cuts is not markedly
affected by the body weight of lambs,

TABLE 2. Effect of body weight on marketing losses and yields of lambs

TABLE 1. Weight and chemical composition of "ideal" retail cuts of lamb

Body weight at slaughter, kg.

33 40 50 60

Pre-slaughter shrinkage, % 	 7.3 8.3 8.4 6.8
Dressing loss, % 	 46.2 42.1 38.9 39.1
Cooler shrinkage, % 	 2.4 1.7 1.4 1.3
Miscellaneous trim, % 	 1.5 1.5 1.4 1.3
Breast-flank-shank, % 	 8.5 9.4 9.9 10.3
Fat trim, % 	 1.1 2.8 5.1 7.3
Retail shoulder, % 	 12.1 12.1 12.7 12.6
Retail rack, % 	 4.2 4.5 4.6 4.5
Retail loin, % 	 3.4 3.7 3.9 3.6
Retail leg, % 	 13.0 13.5 13.4 12.8
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but the weight and chemical composi-
tion of the cuts are affected by the
weight of the lambs at slaughter.

We will conclude that body weight is
very important and lambs should be
slaughtered at a given weight and
thereby minimize that source of varia-
tion. Let us conclude that lambs should
be killed at 50 kilograms and all lambs
will be killed at that weight and produce
the type of retail cuts indicated in Table
1. Now body weight is no longer im-
portant, and we can move on to other
sources of variation that should be con-
sidered.

Age of lamb. Data collected by Ring-
kob and others are presented in Table 3
as the effect of age independent of diet
type on marketing losses and yields of
slaughter lambs. In this case, all lambs
were slaughtered at the same body
weight but varied greatly in age as they
were fed different levels of the same
feed from birth to slaughter. The no-
table point in these data is the lack of
differences. Even different levels of in-
take before and after 32 kilograms live
weight had little effect on the final prod-
uct. Apparently age has no real effect
on marketing losses and yields and can

be essentially ignored in our produc-
tion model . This is especially important
nutritionally because it indicates that
rapid (or slow) growth is not advan-
tageous in market lambs and economics
can supersede growth rate.

Sex of lamb. Limited data on the ef-
fect of sex are included in Tables 4
and 5. At the same weight, ram lambs
are less fat than ewes and wethers are
intermediate. At this stage, we can do
little about the sex of lambs at birth
and whether or not to castrate is usually
determined by management practices
and market custom.

Breed. Tables 5 and 6 include data
on the effect breed may have in de-
termining the chemical composition of
lambs at a given weight and the effect
this may have on retail yield. Of those
breeds sampled, the Suffolk is the lean-
est and the Southdown the fattest, with
the other "down" breeds intermediate.
The whiteface breeds tested are fatter
than one would guess when looking at
the data from the other breeds. These
differences in composition and retail
yields are apparently related to the ma-
ture size of the breeds involved. So we
can easily conclude that if one wants

TABLE 3.	 Effect of age as influenced by type of birth and level of nutrition in marketing losses and
yields of slaughter Iambs'

Type of birth 	 Singles Twins

Nutrition before 32 kg. 	 High Low High Low

Nutrition after 32 kg. 	 High Low High Low High Low High Low

No. of lambs 	 10 9 10 10 11 12 9 9
Age at slaughter, days 	 148 219 195 284 175 251 260 366
Body wt., kg.' 	 45.1 45.2 45.5 45.7 45.3 45.5 45.5 46.9
Carcass wt., kg. 	 26.5 25.8 26.5 27.0 26.7 26.3 26.0 26.8
Dressing percent, % 	 58.9 57.1 58.3 59.1 58.9 57.8 57.1 57.2
Total retail LLRS 3 as a

percent of body wt., % 39.9 38.4 39.4 39.5 39.8 38.7 38.6 39.2
Fat trim, % 	 6.7 6.5 5.9 7.0 6.6 6.8 5.8 6.1

1 Ringkob et al., 1966 and unpublished data.
'Body weight on a shorn-shrunk basis.
2 LLRS indicates leg-loin-rack-shoulder.
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TABLE 4.	 Effect of sex on market characteristics of Iambs'

Rams Ewes Wethers

No. of lambs 	 5 6 8
Shorn-shrunk wt., kg. 	 47.6 47.2 46.0
Dressing percent 	 54.1 57.7 56.4
Retail LLRS2

Percent of body wt. 	 38.2 39.1 38.7
Percent of carcass 	 70.7 67.8 68.6

Fat trim
Kg.	 	 1.8 3.0 2.5
Percent of body wt. 	 3.8 6.3 5.3
Percent of carcass wt. 	 7.1 11.1 9.3

Hogue et al., unpublished data.
2 Leg-loin-rack-shoulder.

TABLE 5.	 Chemical composition of 50-kilogram sheep of various breeds'

Chemical component

Breed Water Fat	 Protein

% % %
Ramb. x Columbia 	 50.6 31.8 14.4
Hamp. x Suff. x Shrop. 	 52.4 30.4 14.2
Suffolk 	 54.8 26.4 15.4
Hampshire 	 52.0 30.2 14.1
Corriedale	 	 48.0 36.8 12.4
Shropshire 	 48.4 35.4 13.6
Southdown (rams) 	 49.4 33.8 14.0
Southdown (ewes) 	 41.4 44.2 12.0

1 Reid et al.

TABLE 6. Effect of breed and weight at slaughter on marketing characteristics of lambs

Dorset
	

Suffolk	 Corriedale	 Southdown

Light Heavy Light Heavy Light Heavy Light Heavy

No. of lambs 	 11 10 10 10 10 10 8 8
Live wt., kg. 	 39.0 54.3 39.0 54.4 40.4 55.3 39.4 54.5
Shorn-shrunk wt., kg. 	 35.0 48.8 34.2 48.8 35.2 48.5 35.5 48.8
Carcass wt., kg. 	 19.0 28.2 17.0 27.1 18.4 27.9 20.5 30.2

Retail LLRS
Kg. 	 13.5 17.6 12.8 18.4 12.6 16.8 13.6 18.0
Percent of carcass 	 70.89 62.37 74.87 67.84 68.36 60.29 66.14 59.83
Percent of body wt. 	 38.59 36.03 37.29 37.61 35.70 34.67 38.33 36.99

Fat trim, kg. 	 1.02 3.75 0.42 2.30 1.50 4.25 2.68 5.71
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leaner lambs, one should start with
bigger parents and still slaughter lambs
at the same weight. This should not
alter the "standard" weights of retail
cuts, but it should alter their chemical
composition toward less fat and more
water.

There is one severe hitch in this idea.
Big sheep require more feed than small
sheep, so getting bigger sheep may not
be nutritionally efficient.

Sire. Data on half-sib groups from
seven Suffolk rams are included in
Table 7 (Brannon, 1967). In this case,
where all lambs are killed at approxi-
mately the same weight, few significant
differences can be detected. Apparently
Suffolk rams in this sample were near
enough to the same size that they did
not really have significant effects on the
market characteristics of their progeny.
This is very convenient because we can
remove sire within size from our model
considerations.

Diet. Type of diet fed (i.e., hay vs.
grain) is normally considered to have
an effect on growth rate of lambs , but
few studies have been reported where a
significant effect on carcass composi-
tion has been observed. Most experi-
ments show little or no effect of hay:

grain ratio on carcass composition of
lambs. This is not necessarily in accord
with the common usage of terms like
"fattening ration" and "growing ra-
tion."

Table 8 includes data from one small
study designed to test the effect of hay
versus grain on market characteristics
of lambs. Three hay:grain ratios were
fed to groups of lambs of equal initial
weights so that all groups gained at the
same rate, thereby eliminating level of
energy intake or growth rate as sources
of variation. All lambs were killed at
approximately the same weight. Using
such measures as dressing percentage,
fat trim, and mesenteric fat weight, the
grain-fed animals were fatter than the
hay-fed animals. However, this differ-
ence is small, and if variations in fill
could be completely accounted for it
would be very small indeed. Diet will
not receive any major attention in our
production model.

Mid-point conclusions
• Retail lamb cuts should be objec-

tively defined in terms of weight and
chemical composition.

• Body weight of the slaughter lamb
is the major factor affecting both the

TABLE 7.	 Effect of sire within breed on marketing characteristics of Iambs'

Ram

A002 238 008 002 32 1573 21

No. of lambs 	 7 8 8 5 6 7 6
Shorn-shrunk wt., kg. 	 43.9 45.7 44.4 46.0 45.8 46.4 45.8
Carcass wt., kg. 	 24.2 24.6 24.3 26.1 25.0 25.7 25.7
Retail LLRS

Kg. 	 16.6 16.2 16.6 17.6 17.1 17.3 17.6
% live wt. 	 37.80 35.37 37.31 38.13 37.69 37.35 38.40
% of carcass 	 68.72 65.75 68.28 67.42 68.49 67.45 68.54

Fat trim, kg. 	 2.1 2.4 2.1 2.4 2.1 2.3 2.1
Loin eye, cm .2 	 12.4 11.5 13.0 13.6 13.0 13.5 13.0
Back fat, cm. 	 0.6 0.7 0.6 0.6 0.6 0.6 0.7
Rib fat, cm. 	 1.6 1.5 1.5 1.9 1.4 1.6 1.5

1 Brannon, W. F., unpublished data.
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TABLE 8. Effect of the hay:grain ratio fed on the growth and market characteristics of Iambs'

100% hay
75% hay

25% grain
50% hay

50% grain

No. of animals 	 12 12 12
Initial wt., kg. 	 30.9 30.6 30.2
Final wt., kg. 	 47.2 46.3 45.8
Days on feed 	 140 147 145
Daily gain, kg. 	 0.13 0.11 0.11
Shorn-shrunk slaughter wt., kg. 	 40.8 41.7 41.5
Carcass wt., kg. 	 21.2 23.0 23.7
Dressing percentage 	 52.0 55.0 57.1
Mesenteric fat, kg. 	 0.8 1.0 1.1

Retail LLRS
Kg. 	 15.3 16.6 16.8
% of live wt. 	 37.6 39.8 40.5
% of carcass 	 72.3 72.1 71.0

Fat trim, kg. 	 1.3 2.0 2.1

1 Vidal and Hogue, unpublished data.

weight and chemical composition of re-
tail cuts of lamb meat.

• Parental size differences (con-
founded with breed) can affect the
composition of lambs of a given weight.

Therefore, our model should be
based on both parental size and slaugh-
ter weight.

Factors affecting nutritional efficiency
Probably the major factor affecting

the nutritional efficiency of a sheep op-
eration is the size of the animals, as-
suming numbers are not changed. Big-
ger sheep require more feed for main-
tenance than smaller sheep, and main-
tenance is the major nutritional require-
ment for sheep. Another important
factor affecting feed efficiency is the
composition of gain of the lambs. As
lambs are taken to heavier weights,
they are gaining more fat which theo-
retically requires more feed per unit
gain. Parental size and composition of
gain tend to work in opposite directions
since the bigger sheep which eat more
have lambs which are not as fat at a
given weight and these lambs should be
more efficient. Somewhere there must
be a balance between parental size,

chemical composition of lambs, and nu-
tritional efficiency of an entire sheep
enterprise. Another consideration, how-
ever, is the relative size of the different
parents. That is, does a 150-kilogram
ram bred to a 50-kilogram ewe produce
the same lamb more efficiently than
would be the case if both parents
weighed 100 kilograms ?

We will now proceed to an experi-
ment to test the effect of parental size
on nutritional efficiency.

Effect of parental size
In an experiment recently com-

pleted at Cornell in cooperation with
the U. S. Department of Agriculture,
parents of greatly different sizes were
individually fed for one year, and all
lambs continued in individual pens
until slaughter at which time complete
carcass cut-out data were obtained. The
ewes varied in weight from 27 to 86
kilograms and in sort of a factorial
method were bred to rams weighing
either 55 or 118 kilograms. These ewes
then lambed either single or twin lambs,
and the lambs were slaughtered at
either 36 or 55 kilograms as a shorn-
shrunk weight. Sixty ewes were used
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initially and 45 finished the entire ex-
periment. A portion of the data is sum-
marized in Table 9 and further sum-
marized in Table 10.

The general design of the experiment
is indicated in Table 9 . To avoid com-
plicated regression and covariance an-
alyses, the ewes are handled as two
groups (large and small) and average

data is presented on three variables
only. These three variables are total
ewe feed per ewe, total lamb feed per
lamb, and fat trim from the lamb car-
casses. These should be the three most
important variables in simplifying the
data without losing its significance.

The summary of Table 9 presented
in Table 10 indicates that using larger

TABLE 9. Summary of ewe-ram size experiment'

SmallEwe size 	

Lambs 	 	 Single

Slaughter wt., kg.

No. of ewes 	 	 9
Ewe wt., kg. 	 	 46.8
Total feed/ewe, kg. 	 	 449
Lamb slaughter wt., kg. 	  36.3	 54.3
Total feed/lamb, kg. 	  144	 392
Fat trim/lamb, kg. 	 	 1.5	 5.5

No. of ewes 	 	 10
Ewe wt., kg. 	 	 49.5
Total feed/ewe, kg. 	 	 451
Lamb slaughter wt., kg. 	  36.0	 54.0
Total feed/lamb, kg. 	  119	 350
Fat trim/lamb, kg. 	 	 1.0	 4.6

Hogue and Lindahl.

Large

36 55 36 55 36 55

55 kg. ram

2
44.5
511

5
65.4
539

5
67.3
610

38.3 55.7 36.3 53.9 37.0 54.0
118 538 130 366 83 514
2.2 6.9 1.5 4.3 1.3 5.0

118 kg. ram

1 4 9
49.5 68.2 71.8
514 575 624

37.0 .55.7 36.4 54.3 35.8 55.3
91 460 78 279 74 422
1.3 5.3 0.7 3.9 0.7 3.9

36	 55

Twins
	

Single	 Twins

TABLE 10. Summary of Table 9 showing unweighted main effect means and ignoring interactions

Avg. lamb
feed

Avg. total
feed

Avg. carcass
fat trim

kg. kg. kg.
234 775 2.7
285 812 3.5
-51 -37 -0.8
243 830 2.7
276 758 3.5
-33 +72 -0.8

287 570 3.3
232 736 2.9

+55 -166 +0.4

Avg. ewe

	

Comparison	 feed

kg.
Large rams (118 kg.) 	 	 541
Small rams (55 kg.) 	 527

	

Difference 	 	 +14
Large ewes (68 kg.) 	 	 587
Small ewes (48 kg.) 	 	 481

	

Difference 	  +105
Twin lambs (per ewe) 	 	 565
Single, lambs (per ewe) 	 	 504

	

Difference 	 	 +61
Twin lambs (per lamb) 	 	 282
Single lambs (per lamb) 	 504

	

Difference 	 	 -222
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rams resulted in a small increase in
feed required by the ewe (increased
lactation requirement), a larger de-
crease in the feed required by the lamb
to reach market weight, and a leaner
carcass as indicated by the reduction in
fat trim. The conclusion here is obvi-
ous: Let's have big rams. We should
probably use rams just as big as we
possibly can and still avoid breeding
and lambing difficulties.

The net effect of ewe size on feed
required is greater than that of ram
size, but conclusions are more difficult.
The larger ewes required an average
of 105 kilograms more feed than the
smaller sized ones and their lambs re-
quired 33 kilograms less feed for a net
difference of 72 kilograms of feed fa-
voring the smaller ewes. Considering
this figure only, we can conclude that to
maximize nutritional efficiency we
should use the smaller ewes. However,
the larger ewes do produce leaner
lambs, and many costs of sheep pro-
duction are on a per head rather than a
per unit of weight basis. Furthermore,
several papers in the literature indicate
that larger ewes have a higher repro-
ductive rate than smaller ones. There-
fore, it is difficult to go along with nu-
tritional efficiency all the way and rec-
ommend small ewes, especially since the
difference in reproductive rate was so
marked in this experiment.

The summary of the effect of number
of lambs born on feed required (Tables
9 and 10) indicates ewes with twin
lambs required 61 kilograms more feed
than those with singles, but on a market-
lamb basis each twin lamb was pro-
duced on 166 kilograms less feed than
each single lamb. This is a saving of
about 25% in feed. The twin lambs
were slightly fatter at slaughter than
the singles, but in most groups they

were also slightly heavier, thus the ac-
tual saving in feed may be greater than
the 166 kilograms indicated.

The model
We now have a simple straightfor-

ward sheep production model for the
production of standard market lambs
with maximum nutritional efficiency.

(1) Kill lambs at a standard weight,
50 kilograms.

(2) Use large rams, 125 to 150
kilograms.

(3) Use moderate sized ewes. Exact
size will depend on future re-
search on the effect of size on
reproductive efficiency.

(4) Select replacement ewes primar-
ily on the basis of twinning.
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