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I. EWE PRODUCTION AND LAMB TRAITS

Four hundred and thirty seven Suffolk and Columbia-type range

ewes maintained on western Oregon hill pastures from August, 1972 to

July, 1974 were mated to North Country Cheviot, Dorset, Finnsheep,

and Romney rams and evaluated for lamb and wood production. Fertility

(ewes lambing as a percent of ewes exposed to rams) averaged 93% with

little difference between Columbia and Suffolk dams or among mates of

the four breeds of sire. Suffolk dams bore .08 more lambs per ewe

bred than did Columbia dams, and there was little difference in date

of lambing between the two breeds. Lambs born to Suffolk dams

weighed .3 kg more at birth, 2.2 kg more at 7 weeks of age, and 3.2

kg more at weaning (P<.01). Lambs sired by Finn rams weighed .5 kg

less at birth than lambs sired by the remaining three breeds of

sire (P<.01). Lamb survival to weaning averaged 83%. Suffolk dams

weaned .06 more lambs per year than did Columbia dams. Suffolk ewes

had lambs whose total 7 week weight was 4.7 kg greater and whose



total weaning weight was 8.2 kg greater per ewe bred per year than

lambs born to Columbia ewes (P<.01). There were no significant

differences among breeds of sire for total 7 week weaning weight or

for number of lambs weaned. Differences did exist, however, among

individual sires within breeds. Columbia ewes produced 1.3 kg

more grease wool per year than did Suffolk ewes (P<.01).

II. SIMULATION OF THE SHEEP FLOCK; NET INCOME PER EWE

Net return per ewe and per hectare was estimated for Suffolk

and for Columbia-type range ewes maintained on western Oregon hill

pasture and mated to North Country Cheviot, Dorset, Finnsheep and

Romney rams. Differences in feed requirements for the two breeds

were taken into account as well as price differentials for blackface

and whiteface feeder lambs, Columbia and Suffolk grades of wool, and

lamb wool and shorn wool incentive payments. A deterministic, discrete-

step simulation model of the two ewe breeds grazing hill pastures for

the 1973 and 1974 production years was run. Input included least

squares means for ewe weight plus lamb production statistics from

a preceeding paper. Results were compared to an independent grazing

study conducted at the same time under similar pasture conditions.

At the start of mating, Suffolk ewes averaged 71.2 kg vs 57.4 for

Columbia ewes (P<.01). For 1973, Columbia ewes and their lambs con-

sumed 378 kg dry matter (DM) of pasture and 208.7 kg DM of supple-

mental feed for a total feed cost of $21.94, while Suffolk ewes and

their lambs consumed 433.5 kg DM of pasture and 240 kg DM of supple-

mental feed for a total cost of $25.21. For 1974 Columbias



consumed 439 kg DM of pasture and 201 kg DM of supplemental feed for

a total cost of $22.17, while results for Suffolks were 487.7 kg DM

pasture, 228 kg DM supplemental feed, and a total cost of $25.34.

Lamb income was $27.14 for Columbias and $34.87 for Suffolks for

1973 and $17.94 and $25.27 for the two breeds, respectively, for

1974. Wool income was $6.75 for Columbias and $3.52 for Suffolks

in 1973 and was $6.34 and $3.19 for Columbias and Suffolks,

respectively, in 1974. Return per ewe above feed costs was $11.95

for Columbias and $13.18 for Suffolks for 1973 and $2.11 for

Columbias and $3.12 for Suffolks during 1974. Taking into account

variable costs for labor, depreciation and interest, net return per

ewe was $8.09 for Columbias and $9.63 for Suffolks during 1973,

and $-1.03 and $.46 for the two breeds, respectively, during 1974.

Net return per hectare was $94.65 for Columbias and $96.20 for

Suffolks during 1973 and $-12.05 for Columbias and $4.60 for Suffolks

during 1974.
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SUMMARY

Four hundred and thirty seven Suffolk and Columbia-type range

ewes maintained on western Oregon hill pastures from August, 1972

to July, 1974 were mated to North Country Cheviot, Dorset, Finnsheep,

and Romney rams and evaluated for lamb and wool production. Fertility

(ewes lambing as a percent of ewes exposed to rams) averaged 93%

with little difference between Columbia and Suffolk dams or among

mates of the four breeds of sire. Suffolk dams bore .08 more lambs

per ewe bred than did Columbia dams, and there was little difference

in date of lambing between the two breeds. Lambs born to Suffolk

dams weighed .3 kg more at birth, 2.2 kg more at 7 weeks of age, and

3.2 kg more at weaning (P<.01). Lambs sired by Finn rams weighed .5

kg less at birth than lambs sired by the remaining three breeds of

sire (P<.01). Lamb survival to weaning averaged 83%. Suffolk dams

weaned .06 more lambs per year than did Columbia dams. Suffolk ewes

had lambs whose total 7 week weight was 4.7 kg greater and whose total

(Key words: Crossbred Lamb, Columbia, Suffolk, Wool).
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weaning weight was 8.2 kg greater per ewe bred per year than lambs

born to Columbia ewes (P<.01). There were no significant differences

among breeds of sire for total 7 week and total weaning weight or for

number of lambs weaned. Differences did exist, however, among

individual sires within breeds. Columbia ewes produced 1.3 kg more

grease wool per year than did Suffolk ewes (P<.01).

INTRODUCTION

Crossbreeding has long been advocated as a method to increase

productivity of sheep (Rae, 1952). It is important that crossbreed-

ing systems employ breeds and crosses which are regionally adapted.

This experiment is part of continuing research to develop breed and

mating system recommendations for the mild, high rainfall environ-

ment of the coastal Pacific Northwest. Earlier experiments

(Hohenboken, 1976; Hohenboken et al., 1976a,b; Hohenboken and Cochran,

1976) established the overall advantage of systematic crossbreeding

over straightbred lamb production under western Oregon conditions.

In this study, Suffolk and Columbia-type ewes, mated to North

Country Cheviot, Dorset, Finnsheep and Romney rams, are evaluated

for lamb and wool production.

MATERIALS AND METHODS

Approximately 200 each of Suffolk and Columbia-type range ewes

were maintained on western Oregon hill pastures from August, 1972

through July, 1974. The Columbia ewes were purchased from one range



sheep operation, and the Suffolk ewes either were raised in the OSU flock,

or purchased from a single California purebred breeder. Except for the

mating season, all ewes were run together and subjected to the same

management. From September 10 to October 20 of each year, groups of

approximately 12 Suffolk and 12 Columbia ewes, selected at random

within breed, were placed in single sire pastures with a semen tested

ram of North Country Cheviot, Dorset, Finnsheep, or Romney breeding.

Four rams of each breed were used each year for a total of 32 sires

during the two-year course of the experiment. The rams were repre-

sentative of the type readily available to commercial sheepmen. All

ewes were shed lambed from February through mid-March each year and

then returned to hill pastures. Lambs were weaned in June, as

pasture quality began to deteriorate, at an average age of 15 and 16

weeks for 1973 and 1974, respectively. The lambs were not creep fed.

The environment and management practices are described in more detail

by Hohenboken et al. (1976a) and Cedillo et al. (1977).

Statistical analyses were performed by least squares analysis

of variance (Harvey, 1960). Four mathematical models were used in

the analyses. Model I was used to analyze actual birth, April

(when lambs were approximately 7 weeks of age) and weaning weight

per lamb. Breed of dam, breed of sire, breed of dam x breed of

sire interaction, year, sex, type of birth and rearing, and age

of dam were fixed independent variables. For April and weaning

weight, birth and rearing classes were single/single, twin/single

and twin/twin with all other combinations included in the twin/single



category. For birth weight, categories were single, twin or triplet.

The random effect of sires nested within breeds and years and date

of lambing as a continuous independent variable were also included.

Birth, April and weaning weight per lamb were then adjusted to a

common male equivalent and to a mature ewe basis using constant

estimates from the least squares analyses. Total April and

weaning weight per ewe bred per year were then calculated, and

these were subjected to further analyses.

Model II was used to analyze number of ewes lambing per ewe

exposed to a ram (fertility), number of lambs born per ewe bred,

lambing date number of lambs weaned, and total April and weaning

4

weight of lamb per ewe exposed per year. Breed of dam, breed of

sire, breed of dam x breed of sire interaction, and year were fixed

independent variables, while sires nested within breeds and years

was a random variable.

A third model was used to analyze lamb survival to weaning.

This model included the same fixed and random effects as Model II

in addition to sex, type of birth, and age of ewe as fixed independent

variables. Model IV, consisting of breed of ewe, year and age of

ewe as fixed independent variables, was used to analyze grease

wool production.

There were 874 ewes bred, 813 lambings, 1159 lambs born, and

965 lambs weaned. Fertility averaged 93%, lambs born per ewe

lamging averaged 1.43, and lamb survival to weaning averaged 83%.
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RESULTS AND DISCUSSION

Least squares means for ewe reproduction and production traits

and for individual lamb weights are presented in tables 1 and 2,

respectively. Analysis of variance tables are not included, but

they may be obtained from the authors.

Ewe Reproduction. There was little difference in fertility

between Suffolk and Columbia ewes, the latter having a slight

advantage (94 vs 92%). There was little difference among breeds of

sire for this trait. Although the pooled effect of sires nested

within breeds and years was not significant, there were highly

significant fertility differences among mates of individual Dorset

and Finn rams in 1974. In the second breeding season of the experi-

ment, one of the four Romney rams successfully bred all the Suffolk

ewes but only 20% of the Columbia ewes. This, and other unpublished

observations at OSU, suggests that individual rams may express a

breed preference in seeking out ewes in estrus. Bourke (1967) has

reported that Merino rams preferentially mated Merino ewes, and in

the converse situation Lees and Weatherhead (1970) found that Clun

Forest ewes exhibited a strong preference to mate with rams of their

own breed. Differences among environmental effects (year and age

of dam) for fertility were small and not significant.

Suffolk dams bore. .08 more lambs per ewe bred than did Columbia

dams. This is in general agreement with findings in the literature

(Sidwell and Miller, 1971a; Dickerson and Glimp, 1975; Bradley et al.,

1972). There was little difference among breeds of sire for this
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trait. Overall, ewes bred to Romney rams were slightly more prolific.

There were significant differences among mates of individual Dorset,

Finn and Romney sires in 1974 for this trait. The year effect was

significant.

Lambing date, an indicator of fertility in the ewe and of sexual

potency in the ram, was almost identical for the various breed of dam

and breed of sire combinations. There were highly significant differ-

ences between years, with lambs born three days earlier in 1973 than

in 1974. The age of dam effect was not significant.

Lamb Traits. There were highly significant breed of dam and

breed of sire effects for birthweight. Lambs born to Suffolk dams

weighed .3 kg more than lambs born to Columbia dams, in agreement

with findings by Sidwell and Miller (1971b), Rastogi et al. (1975)

and Vesley et al. (1977). Lambs sired by Finn rams weighed .5 kg

less than lambs sired by the remaining three breeds of sire, which

is consistent with results obtained by Dickerson et al. (1975).

There were significant differences among progeny of individual Cheviot

and Dorset sires for 1973, of individual Romney sires for 1974, and

highly significant differences among individual Cheviot, Dorset, and

Finn sires for 1974. The breed of sire x breed of dam interaction

was not significant.

All environmental effects on birth weight were significant except

lambing date. Lambs born in 1974 were .3 kg heavier than lambs born

the previous year; male lambs outweighed female lambs by .3 kg; lambs

born as singles were significantly heavier than lambs born as twins or
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triplets; and two year-old ewes bore lambs .2 kg lighter than three

year-old ewes and .3 kg lighter than mature ewes.

There were highly significant differences between dam breeds for

April weight per lamb. Lambs with Suffolk dams weighed 2.2 kg more

than lambs with Columbia dams. Breed of sire and breed of sire x

breed of dam interaction effects were small and not significant.

There were highly significant differences among progeny of individual

Finn sires for 1974. Years, type of birth and rearing classes, and

lambing date each caused significant variation. Lambs born in 1973

weighed 2.5 kg more in April than lambs born in 1974. The regression

of April weight on age of lamb was .15 kg per day. Lambs born and

raised as singles outweighed lambs born and raised as twins and

lambs born as twins but raised as singles by 4.9 and 3.2 kg,

respectively.

There also were highly significant differences between breeds of

dam for lamb weaning weight. Lambs born to Suffolk dams weighed

3.2 kg more than lambs born to Columbia dams. The breed of sire

effect was small with a 1 kg difference between the highest (lambs

sired by Cheviot or Dorset rams) and lowest (lambs sired by Romney

rams) weaning weight averages. The year effect was significant.

Male lambs weighed 1.9 kg more than female lambs at weaning (P<.01);

lambs born and raised as singles weighed 6.2 kg more at weaning than

lambs born and raised as twins and 5.3 kg more than lambs born twin

but raised single (P<.01). The regression of weaning weight on

weaning age was .103 kg per day (P<.01). The age of dam effect



was not significant. These environmental effects are consistent with

reports in the literature (Rastogi et al., 1975; Hohenboken et al.,

1976b; Olson et al. 1976; Vesley et al., 1977). The advantage of

progeny from Suffolk ewes over progeny from Columbia ewes is graphically

presented in figure 1.

Lamb survival to weaning averaged 83%. None of the genetic

effects was significant for this trait except for among progeny of

individual Cheviot sires for 1974 (P<.05). This study failed to sub-

stantiate an advantage in survival percent of Finnsheep crossbed

lambs reported by Dickerson and Glimp (1975) and Dickerson and

Laster (1975) and small differences in favor of Finn x Dorset lambs

reported by Wiener et al. (1973). There were highly significant

differences between years, with 95% surviving in 1973 and 72% surviv-

ing in 1974. The major reason for the lower survival rate during

1974 was several serious predator attacks which killed a total of

58 lambs. Also, a number of lambs were raised as orphans in 1974,

and for the purposes of this analysis, orphans were considered deaths.

Wether lambs had higher survival than female lambs (P<.01)

which was contrary to the findings of Hight & Jury (1969) and

Dickerson et al. (1975). Lambs born as singles had a highly significant

survival advantage over lambs born as twins, which was in general

agreement with the above two studies. The age of dam effect was not

significant.

Ewe Production Traits. Total April and weaning weight of lamb

per ewe exposed per year, adjusted to a male equivalent and to a mature



ewe basis, were analyzed as well as number of lambs weaned per ewe

and grease wool production.

Total April weight of lambs from Suffolk dams was 4.7 kg

greater than for lambs from Columbia dams (P<.01). After subtracting

the difference in birthweight, April lamb weight was still 3.9 kg

greater for Suffolk dams. This indicates that Suffolk dams provided

better maternal environment than did Columbia dams, since lambs are

highly dependent on their dams during their first 8 weeks of life

(Gardner and Hogue, 1966). The breed of sire effect was not signifi-

ant for this trait nor was the breed of sire x breed of dam inter-

action. There were highly significant differences among mates of

individual Finn sires in 1974. The year effect was also highly

significant, which was due to the lower survival of lambs during

1974.

There were no significant genetic differences for number of

lambs weaned except for among mates of individual Romney sires for

1974. Suffolk dams weaned .06 more lambs than Columbia dams, and

more lambs sired by Romney rams reached weaning age than from the

remaining three breeds of sire. The year effect for this trait

was highly significant, again due to the highly significant differ-

ence in lamb survival for the 2 years of the experiment.

There were highly significant differences between dam breeds

for kilograms of lamb weaned per ewe bred per year. Total weight

of lambs born to Suffolk dams was 8.2 kg more than lambs born to

Columbia dams. The superiority of the Suffolk breed for kilograms
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of lamb weaned is well documented in the literature (Sidwell and

Miller, 1971b; Rastogi et al., 1975; Holtman and Bernard, 1969;

Hohenboken, 1976; Hohenboken et al., 1976b; Singh et al., 1967).

Subtracting the difference between breeds of 4.7 kg for April

lamb weights still leaves a difference of 3.5 kg in favor of the

lambs born to Suffolk dams. The superiority of Suffolk dams for

total lamb weight is presented graphically in figure 1.

Breed of sire and the breed of sire x breed of dam interaction

effects were not significant. Lambs sired by Romney rams weighed

the most at weaning, followed by lambs sired by Dorset, Finn, and

Cheviot rams, in that order. The year effect was highly significant,

once again due to the highly significant difference in lamb survival

between 1973 and 1974.

Columbia ewes produced more grease wool than Suffolk ewes (P<.01),

which is consistent with reports in the literature (Sidwell and Miller,

1971c; Sidwell et al., 1971d; Bradley et al., 1972; Cedillo et al.,

1977). There were small and nonsignificant differences for year and

age of dam effects.

Discussion. Suffolk dams were slightly more prolific than

Columbia dams and produced heavier lambs at weaning. A possible

source of the superior performance of Suffolk dams is better adaptation

to the high rainfall conditions of western Oregon. Columbias were bred

for a more arid, inter-Mountain climate. Columbia ewes were included

in this study because their large numbers in the range States make them

a potential source of crossbred replacement ewes from contract matings.
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There was little difference among sire breeds for any of the traits

analyzed. Thus, a suitably tested ram of any of the four sire breeds

could successfully sire crossbred lambs.

There was considerable variation among individual sires for

the traits analyzed. The thirty-two individual sires used in this

study were chosen as representative of their respective breeds and

were semen tested. The variation in their production of crossbred

lambs suggests the need for more rigorous testing and intensive

selection of individual sires if a breeding program is to be success-

ful.

As lifetime production information of crossbed ewe lambs born

during this study and retained for breeding becomes known, the

Cheviot, Dorset, Finn, Romney, Suffolk and Columbia breeds will be

evaluated for genetic merit as parents of replacement ewes. Cedillo

et al. (1977) have studied reproduction and lamb and wool production

of ewe lambs from all eight crossbed groups under western Oregon

conditions, and Hohenboken (1977) reported postweaning growth and

carcass merit of the wether lambs born during this study.



TABLE 1. LEAST SOUARES MEANS FOR EWE REPRODUCTION AND PRODUCTION

Effect Fertility

Number
of lambs
borna

Lambing
dateb

Total April
weight of

lamba

(kg)

Number
of lambs
weaneda

Total
weaning
weighta
(kg)

Wool
produc-
tion
(kg)

Breed of dam:

Columbia .94 1.35 47.0 19.7** 1.14 29.4** 3.3**
Suffolk .92 1.43 47.8 24.4 1.20 37.6 2.0

Breed of sire:

N.C. Cheviot .90 1.38 46.7 20.7 1.13 31.6
Dorset .94 1.35 48.8 21.8 1.16 34.4
Finn .96 1.38 46.4 22.0 1.13 33.0
Romney .92 1.48 47.5 23.7 1.28 35.0

Breed of sire x breed of dam:

N.C. Cheviot x Columbia .93 1.16 46.3 18.7 1.19 29.4
Dorset x Columbia .95 1.28 48.9 18.7 1.09 28.9
Finn x Columbia .96 1140 44.9 21.5 1.14 30.6
Romney x Columbia .91 1.40 47.5 20.0 1.15 28.7

N.C. Cheviot x Suffolk .87 1.28 47.0 22.8 1.07 33.8
Dorset x Suffolk .93 1.41 48.6 24.0 1.20 39.9
Finn x Suffolk .96 1.35 47.8 22.6 1.12 35.4

Romney x Suffolk .92 1.55 47.4 27.5 1.38 42.4

Year:

1973 .94 1.46* 45.9** 24.7** 1.30** 36.5** 2.7
1974 .92 1.33 48.8 19.4 1.04 30.5 2.6

Mean .93 1.40 47.4 22.0 1.17 33.5 2.7

a
Per ewe exposed per year.

b
Measured as number of days born after December 31 of previous year.

*
P.05.

**
P.01.
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TABLE 2. LEAST SQUARES MEANS FOR LAMB TRAVIS

Effect

Birth
weight
(kg)

April
weight
(kg)

Weaning
weight
(kg)

Percent
survival

Breed of dam:

Columbia 4.1** 17.3** 27.4** .83

Suffolk 4.4 19.5 30.6 .84

Breed of sire:

N.C. Cheviot 4.4** 18.2 29.3 .83

Dorset 4.4 18.5 29.3 .84

Finn 3.9 18.9 28.9 .82

Romney 4.4 17.9 28.3 .84

Breed of sire x breed of dam:

N.C. Cheviot x Columbia 4.2 16.8 27.7 .84

Dorset x Columbia 4.3 17.1 27.1 .86

Finn x Columbia 3.8 18.7 27.6 .81

Romney x Columbia 4.4 16.5 27.0 .83

N.C. Cheviot x Suffolk 4.6 19.6 30.8 .83

Dorset x Suffolk 4.5 19.9 31.5 .83

Finn x Suffolk 4.0 19.1 30.2 .85

Romney x Suffolk 4.4 19.3 29.6 .87

Year:

1973 4.1** 19.6** 29.4* .95**

1974 4.4 17.1 28.6 .72

Sex:

Male 4.4** 18.8 30.0** .86**

Female 4.1 17.9 28.1 .81

Type of birth/rearinga:

Single/single 5.0** 21.1** 32.9** .93**

Twin /singlet - 17.8 27.3 -

Twin/twin 3.6 16.2 26.7 .74

Age of dam:

Two 4.1** 18.0 28.3 .82

Three 4.3 18.7 29.8 .87

Four+ 4.4 18.4 28.6 .81

Regression of trait
on lambing date: .005 .15** .103**

Mean 4.2 18.4 29.0 .83

aFor survival analysis, type of birth only.

bThis category also included a small number of triplet lambs raised as twins

or singles.

*
P<.05 level of significance for the main effect.

**
P<.01 level of significance for the main effect.



Figure 1. Lamb birth, April and weaning weights per lamb and total
lamb per ewe bred per year (adjusted for age of dam and
sex).

4J

3
307

Total weight of lambs
per ewe bred per year

Individual lamb weights

BIRTH APRIL WEANING

- lambs of Columbia dams
= lambs of Suffolk dams

14



15
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SUMMARY

Net return per ewe and per hectare was estimated for Suffolk and

for Columbia-type range ewes maintained on western Oregon hill pas-

tures and mated to North Country Cheviot, Dorset, Finnsheep and

Romney rams. Differences in feed requirements for the two breeds

were taken into account as well as price differentials for blackface

and whiteface feeder lambs, Columbia and Suffolk grades of wool, and

lamb wool and shorn wool incentive payments. A deterministic, dis-

crete-step simulation model of the two ewe breeds grazing hill

pastures for the 1973 and 1974 production years were run. Input

included least squares means for ewe weight plus lamb production

statistics from a preceeding paper. Results were compared to an

independent grazing study conducted at the same time under similar
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pasture conditions. At the start of mating, Suffolk ewes averaged

71.2 kg vs 57.4 for Columbia ewes (P<.01). For 1973, Columbia

ewes and their lambs consumed 378 kg dry matter (DM) of pasture

and 208.7 kg DM of supplemental feed for a total feed cost of

$21.94, while Suffolk ewes and their lambs consumed 433.5 kg DM

of pasture and 240 kg DM of supplemental feed for a total cost

of $25.21. For 1974 Columbias consumed 439 kg DM of pasture and

201 kg DM of supplemental feed for a total cost of $22.17, while

results for Suffolks were 487.7 kg DM pasture, 228 kg DM supple-

mental feed and a total cost of $25.34. Lamb income was $27.14

for Columbias and $34.87 for Suffolks for 1973 and $17.94 and

$25.27 for the two breeds, respectively, for 1974. Wool income

was $6.75 for Columbias and $3.52 for Suffolk in 1973 and was

$6.34 and $3.19 for Columbias and Suffolks, respectively, in 1974.

Return per ewe above feed costs was $11.95 for Columbias and $13.18

for Suffolks for 1973 and $2.11 for Columbias and $3.12 for Suffolks

during 1974. Taking into account variable costs for labor,

depreciation and interest, net return per ewe was $8.09 for

Columbias and $9.62 for Suffolks during 1973, and $-1.03 and $.46

for the two breeds, respectively, during 1974. Net return per

hectare was $94.65 for Columbias and $96.20 for Suffolks during 1973

and $-12.05 for Columbias and $4.60 for Suffolks during 1974.

(Key words: Simulation, Net return, Columbia, Suffolk)
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INTRODUCTION

To increase productivity of sheep by crossbreeding it is

important to consider the net return to the producer. Increased

lamb and wool production require increases in feed and other

costs. The choice of a breeding system for a specific environment

should maximize the difference between increased productivity and

increased costs. The objective of this study was to estimate the

net return per ewe and per hectare of Suffolk and Columbia-type

ewes mated to North Country Cheviot, Dorset, Finnsheep and Romney

rams and raised under western Oregon hill pasture conditions,

taking into account the difference in feed requirements for the

two breeds of ewe, different market prices for blackface and white-

face feeder lambs and for Suffolk and Columbia wool as well as wool

incentive payments.

MATERIALS AND METHODS

Population and Management. Approximately 200 each of Suffolk

and Columbia-type range ewes were maintained on western Oregon hill

pastures during the 1973 and 1974 production years. A total of 1159

lambs, sired by North Country Cheviot, Dorset, Finnsheep and Romney

rams, were born; and nine hundred and sixty -five lambs survived to

weaning age. All ewes were shed lambed from February through mid-

March each year and then returned to hill pastures. Lambs were not

creep fed and were weaned in June. Ewes were maintained without

supplemental feed on dormant pasture throughout the summer and
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during the early fall when some pasture growth occurred. From

November to mid-March all ewes were fed first grass hay (1 02 250)

and molasses (4 04 696) and then alfalfa hay (1 00 059) ad libitum

plus a grain mix. Management practices, experimental design, and

procedures are described in greater detail by Levine and Hohenboken

(1978). Least squares means for ewe reproduction and lamb produc-

tion and the individual lamb traits are available from the same

peper.

Statistical analysis. A least squares analysis of variance

was performed with ewe weight in the autumn as the dependent

variable (Harvey, 1960). Independent variables were breed of ewe,

year and age of ewe.

The simulation model for sheep grazing. Determination of net

return per ewe bred (exposed to a ram) proceeded as follows. Using

least square means for Columbia and Suffolk ewe weights and lamb

production pooled over breeds of sire, a discrete step, deterministic

simulation of Columbia and Suffolk ewes grazing western Oregon

hill pastures was run for the years 1973 and 1974 using a model

adapted from the literature (Smith and Williams, 1973) to obtain

estimates of feed intake per ewe. The model monitored five main

state variables on a daily basis: the weight of herbage on offer

(the total dry matter (DM) weight of the pasture on a given day),

plant density, pasture height, liveweight of sheep per hectare,

and soil moisture in the top 30 cm of the soil. The growth of the

pasture was estimated as a function of soil radiation, leaf area
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exposed, and amount of pasture removed by grazing sheep. Changes in

soil moisture were calculated from open pan evaporation and rainfall

data, which, along with solar radiation, were available on a daily

basis for 1973 and 1974 from NOAA, National Weather Service,

Microclimate Station for Agriculture, Oregon State University

Hyslop Agronomy Farm (unpublished data), and were read into a

Control Data Corporation Cyber 73 Series computer to run the

simulation. Defoliation by grazing sheep was calculated as a

function of stocking rate, pasture weight, and height of pasture.

The liveweight change of ewes and lambs was determined by the

amount of pasture intake, the digestibility of the pasture and the

partitioning of metabolizable energy (ME) of ingested pasture among

maintenance, lactation and growth requirements. Full details of

the model are reported elsewhere (Smith and Williams, 1973).

The Smith and Williams model simulated the growth of feeder

lambs for 105 days during the spring grazing season. This model

was expanded to simulate the sheep flock for the entire production

year. Complete details of the adapted model are available from

the authors. Additional equations were developed to simulate the

pasture intake of the lactating ewe. Energy requirements of the

ewes were calculated using formulas modified from Smith and Williams

(1973) and Young and Corbett (1968). Maintenance ME requirements

were calculated from the Young and Corbett formula:

(1) ME (Mcal/day) = .132 x (liveweight) .75
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Ewes nursing single lambs were credited with ME intake 1.50 times

maintenance, and ewes nursing twin lambs, 1.85 times maintenance

requirements. ME intake for weight gain during the ewe's dry

period was calculated by the formula, (modified from Young and

Corbett, 1968):

(2) ME = .132 x liveweight
.75

(1 + .0055 g)

where g is gain in grams. The estimated supplemental feed for

November through mid-March was calculated by computer by dividing

the ME needs of the ewe on a particular day by the ME content/kg

of the uniform supplemental feed, which was calculated using NRC

feed tables (1969). To run the model year around, pasture digesti-

bility was adjusted seasonally in accordance with findings of

Bedell (1970).

In order to run the adapted Smith and Williams model under

western Oregon conditions, values had to be fitted for SPM (soil

productivity multiplier), a dimensionless scaling factor allowing

for adjustment in soil fertility and condition from site to site

and year to year, and for EMAX (maximum amount of pasture intake

of the lactating ewe). Values for SPM and EMAX were chosen within

the bounds of biological meaning and to produce stability in the

simulation runs. Stability in the model was defined as producing

weight changes in the ewes and growth patterns in the lambs that

were realistic and that conformed to the data. The average metabolic

weight (W
.75

) of ewes and weaned lambs was computed per breed of

ewe. The ratio of these two totals was used to estimate the
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relative difference in energy requirements for Columbia and Suffolk

dams grazing pasture with their lambs. This relative difference

was then used to distinguish quantitatively between stocking rates

for the two breeds of ewe. Under the conditions for western Oregon

hill pastures during 1973 and 1974, stocking rate per hectare of

10 Suffolk ewes with their lambs was equivalent to a stocking rate

of 11.7 Columbia ewes with their lambs. Separate simulations were

then run for 1973 and 1974 for each breed of ewe using these stock-

ing rates to obtain estimates of their actual pasture and supple-

mental feed intake. Pasture intake estimates of the lambs were

obtained by computing the difference between estimates of energy

supplied by the dam's milk and energy required by the lambs to grow

at their observed levels. Results are presented in table 4.

Estimates of pasture intake from the simulation were then com-

pared with results from an independent grazing study conducted

during the same two years and under similar pasture conditions

(Thetfold, 1976). In the grazing trial commercial black-face-type

ewes and their lambs were stocked at three different intensities

(7.4, 9.9 and 12.4 ewes/ha), and pasture growth and ewe and lamb

intake were estimated by the before-and-after cage plot technique

(Carter, 1962). The most relevant comparison between the simulation

and the grazing trial is between the Suffolk simulation and the

grazing experiment with a stocking rate of 9.9 ewes/ha. Table 5

presents the results of that comparison.
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Calculation of net return. Once estimates of feed intake per

breed of ewe were obtained from the simulation and tested against

values obtained from the grazing study, costs were assigned to

them. Cost of pasture intake was calculated on the basis of the

net worth of the pasture if it had been used to produce hay. This

net worth was determined by computing an average price of a metric

ton of grass/clover hay, dry matter basis, from 1972 through 1976

using local market prices (Oregon Farmer-Stockman, 1972-76), and

then subtracting an estimate of baling costs. For the purposes

of computing the cost of supplemental feed fed to the ewes from

November to mid-March each year, it was assumed that the feed

consisted of a uniform ration of 50% grass hay (1 02 250), 25%

alfalfa (1 00 059), 5% molasses (4 04 696) and a 20% grain mix of

equal amounts of barley, wheat and ryegrass screenings (4 02 156).

Costs were assigned to this feed using average prices paid by the

Oregon State University (OSU) sheep operation from 1972 through 1976.

A total cost of pasture plus supplemental feed per Suffolk and Columbia

ewe bred plus their lambs was then computed. Results are presented in

table 4.

Gross income was then computed for the two breeds of dam, taking

into account the price differential for blackface and whiteface feeder

lambs, Suffolk and Columbia wool grades, and the Wool Incentive

Program payments for shorn and unshorn wool. All lambs weaned during

the experiment were feeder lambs. For the purposes of calculating

lamb income per ewe bred, all lambs were assumed to be sold for
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market with no replacements retained. Table 4 and table 5 present

results for lamb income and wool income, respectively. Net return

above feed costs per ewe bred was then calculated for each breed of

ewe. These results are presented in table 8 and illustrated graphi-

cally in figure 2.

Net return above variable costs per hectare was also computed

for each breed of ewe. Costs for supplemental feed were subtracted

from gross income as were costs for variable labor, ewe depreciation

and interest in order to determine net return per ewe above variable

costs (Enterprise Cost Studies, Extension Farm Management Staff,

Oregon State University, unpublished data). This net return was then

multiplied by the stocking rate per hectare for each breed of ewe to

calculate net return above variable costs per hectare. Results are

presented in table 9 and illustrated graphically in figure 2.

RESULTS AND DISCUSSION

Ewe weight. Least squares means for ewe weight are presented in

table 2. There were highly significant differences for all variables

in the model. Suffolk ewes weighed 13.8 kg more than Columbia ewes.

This finding is consistent with reports in the literature (Sidwell

and Miller, 1971; Bradley et al., 1972, Rastogi et al., 1975). Ewes

weighed 4.8 kg more in 1973 than in 1974, and ewes four years of age

and older weighed 4.2 kg more than both two and three-year old ewes.

The least squares means for ewe weight were used in the simulation

to distinguish between the two breeds of ewe.
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Performance of the model. Results of the simulation for 1973

and 1974 estimating pasture and supplemental feed intake for Columbia

and Suffolk ewes and their lambs, as well as a comparison of these

results to a separate grazing study undertaken at the same time

under similar conditions, are presented in tables 4 and 5.

There was general agreement between the simulation and the

grazing experiment (Thetford, 1976) for amount of dry matter pro-

duction of pasture. In the simulation, DM pasture production was

4244 and 5104 kg/ha for 1973 and 1974, respectively, while the grazing

trial estimated DM pasture production at 4890 and 5975 kg/ha for the

two years, respectively. For both years the simulation produced

estimates 15% lower than the grazing trial. Possible explanations

for this difference include differences in the soil fertility, water

table, level of previous fertilization, and temperature between the

site of the grazing trial and the hill pastures where data for the

simulation were obtained, experimental error in the cage plot

technique, or a downward bias in the simulation.

An additional test of the simulation is its sensitivity to

yearly weather changes. The spring grazing season for 1973 was

abnormally dry while the 1974 season had more normal rainfall (Bates

and Calhoun, 1977). Dry matter pasture production estimates pro-

duced by the simulation were consistent with the weather for the

two years.

There was also general agreement between the simulation and

the grazing trial for daily DM intake with the exception of late
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spring 1973 and early spring 1974 when the grazing trial intake

exceeded the simulation intake. During the early spring of 1973,

simulation and grazing trial estimates of dry matter were almost

identical, but during late spring, grazing estimates were 2.4 kg/day

higher than for the simulation. By summer, simulation estimates

were slightly higher than grazing trial estimates, and this differ-

ence widened by fall. The same trend occurred for 1974 with early

spring grazing trial intake 2.3 kg/day higher than simulation intake,

while by summer the simulation intake exceeded the grazing trial

intake by .3 kg/day. A possible explanation of this is that in the

grazing trial more of the pasture growth occurred during the spring

season and less during the summer and fall than with the simula-

tion, so the simulation undervalued intake in the spring and biased

intake upward during the summer and fall. If this were so, this

source of error partially cancelled itself out.

Another reason for the lower simulation intake values for early

spring 1973 and late spring 1974 was that the model assigned a ceiling

of 2.93 kg/day to EMAX, the maximum possible intake of pasture by a

lactating ewe. Smith and Williams (1973) assign a value of 1.14 kg

for EMAX for feeder lambs. The simulation model therefore imposed a

ceiling of 5.21 kg/day of ingested pasture for ewes grazing with twin

lambs. This is still .5 kg/day less than values obtained from the

grazing trial for late spring 1973, and all of the ewes did not raise

twins. The before-and-after cage plot technique used in the grazing

trial to estimate ewe and lamb intake also included losses due to
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trampling and uprooting of pasture. This probably caused an upward

bias of intake during maximum spring growth conditions where these

losses would be maximal.

There was very close agreement between the simulation and the

grazing trial for total dry matter consumption of pasture for 1973

(433.5 vs 447.6 kg, respectively) and reasonable agreement for the

1974 season (487.7 vs 529.5 kg). The value of this state variable

is of primary concern in assigning pasture costs to the grazing ewes.

No estimates were available from the grazing trial for supple-

mental feed fed during the late fall and winter months. Ewes were

assigned supplemental feed by the simulation, based on their known

weight change and physiological status (formula 1 and 2). Results

were consistent with estimates of that portion of total OSU sheep

operation feed purchases for 1973 and 1974 allocated to this experi-

ment.

The Young and Corbett (1968) maintenance energy requirement used

by Smith and Williams (1973) is 35% greater than the most recent NRC

requirement (1975) and 18% higher than an earlier NRC recommendation

(1968). The higher maintenance requirement was used because results

by Young and Corbett (1968) have indicated greater maintenance

requirements for sheep maintained on pasture than in drylot. The

higher maintenance and lactation requirements were also used in the

OSU simulation runs as a correction factor to account for energy and

growth losses due to the higher worm infestations of sheep maintained

most of the year on pasture than those raised in drylot. The detailed
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modelling of the seasonal effects of parasite infestation was beyond

the scope of this study.

Net return. Lamb income from Suffolk dams was $7.73 greater in

1973 and $7.33 greater in 1974 than lamb income from Columbia dams

(table 6). This advantage, was due both to the greater quantity of

lamb weaned by Suffolk dams (Levine and Hohenboken, 1978) and to the

higher price paid per kilogram for blackface than for whiteface

feeder lambs by Northwest feeders and grazers. Lamb prices were

calculated on the basis of Portland, Oregon sale prices for U.S.

Choice (whiteface) and U.S. Fancy (blackface) lambs from mid-May

to mid-June each year from 1972 through 1976 (Oregon Cooperative

Extension Service, 1972-76). Lamb wool incentive payments, paid

for unshorn wool on lambs, were computed according to U.S. Department

of Agriculture, Agricultural Stabilization and Conservation Service

(1977) information. Since lamb wool incentive payments are based

upon the number of kilograms of lamb marketed regardless of wool

quality, payments for lambs born to Suffolk dams were slightly

higher for both years.

Wool income for Columbia ewes was considerably higher than wool

income from Suffolk ewes for both years (table 5). This was a reflec-

tion of the higher production from Columbia dams, the higher value

of Columbia wool, and the higher incentive payments paid for shorn

Columbia wool under the Wool Incentive Payment Program. These three

sources of wool income resulted in almost double the income from

wool for Columbia dams for both years. Average wool prices for 1972

through 1976 were obtained from the Douglas County, Oregon, Pool
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(Oregon Cooperative Extension Service, 1972-76); price differentials

for Columbia and Suffolk wool were obtained from the California

WoolMarketing Association (unpublished information, 1977); and

the wool incentive payments for shorn wool were calculated according

to U.S. Department of Agriculture, Agricultural Stabilization and

Conservation Service Information (1977).

Total gross income for Suffolk ewes for 1973 was $38.39 vs

$33.89 for Columbia ewes. For 1974, gross income was $28.46 and

$24.28 for Suffolk and Columbia ewes, respectively. The lower income

for 1974 was due to the lower lamb survival rate for that year,

as discussed in a preceeding paper (Levine and Hohenboken, 1978).

Suffolk ewes enjoyed an average advantage of $4.34/year in gross

income. This advantage in favor of Suffolk ewes was altered con-

siderably when differences in feed costs were taken into account

(table 8). Total feed costs for Suffolk ewes and their lambs were

$3.27 greater than for Columbia ewes and their lambs in 1973 and

$3.17 greater in 1974. This reduced the net advanrage in return

above feed costs per ewe bred for Suffolk dams to $1.23 in 1973

and $1.01 in 1974, or an average of $1.12. The highly significant

difference in lamb production in favor of Suffolk dams (Levine and

Hohenboken, 1978) is altered when the economic realities of breed-

ing systems are considered. Lower feed costs, higher wool income,

and higher wool incentive payments for Columbia ewes must be taken

into consideration when recommendations for a specific crossbreeding

system are made (Figure 2).
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Net return per ewe above variable costs in 1973 was $8.09 for

Columbias and $9.62 for Suffolks (table 9). Higher stocking rates

for Columbia ewes and their lambs resulted in small differences in

net return per hectare for 1973, with $94.65 and $96.20 for the two

breeds, respectively. For 1974, Suffolk ewes enjoyed a similar

advantage of approximately $1.50 per ewe over Columbia ewes, but

lower gross income for both breeds due to a low survival rate for

lambs resulted in a $.46 per ewe profit for Suffolks and $1.03 per

ewe loss for Columbias. Net return per hectare for 1974 was $-12.05

for Columbias and $4.60 for Suffolks.

Calculating net return above variable costs per hectare avoids

having to assign any monetary value to standing forage. Costs are

fixed from year to year on pasture land, but yield varies in both

quantity and quality due to weather, previous grazing use, and other

practices. Thus, assigning a constant value to the standing forage

becomes somewhat arbitrary and subject to error. Calculation on a

net return above valuable costs per hectare basis considers the

components of income and expense that a producer would actually accrue

and measures his rate of return on his most basic resource, his land.

Calculation on this basis suggests that in years of low productivity

in the sheep flock, such as in 1974, a smaller number of larger, more

prolific Suffolk ewes with more rapidly gaining lambs will be more

profitable than a greater number of smaller, less prolific, higher

wool producing Columbias with less rapidly growing lambs.

Discussion. The use of simulation techniques to study grazing

animals offers an opportunity to synthesize an entire biological
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system out of the specialized subunits of genetics, range management,

agronomy, computer science, statistics, and nutrition. Specialized

knowledge in any of these fields may then be tested on its ability

to add knowledge to the entire system (Wright and Dent, 1969).

land-grant universities where responsibilities are often divided

between teaching and research, the building and use of a simulation

model creates a versatile and efficient tool for both activities

(Mill and Longwirth, 1975). In the present instance, the model

developed by Smith and Williams (1973) was chosen because of its

versatility and the philosophy implicit in its construction. Equa-

tions were developed which had biological meaning and validity, and

any changes in those equations had to be justified by known biological

changes in the real system that was being simulated. The model thus

attempted to provide a quantitative biological explanation for the

entire grazing ecosystem. It has the potential to yield a wealth of

information in addition to its use in this study to obtain estimates

of feed intake for Columbia-type and Suffolk ewes.

Another aspect of simulation modeling is that it uncovers gaps

in the knowledge of the system. In modeling ewes grazing western

Oregon hill pastures, very little information was available about

grazing behavior, nor were accurate data available for pasture intake

at different ages and physiological stages and by different breeds.

Arnold and Dudzinski (1967) found breed differences among ewes for

amount of grazing time and appetite, as well as intake differences

associated with age and physiological status. They stressed the need
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for more detailed knowledge of grazing behavior. Very little is

known about the grazing behavior of young lambs. No equations could

be found in the literature to model preweaning lamb pasture perform-

ance. Langlands (1973) found breed differences in the relative

amount of milk and pasture intake in young lambs. Accurate data are

needed in this area, especially since it may provide information on

survivability of young lambs, the most critical factor in the success

or failure of a sheep enterprise. In this experiment the use of a

simulation model and economic analyses added another dimension of

information to the traditional statistical analysis of lamb and wool

production data, providing a more precise and accurate framework in

which management decisions on breed selection for hill pasture sheep

operations can be made.



TABLE 3. Least squares means for ewe weight

Least squares

Effect means

Breed of ewe

Columbia 57.4**

Suffolk 71.2

Year

1973 66.7**

1974 61.9

Age of ewe

Two 62.9**

Three 62.9

Four + 67.1

Mean 64.3

* *
P<.01 level of significance for the main effect.
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TABLE 4. Simulation results for pasture and supplemental feed dry matter (DM) intake and feed costs per ewe bred.

Year
Breed of

ewe

DM pasture
intake of
ewe (kg)

DM pasture
intake of
lambsa (kg)

Cost of
pastureb

DM supple-
mental feed

(kg)

Cost of
supplemental

feedc ($)

1973

1974

Columbia

Suffolk

Columbia

Suffolk

319.0

377.8

351.0

422.7

59.0

55.7

58.0

55.0

$ 8.69

$ 9.97

$ 9.41

$10.87

208.7

240.0

201.0

228.0

13.25

15.24

12.76

14.47

Total
nutrient
cost ($)

21.94

25.21

22.17

25.34

a
Total of all lambs weaned/ewe exposed to mating.

b
Calculated at rate of $23/metric ton, 1972-76 average.

cCalculated at rate of $63.50/metric ton, 1972-76 average.



TABLE 5. Comparison of dry matter (DM) intake estimated by
simulation and by grazing experiment

Simulationa Grazing trial

1973

DM production

(kg/ha) 4244.00 4890.00

Daily DM intake
b

Early spring 2.48 2.56

Late spring 3.40 5.77

Summer 1.82 1.65

Fall 1.00 0.34

Total DM intakeb 433.50 447.60

1974

DM production
(kg/ha) 5104.00

Daily DM intakeb

Early spring 2.60
Late spring 1.90

Summer 1.20

Total DM intakeb 487.70

5975.00

4.90
2.00
0.90

529.50

34

a
Suffolk ewe simulation results vs commercial blackface-type
grazing trial ewes.

b
Intake for ewes plus lambs, per ewe exposed to mating.

c
Grazing trial data available only through summer for 1974.



TABLE 6. Lamb income per ewe bred

Lamb wool
Breed of Kg lamb Price/ Value of incentive Total

Year ewe weaned kga ($) lamb ($) paymentb ($) income ($)

1973 Columbia 35.4 .754 26.69 .45 27.14

Suffolk 43.6 .787 34.31 .56 34.87

1974 Columbia 23.4 .754 17.64 .30 17.94

Suffolk 31.6 .787 24.87 .40 25.27

a
1972-76 average U.S. choice grade for whiteface, U.S. fancy grade for blackface feeder lambs.

b
$.58/each 45.43 kg of lamb sold.



TABLE 7. Wool income per ewe bred

Wool Total
Breed of Kg of Price/ Value of incentive wool inYear ewe woola kgb ($) wool ($) paymentc ($) income ($)

1973 Columbia 3.4 1.42 4.83 1.92 6.75
Suffolk 2.1 1.20 2.52 1.00 3.52

1974 Columbia 3.2 1.42 4.54 1.80 6.34
Suffolk 1.9 1.20 2.28 0.91 3.19

a
Grease fleece basis.

b
1972-76 average.

c
Paym nt at rate of $.56/kg for Columbia wool and $.48/kg for Suffolk wool.



TABLE 8. Net return above feed costs per ewe bred

Year
Breed of

ewe
Pasture
costs

Dry feed
costs

Wool
income

Lamb
income

Net
income

1973

1974

Columbia

Suffolk

Columbia

Suffolk

$ 8.69

$ 9.97

$ 9.41

$10.8 7

$13.25

$15.24

$12.76

$14.47

$6.75

$3.52

$6.34

$3.19

$27.14

$34.87

$17.94

$25.27

$11.95

$13.18

$ 2.11

$ 3.12
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TABLE 9. Net return above variable costs per hectare

1973 1974

Columbia Suffolk Columbia Suffolk

Gross income $33.89 $38.39 $24.28 $28.46

Supplemental feed $13.25 $15.24 $12.76 $14.47

Variable labora $ 7.50 $ 7.50 $ 7.50 $ 7.50

Depreciation (ewe)a $ 3.43 $ 4.30 $ 3.43 $ 4.30

Interest on ewe
investmenta $ 1.62 $ 1.73 $ 1.62 $ 1.73

Net return/ewe $ 8.09 $ 9.62 $-1.03 $ .46

Stocking rate/ha 11.7 10 11.7 10

Net return/ha $94.65 $96.20 -12.05 $ 4.60

a
Enterprise Cost Studies, Extension Farm Management Staff, OSU (unpublished).
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APPENDIX 1. MEAN SQUARES FOR TABLE 1 -- EWE REPRODUCTION AND PRODUCTION

Effect Fertility

Number
of lambs
born

Lambing
date

Total April
weight of

lamb
(kg)

Number
of lambs
weaned

Total
weaning
weight

(kg)

Wool'

produc-
tion
(kg)

Breed of dam .04 .95 83.0 3527.0** .91 10423.0** 123.30**

Breed of sire .09 .39 153.7 178.7 .60 308.9 -

Breed of sire x breed of dam .05 .52 90.6 383.5 1.20 890.0 -

Sires/within breeds/yeara .43 .99 232.7 373.8 .76 835.7

Year .06 2.85* 1370.0** 5486.5** 13.16** 6795.0** 1.40

Age of .dam .73 .03 90.5 291.8 .09 181.3 .94

Residual .30 .58 86.6 237.0 .52 433.8 .53

aPoo/ed MS for individual sires.
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APPENDIX 2. MEAN SQUARES FOR TABLE 2 -- LAMB TRAITS

Effect

Birth
weight
(kg)

April
weight
(kg)

Weaning
weight
(kg)

Percent
survival

Breed of dam 18.10** 814.0** 1676.0** .014

Breed of sire 13.20** 38.7 46.9 .025

Breed of sire x breed of dam 1.40 76.1 37.5 .098

Sires/bred/year 2.39 87.5 46.2 .230

Year 27.60** 1321.0** 101.9* 14.10**

Sex 18.60** 192.7 788.0** .90**

Type of birth/rearinga 92.80** 1915.0** 3059.0** 8.50**

Age of dam 2.90** 13.5 55.5 .23

Regression of trait on
lambing date 1.90 1275.0** 593.0**

Residual .61 58.3 19.3 .15

a
For survival analysis, type of birth only.
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APPENDIX 3. MEAN SQUARES FOR EWE WEIGHT ANOVA

Effect df Mean Squares

Breed of ewe 1 29421**

Year 1 4428**

Age of ewe 2 817**

Residual 786 72
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APPENDIX 4. LAMB WOOL INCENTIVE PAYMENTSa

Support price National average = Price paid/kg wool

$1.58/kgb - $1.26/kgc = $ .32/kgc

Each 45.43 kg of lamb sold = Credit for 2.27 kg of lamb
wool.

Incentive payment = 80% x $.32/kg x 2.27 kg/each 45.43
kg of lamb sold.

Incentive payment = $.58/ea 45.43 kg of lamb sold.

a
Unshorn wool sold on lamb.

b
Fixed by U.S. Congress.

cFive year averages, 1972-76.
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APPENDIX 5. Wool incentive payments - Shorn wooly

Support Price National average = Difference

Difference
National Avg.

Individual ranch's
sale price of wool

Shorn wool payment rate.

Shorn wool
payment rate

Incentive payment/
kg of wool

Incentive payment/kg of wool = .397
b

x
Individual ranch's
sale price of wool

a
Grease fleece basis.

b
1972-1976 average payment rate.
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APPENDIX 6. THE SMITH-WILLIAMS SHEEP
SIMULATION MODEL ADAPTED TO WESTERN
OREGON CONDITIONS

A. CONDITIONS FOR 1973 YEAR RUN

Set SPM = 2.31

Call 1973 weather

Set Suffolks Columbia

XLWE1 73.60 60.0

XMl 1.65 1.6

SR 10.0 11.7

B. CONDITIONS FOR 1974 YEAR RUN

Set SPM = 1.65

Call 1974 weather

Set Suffolks Columbia

XLWE1 69.0 55.20

XMl 1.6 1.55

SR 10.0 11.70

C. XLWE1 output gives ewe parameters.

XLWL1 output gives lamb parameters.
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6617 SuPPLF2 JEAL 6620 SUPPLE REAL

6622 5uPPL2 PEAL 6606 WA REAL

6607 XI JEAt 6611 AL1410 REAL

6611 v1.4E1 PEAL 6643 xLWEIN REAL

6616 xLmE2 WEAL 6654 XLNE24 REAL

6615 (Liat VEAL 6621 ALWL2 REAL

FILE NAMES 400E
0 INPUT

4102 TAPES
2441 OUTPUT 0 IAPE1 fmi 2044 TAPE2 fmi

EATERNALS TVP6
SFiING

STATEMENT LAUFLS

45G4

?? HINTER 9

6367 7 FmT 6506 0 FMT 6411 9 FRI

6211 IA 6250 It 6253 I;

6276 15 6205 16 6175 20

6411 27 6456 29 PHI 6224 50

6551 100 Fml 6550 101 Fhl

STATISTICS
PROGRAM 1.04614
!TUPPER LENGTH

501b 121
6154d 3172
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1 SIOPOOTINL HiNIEKI11I(LWEO,SUPPLE0I4LNEI,SUPPLE1,XLWE2sSUPPLE2.
1ALWLI.AL4L21

5 C
C THIS 300tCUTINE QESCRI3:S GROWTH PAITEWN3 OF EWES FROM JAN 1
L UNTIL FAiTUFE

t 1EAOEtlCc Ch MAR 14. DAILY WEIGHT CHANGES ARE LISTED, Alio
C AlouNT OF CPy FE..0 (ALFALFA PELLETS) NECESSARY To MAINTAIN

10 f. ENt:S At 111EIR OHSERVED LEVELS OF GROWTH AWE CALCULATED
A4C Fcd to THI FWE5, LAMOS AR/ 1106N ON TAN 10 At)) NEN EQUATIONS
FOR EWFOS FEED REQUIREMENTS AYE ESTAiLISHEO.
THIS SUJAULTINr DOES NO ATTEMPT T4 EXPLAIN 4IOLOcICAL CAUSES
OF GA001,1 FATTLRNS Al THIS STAGE OF YEAR CYCLE, OUT ESTIMATES

15 C FE-0 REQUIREMENTS FOR Ii.

C

f.
20 C mCAL uF HETATOLIIAOLE ENERGY IME) TO MAINTAIN EWE BODY WEIGHTtGAIN.

C 250 GREAT PEA 0.1Y OUTING LATE GESTATION = ,18 LN.75

C 1 KG OF ALFALF PELLETS HAVE 2.00 hCAL OF ME
25 C.

C

KINFON -.XL140 Y ,25
IF 1h.LE.301 ALNSIN = ALWEI t .25
IF 1n.LE.J01 XLME2,1 = XLNE2 t ,25

JO SuFFL=0 = 1.102 4KLWEO.7511/2.0
If 1io-g,3(1) .$4FP441 ItTaVI441,1IMI(2!11
IF (N.LE.301 SUPPLE2 = 1.1821XLWE2.7511/2.0
IF (K.LE.301 GO TO 11
IF 1h.E0.311 xLivEtiv = A1NE1 - 10.0

35 IF IN..A.311 ALWE2N = ALWE2 - 15.0
IF 1N.E0.311 GO TO 10
IF 1N,GE,32I XLNELN = ALNE1 7,040
IF 1N.CE.32) ALNE2N = gEwL-2 -.000
IF IN.GE.32) ALWL1N = ALWLI Y .25

40 IF IN.GC.321 ALWL2N = ALWL2 Y .225
10 SUFFLEI = 1.251.112IALWEI.751/

SUPPLE2 = 1.425.4.112IALWE2.7511
11 IF IALWLI.E0.0.0 )(04!4N . 4.0

xL4L2N = 11,0
45 XLNCJ = )11.1,EJN

KLNE1 = (LWELH
xLmE2 = 511412N
ALwl1 = ALWEIN
XLWI2 = A142N

50
I.

f. LIVEW=AGHT OF LAII ifhim AS SINGLE = 4.3 KG,LAN8 TORN AS THIN =3.4
C KG AT OTRIF.

IF IN.E0.311 ALNLI = 4.1
IF 4N.L0.311 ALWL2 = 3.4
IF 1N.E0.731 AiwEo = 0.3
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TF

ENO

sYmnoLrc RircFFNrJ .AP (4=11

"rqY PUINTS
3 NTNTER

VARIAILFS SN TYPc RELOCATIO4
N INT(GER F.P. 0 SUPPLE(' REAL F.P.

o suPpLEi gEAL F.P. 0 SUPPLE2 REAL F.P.

0 xu4Lo FAL F.P. 166 XLNEON REAL

0 3tWE1 Pint F.P. 167 XLWEIN REAL
xlvic2 Rc_AL F.P. t70 XLWE2N REAL

0 XLNL1 SEAL F.P. 171 XlNL1N REA!.

511412 .'EAL F.P. 172 XLNL2N REAL

STATEMENT LABELS
104 10 116 tl

STATISTICS
PROGRAM LENGTH 1734 121

2
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1 Suui,001141. 1,RINc(H2OIN,EJAP,su,,HI,Hwi,NA,AI,FI,xLmEI,ALNE2,
TALwLI,SurPLI,LLHL2.SUFPL2.SPm.Sil.IEF,Fw.OT,F01.SF,H20W2,F02.
ISI2,ETAA)

1.

C TH1= ITRRQIIIHL SIMULATES' THE GROWTH OF OSU HILL PASTIA,E OURING
C THE GRA7ING SEASON FROM ApPROx mAFCM 15 TO NOv. 15 ANO THE
f. GRoo-H FATIERNs Arlo ENERGY INTAKE OF EWES AND THEIR LOWS.

10
6
C

15 C THIS Stid9ULITNE ATTEMPTS To PRoVIDE A OUANTATA110 BIOLOGICAL
r. FxFLANATICn FOR THE GROWTH OF THE PASTURE ANO OF THE EWES ANO

C
C

25 C NERPACE HEIGHT ANO SOIL MOISTURE EQUATIONS

C

C

C XL LEAF AREA INDEX 142/m21
25

.00147dmi

Xx = COEFFICIENT USER TO DETERMINE NHAX
C

xx = .Sy - 1,00017SUNI
C.

C WMAA = MAXIMUM HERRAGE GROWTH RATE WITH ONLY SUN LIMITING (KG /HA/
C oAyl
C

15 wmAx = 250,0.11,0-EXP1-00475u411
C

f. 4P = Pg4411A1 HF.P14fiE GROWTH RAIL WITH tg!!! AREA INDEX AND
C SUN LIMITIAG (KG/HA/JAY?
C

40 WP WMAA(1.0-EXP1-1..XRXLIT
I.

C Stiff . SOIL MOISTURE MULTIPLIER.. USEO 10 ESTIMATE THE RELATIVE
C AMOUNT OF rOISTuRE AlATCLE fi-4!4! GROWTH

45 Smm = 1.0 -1API-1.11*(5Ni-2.111
IF ISmi.LT.0.01 Smti = 0.0

vALLE Of SFHISOIL PR)OUcTISIFY MULTIPLIER' IS LOWERED IN THE
C FALL AS A CORRECTION FACTOR FOR DECREAsE0 SOIL TEMPERATURE ANO

50 f. NAILRAC DORMANCY OF PASTURE SFECIES.
C

IF IN.G1.2301 SPm = .29
f. WA = ACTUAL S40wTH LATE OF PASTURE IKG/HA/OAV1, WITH LEAF AREA
C THOFA, SUN. AND SOIL MOISTURE, CID SOIL PRODUCTIVITY A$ LIMITING

55 L FACTORS
I.

WA = WPSPMSMM
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f. HwZ = wEiGt7 OF PASTukr AT TINE ftlEKG/HAI,INAT IS. 111* TOTAL
f. 014r*Y mATUR WTI 3F THE PASTUEE ON THAT 051. It EQUALS THE TOTAL

60 C wEIGHT CF II 0,/EVIOIS avf 6,u-)writ - GRAZING - UPROOTING
f.

HH2 = Hwt 41,1A-DEF-R41*It
C

EIF0
65 G RATIO CF POTENTIAL EV4w0TmANSPIRATION TO OPEN PAN EVAPORATION

C

.rio = Amiul(1.0.0.5.4ALio

C Lac( = RA1I0 OF POTENTIAL EVAPOTRANSPIRATION TO ACTUAL EvAPO-

70 f. TRANSPIPATION
f.

LAET = A116111.0.-0,8 t. .5f1Sm1tRAIN11

E4 = E.:tuAt EVAPOTRANSPIRATION 10M/01111
75 f.

EA = ORke'.4T0:1'4Er

C Sm2 = SOIL MOISTURE Al TINE 141
532 ANIN115.0.SH1 t TRAIN-EWOT1

10

f.

HFFPAG4 REPOVE0 4Y 4iqft!P.
f.
C

85 1.

C POW = PLANT DENSITY MULTIPLIER
POW = ,063*FDT

90 C OPO = RATE OF CHANGE OF PLANT DENSITY. THIS MODEL ASSUMES THAT
C Pw(LOSSES CUE TU UPROOTING, HILL OCCUR ONLY DURING PERIOD
C OF EARLY EPERGENCE

IF 1N04*844 OPP = -!P*10-0:045.Y4-7411'IR.fP1
95 IF 1N.GT.841 opa = 0,0

C.

C. PH . LOSS OF HW OUE TO PLANTS BEING UPROOTEDEKG/HA/DAI
1.

PH . -1HWI/P111.0P0

440 f.
C DEE = DEFOLIATION ay GRAZING SHEEP EKG/MA/DAVI

ULF = SW*EPAX011.0-EXPI-0. 0009*NI.HH111
f.

105 C P02 = PLANT OENSITY AT TIME It 1 TPLANTS/0021
C

P02 . P01 * apo.oi
C

C

110
C EQUATIONS FOR PASTURE HEIGHT
f.

IF tHA.ED.u.d1 Gil TO 44
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115
ars . RATE CF PHANGE OF FlIGHT CF FASIURE1CmZOAI

C

OH . I.CiE- 3.161JEF/WAI
IF 144.Gr,d01) GU TO 100

120 5i OH = 0.6

H2 = HEIGHT OF PASTURE ICMI AT TIME Icl

100 H2 . AlAX110.54,111.1rjT1
125

C LTVGREIGHT OF SHEEP

/30

C XI = IITAKE OF PASTURE 3Y GRAZING SNEEP,PER EWE/KG/HA/0AI
C

XI = 10EFF 1.75PW11/SR
135

XLEV = NEOLCTIUN IN DIGESTIBILITY OF PASTURE ONE TO LEVEL OF
C INTAKE
C

4/0 = OW44
140

C PSIO = FROFORTION OF SILICA IN FECES
C

PSIO = EXP11,0005-00096HIHW111

HATTER olcksIgoltAry OF .pASTUNE,A0JUSTE0 FOk SEASON

IF16.LE.1811 0 = .402-1,17PSI0-X/EV
IF 11.61..1811 J = .65 - .17PSIO - ALES

C
150 C mFT4iuLizAet. ENERGY OF FEEL) 1 MCAL/4G1

XME = 3.6*0
C

C El = ENERGY INTAKE OF GRAZING SHEEP IRCAL/HAZOA1
105

Cl = AXME
C

C XMORYI=PAIkTENANCE REOMT OF EWE THAT FIORE ONE LAMB IMCALZHA/010
C

163 0110101 = .1321XLWE1.Z51
C

C XMORY2 = MAINTENANCE REQMT OF EWE WITH TRINSCOICAL/HA/0A1
XI0402 = .13!.1ALWE2,751

165 f. xiI,X12 =LACIATION REOMTS OF EWES NURSING ONE Alia TWO LAMBS/
C REPEGfIZELY IMCAL/HA/04

AM1 = 1.5)MaRYI
XM2 = 1.35X10k/R

170
C XKF = COCF OF EFFICIENCY OF UTILIZATION OF ENERGY FOR GAIN
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at FO* LACIATIuI4 ,, A 4EASLWE OF FEL NET ENERGY Of LACTATION AVAIL
tKE . 0.16 4.63.01

175 1

C = GI =J2 = C4L4iIFIC vAL44c. OF ANI4 L TISSUE ANAOOLI1EDINCAL/KG1
Cl t .11ALWEI
C? = 4 3ALK2

181
L OLNLI,OLYIL2,aLw,E.ILWE2, A.E HAILy CHANGE IN HEIGHT Of SINGLE

LAP.,T414 LA48,EwE W.SINGLE,ANO EWE WIwiris,RESplicGioAl

105 C OUrtib4; LACTATION, WEIGHT GAIN OF LA44 IS ESTIMATED TO COLE FROM
nIFFERLFw2E OETHEEN E INTAKE BY tra ANO HER ORV LEVEL MAINTENANCE

f. REort

C

190 01011 = sEj-xmORY!)!xecr/Cc!
01012 = .4E1-X405Y2404KF/C21

C AFTER LANDS HAVE BEEN WEANED, THE ENERGY EWES
HERE USING FOR LACTATION NOW GOES INTO THEIR OWN WEIGHT GAIN.

C AFTER AN AOJUSTMENT PERIOD THEIR FEEL INTAKE WILL LEVEL OFF
19) C ANO THEN DECREASE TO ORE EWE LEVEL ANO WEIGHT CHANGES WILL

QV(

If IN.67.2001 OLWE1 = .5IDLwL11OLWL21
200 IF IN,GI,2001 01_4E2 = OiBLWII4421

IF 4N.GT.2001 GO TO 10
IF 141,411.EC.4.41 QT. t f OLYLI
IF 1XLYILL.E0.0,01 GO TO 10
IF 4ALwLe.to,O.Q1 0A4A2 =DLwL?

205 If 1ALwL2.E0.0.01 Ga To 11

L

210 C

IF4ILwLE.LI.,21 CALL FEE011N.OLWLI,ALWLI,SUPPL1)
If 401 1412.41,421 CALL FEE021N,OLWL2,XLWL2,SUPPL21

C
C PAI.;INq LACTATION WEIGHT LP5s Of EWES IS ESTMATEG FROM PIFfgi?E!,C

215 C B,TwEEN E INTAKE AND LACTATION REcuifiErENTS
C

OLWE1 =1E1-W411/5.5
OLWE2

10 ALwEIN = ALWEI * tOL4E1011
220 11 ALWE2N = x11,52 t (lidic4nT!

XL WE1 = ALFEIN
AL14E2 = ALwE2N
xLWL1N = 211411 10LHLIYOTI
xLwL2N = XLWL? OLHL2.41

275 IF IALI4LI.E0.0.01 xLWL1N = 0.0
IF I(Lw!-2,0,[1,41 4,0,0 !' 419

ALWLIN
ALWL2 = 211.1211

4
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210 LAsei Ear: PAANTU IA 110 INN. IF THEY ARE LESS INN 45 KG THEY HILL

60 IkIU AGPITIONAL FEEDING PEAINOINOT NODFLLCO NEAEI

f.
IF 1NEY 4kE HONE T041 45 K6 THEY HILL GO OIREGILY TO MAFKEI

C

235
IF xLNLI =XL4L2 . 0.0

INC

SynTOLIC

FNIty oNINTS
3 SPPINC,

VAilAOLES SN

k:FFPFNCE

TYPE

MAP 18=11

RELOCATION

422 Cl PEAL 423 C2 REAL

411 O kEAL 0 OAF REAL Fee:

410 ON FEAL 426 001E1 REAL

427 CLOE2 PEAL }24 OLRL1 REAL

.25 01412 PEAL 407 0Pa REAL

0 01 EFAL F.P. 485 EA REAL

404 FACT kEAL 0 El REAL F.P.

1 EMAA PEAL PIP. 1,03 MO REAL

0 P-VAP PEAL F.P. 0 NNE REAL F.P.

Q 10/ k=4 F.P. HI REAL F.P.

0 H2 REAL F.P.

_0
0 N INTEGER F.P.

406 POH REAL 0 P01 REAL F.P.

0 PD2 PEAL F.P. 442 pS40 REAL

0 PH PEAL F.P. 4 RAIN REAL Fee.

402 SNI PEAL 0 SHE REAL F.P.

0 3012 R4-Q1. ftPs 0 SP REAL F.P.

0 SR PEAL F.P. 0 SUN REAL

0 SUPPLE PEAL F,P, 0 SUPPL2 REAL F.P.

0 WA PEAL F,p. 400 WOK REAL

401 HP PEAL 0 XI REAL F.P.

III Kir MEAL 421 OKF REAL

376 AL PEAL qcY REAL

0 XLHEI PEAL F.P. 430 ALHEIN REAL

0 ALHE2 REAL F.P. 431 ALNE2N REAL

0 KINLI PEAL F.P. 432 XLNLIH REAL

0 ALwL2 PEAL P.P. 433 ALNL214 REAL

415 )(Irv-vet PEAL
416 xti0Ry2 REAL

04 KN.1 PEAL 97 )(11
REAL

420 )012 PEAL

EATERNALS TYPE- 48GS

CAP PEAL 1 LIICARY FEE01

FEE12 4



SUA.rCNI/Nt PI/11 TJtri uer=t FfN 4.71.41d -r?,01/tn. 10.112.41 PAGE 'A

SNP:t1NTINE F.F.,014N,1LNLI..XLWLI.SNFPLII
Tr LL A1,.AL

IF ocLwLi.ci.u.o) AlcAL 110-1JLNLI/.25611*.ed,CALNLI*..751
SOFFIT XPC4Lt.il

5 OLNL1= .25
RETWIN
ENG

SYmIJOLIC k,FcRENCE MAP f-R7.11

ENTRY POINTS
I FEE01

VARIAOLES SN ITPE- -RELOCATION
0 OLNL1 REAL E.P. 0 N INTEGER UNUSE0 F.P.

0 V P.P. 4 ALRLi REAL P.P.

36 XMCAL PEAL

STATISTICS
F-ROGRAn-LENGTrr- 373 St

CI



14

SwiRouTiNE FL1 1r refrs OPT.I FIN v.9.-410 TF/01/16: 16.02.44 PAGE A. c

1 SuggfOrlIE FEE02114.1LoL2.ALNL2,S(JPPL21
.L

IF IcLwLe.cl.e.a, Ae,-;AL = (1.1.-(oLeLe/.251)*.za.ixLwLe,,..75,
SuFF1.2 .-ame81/3.11
niA,L2 = .2t0
RE TCAN
ENO

SYNIOLIC FEFLRLNCE mAP 1.4.3)

EN1RY POINTS
3 rLro2

-----VAR/ARLES SN TYPE
0 01412 PEAL
U

36 XNCAL
KLAL
EAL

arLocAirnm
FP
ror4

N
0 ALWL

INIEGER UNUSED F.P.
MI.

STATISfiCS
PROGRANLfNGTH TO

r.)

01

a P4
00


