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Abstract approved:

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 937 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<.0l). 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 eye bred per year than
lambs born to Columbia ewes (P<.0l). 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 conditioms.
At the start of mating, Suffolk ewes averaged 71.2 kg vs 57.4 for
Columbia ewes (P<.0l1). For 1973, Columbia ewes and their lambs coﬁ—
sumed 378 kg dry matter (DM) of pasture and 208.7 kg DM of supple-
mental feed for a tofal 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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CROSSBED LAMB PRODUCTION FROM COLUMBIA AND SUFFOLK EWES
I. EWE PRODUCTION AND LAMB TRAITSIL,2

J. M. Levine3 and William Hohenboken3

lTechnical Paper No. 4681, Oregon Agricultural Experiment Station.

2
Contribution to North-Central Regional Project NC-111, Increased
Efficiency of Lamb Production.

Department of Animal Science, Oregon State University, Corvallis.

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<.0l). Lambs sired by Finn rams weighed .5
kg less at birth than lambs sired by the remaining three breeds of
sire (P<.,0l1). 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).



weaning weight was 8.2 kg greater per ewe bred per year than lambs
born to Columbia ewes (P<.0l1). 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
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sheep operation, and the Suffolk ewes either were raised in the 0SU 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,vApril and weaning weight per lamb were then adjusted to a
common male equivalent and to a mature eye 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
weight of lamb per ewe exposed per year. Breed of dam, breed of
sire, breed of dam x breed of sire interaction, and yeér 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 937, lambs born per ewe

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



RESULTS AND DISCUSSION

Least squares means for eye 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 ywas not significant, there were highly
significant fertility differences among mates of individual Dorset
and Finn rams in 1974. 1In 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 0SU, 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



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 envirommental 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



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 iambs born in 1974. The régression
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<.0l). The regression of weaning weight on

weaning age was .103 kg per day (P<.0l). 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 geﬁetic
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<.0l). 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 enviromment 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 presentea graphically in figure 1.

Breed of sire and the breed of sire x breed of dam interaction
effects were not significant. Lamﬁs 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.



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.
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TABLE 1.

LEAST SQUARES MEANS FOR EWE REPRODUCTION AND PRODUCTION

Total April Total Wool
Number weight of Number weaning produc-
of lambs Lambing lamb?@ of lambs weight?@ tion
Effect Fertility born? dateb (kg) weaned?2 {kqg) (kg)
Breed of dam:
Columbia .94 1.35 47.0 19.7%* 1.14 29.4%* 3,34+
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 1.40 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,

Mcasurced as nunber of days born aftoer December 31 of previous year.

*
P<.05.

*
P<.0l.

[



TABLE 2. LEAST SQUARES MEANS FOR LAMB TRAITS

Birth April Weaning
weight weight weight Percent
pffect (kg) (kg) (kq) 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 % 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%* L93**

Twin/singleb - 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 .B7

Four+t 4.4 18.4 28.6 .Bl1
Regression of trait
on lambing date: .005 15%* .103** -
Mean 4.2 18.4 29.0 .83

8por survival analysis, type

bThis category also included
or singles.

*
P<.05 level of significance

*k
P<.01 level of significance

of birth only.

‘'a small number of triplet lambs raised as twins

for the main effect.

for the main effect.

13



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) .
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CROSSBED LAMB PRODUCTION FROM COLUMBIA AND SUFFOLK EWES
II. SIMULATION OF THE SHEEP FLOCK; NET RETURN PER EWEL,2,3

e 5
J. M. Levine4, William Hohenboken4 and A. Gene Nelson

1Technical Paper No. 4682, Oregon Agricultural Experiment Station.

2 .
Contribution to North-Central Regional Project NC-111, Increased
" Efficiency of Lamb Production.

3Assistance of Martin Dally, Oregon State University Animal Science
graduate student, in price determinations is gratefully
acknowledged.

Department of Animal Science, Oregon State University, Corvallis.

5
Department of Agricultural and Resource Economics, Farm Management
Extension Staff, Oregon State University, Corvallis.

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 gonditions. At the start of mating, Suffolk ewes averaged
71.2 kg vs 57.4 for Columbia ewes (P<.0l). 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)



17

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 pPer 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 Romneyr
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 (Sﬁith 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



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) 715

19
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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 thét 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). 1In 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 (0SU) 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 (Sidwéll
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 produétion 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. 1If 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‘.S 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



26
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
0OSU 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



(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). 1In
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%%

sSuffolk 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.

DM pasture DM pasture DM supple- Cost of Total

Breed of intake of intake of Cost of mental feed supplemental nutrient

Year ewe ewe (kg) lambs? (kg) pastureb (kg) feed® ($) cost ($)
1973 Columbia 319.0 59.0 $ B.69 208.7 13.25 21.94
Suffolk 377.8 55.7 $ 9.97 240.0 15.24 25.21

1974 Columbia 351.0 58.0 $ 9.41 201.0 12.76 22.17
Suffolk 422.7 55.0 $10.87 228.0 14.47 25.34

aTotal of all lambs weaned/ewe exposed to mating.
bCalculated at rate of $23/metric ton, 1972-76 average.

®calculated at rate of $63.50/metric ton, 1972-76 average.
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TABLE 5. Comparison of dry matter (DM) intake estimated by
simulation and by grazing experiment

Simulation® Grazing trial
1973
DM production
(kg/ha) 4244.00 4890.00
. . b
Daily DM intake
Early spring 2.48 2.56
Late spring 3.40 5.77
Summer 1.82 1.65
Fall 1.00 0.34
Total DM intakeP 433.50 447.60
1974
DM production
(kg/ha) 5104.00 5975.00
Daily DM intakeb
Early spring 2.60 4.90
Late spring 1.90 . 2.00
Summer 1.20 0.90
Total DM intakeb 487.70 529.50

45uffolk ewe simulation results vs commercial blackface-type
grazing trial ewes. '

bIntake for ewes plus lambs, per ewe exposed to mating.

cGrazing trial data available only through summer for 1974.



Lamb income per ewe bred

TABLE 6.
Lamb wool

Breed of Kg lamb Price/ Value of incentive Total
Year ewe weaned kg@ (3) lamb ($) - paymentb (S) income ($)
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

a1972—76 average U.S. choice grade for whiteface, U.S. fancy grade

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

for blackface feedexr lambs.
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TABLE 7. Wool income per ewe bred

Wool Total

Breed of Kg of Price/ Value of “incentive wool in

Year ewe woola kg (3) 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.

b1972-76 average.

cPayment at rate of $.56/kg for Columbia wool and $.48/kg for Suffolk wool.

ot



TABLE 8.

Net return above

feed costs per ewe bred

Breed of Pasture Dry feed Wool Lamb Net
Year ewe costs costs income income income
1973 Columbia $ 8.69 $13.25 $6.75 $27.14 $11.95

Suffolk $ 9.97 $15.24 $3.52 $34.87 $13.18
1974 Columbia $ 9.41 812.76 $6.34 $17.94 $ 2.11

Suffolk $10.87 $14.47 $3.19 $25.27 $ 3.12

LE



38

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 labor® $ 7.50 $ 7.50 $ 7.50 $ 7.50
Depreciation (ewe)® $ 3.43 - $ 4.30 $ 3.43 $ 4.30
Interest on ewe
investment?® $ 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 S 4.60‘

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

Total April Total Wool’
Number weight of Number weaning produc-
of lambs Lambing lamb of lambs weight tion
Effect Fertility born date (kq) weaned (xq) (kq)
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 86.6 237.0 .52 433.8 .53

.58

Bpooled MS for individual sires.

Y
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APPENDIX 2. MEAN SQUARES FOR TABLE 2 -~- LAMB TRAITS
Birth April Weaning
weight weight weight Percent
Effect (kg) (kg) (kg) 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** 132).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

aFor survival analysis, type of birth only.



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

46
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APPENDIX 4. LAMB WOOL INCENTIVE PAYMENTS®

Support price - National average = Price paid/kg wool
$1.58/kg” -  $1.26/kg® = § .32/kg®

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

Incentive payment
kg of lamb sold.

80% x $.32/kg x 2.27 kg/each 45.43

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

aUnshorn wool sold on lamb.
b...
Fixed by U.S. Congress.

“Five year averages, 1972-76.



48

a
APPENDIX 5. Wool incentive payments - Shorn wool

Support Price - National average = Difference

pifference

National Avg. = Shorn wool payment rate.

Individual ranch's % Shorn wool . Incentive payment/
sale price of wool payment rate kg of wool

b % Individual ranch's

I ti t/k £ = .397 .
ncentive payment/kg of wool sale price of wool

a .
Grease fleece basis.

b1972—-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
XIWE1l 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 Colurbia
XLWE1 69.0 55.20
XML 1.6 1.55
SR 10.0 11.70

C. XIWELl output gives ewe parameters.

XLWL1 output gives lamb parameters.
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1 PROGRAM SHEEP CINPUT, OUTPUT TAPEL=INPUT, TAPE2=0UTPUT, TAPET)
€
c
c
5 c PUN NUMBER CNE, SHEZIP FLOCK SIHULATION
C
c DETERMINISEIC MOJE WITH WEATHER QATA FROM 1973,
c
A

190 RﬂIN=EvnP=SUN=H1=HH1=HA=XX=EX=XLHtO:SUPPLEO=KL&El=SUPPLEl=lL“Ll
L= XLhi2=SUPFLE2=SUPPLL=XLHLZ=SUPPL2=0.0

15 WRTITE HEAUINGS FOR STATE VARIABLES
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. RRITE2y7) o e
20 7 FORMATOLHL +18,2DAYZ,T18,#RAINZ,T29,#SUNA, T38,#4PAST. HT.2,T51,
12PAST, HT.#,T65,2GROMTH RATES, T84, #PAST. INTAKEZ, T103,2E. INTAKE
LIPASTURED #)

NRTTEL24 9} ' i
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25 . _uesg(xqma__/un_u,]au.sgxﬁ/susmunuol.:mcnugus/nu:p
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27 FORPATILHL T8, 20AY2,F15,20RY EWE £, T28,2SUPFEED2.T39.2SING.EUES

1,751, 2SUPFEEUL, THO 2ENF “.t.llk.lSUPFEED¢.lob.!SlNGLEt,YQ'.
l‘SUPFEiDt'1109.!THIN‘.IllQ.‘SUPFE(O!l
33 MRITEE3,29})
29 . FORMATULH (T15,#WT. (XGI£,T28,#CKGI2 TIy£NTING) £o 151, 2LKG) 2,
ll&o.““lNS(KG't.YYu.lIKG)‘.Tdb.‘LlNBIKGIt.IQ?.t(KﬁitllOQv
L12LAMIIKGI 2,¥122, 2(KG) 2}
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c
c
c AEGIN RUN FOR THE YEAR, -

[ RiAC FRO4 CATA FILE €0R DAY NF YEAR,AHOUNT OF RATN,AHOUNT oFf
c OPEM PAN EVAPORATINN (EVAP), AMOUNT OF SUNSHINE (CAL/ZCHZ)

w0 c
c
2
8

] REAC(1,BIN I KoM
FORMAT(WITI,2X))
IF K.c0.8) VAP = ,169
45 IF (K.EQ.8) GD TO 16
EVAP = ,00254°K
16 SUN = ™
RAIK = .025u%1}

S0
PASTURE IS ASSUMTN ¥9 E4SFGE UM 0AY 73 OR MARCH 1G4,
FRCW JaN 1 T0 »AOCY it cWE; ARE KEPT IN DFY LOT ANO
FEQ IN SUBROUVINF ALMTER, THEY ALSO LAMR QURTIG THIS TIME.
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OO NICOn

EWES AE REMIYID FRA4 THE PASTURE AFTCRA DAY 319 OF NOV 15 AND
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aao

fCcoNOooOODNACcONa

oo
P

SO0Q 0 Qo000
=

o0

[

e X

SENT 8ACK TO ORYLOT TO BF FED,

IF IN.GE.319) GO TO 13
IF INLGE.74) GO YO 12
IF (N,6T.1.0) GO T¥D 50

INITIALIZE LAMB ANN EWE WEIGHTS ON JAN. 1

Xtwil = LIVEWEIGHT OF L AM) AORN AS SINGLE

XLWLZ = LIVEHWEIGHT UF LaMg AORNH AS TWIN . .
XLHEO = LIVEWEIGHMT OF EWZ WHICH HAS FAILED TO BREED THE PREVIOUS
AUTUNN

XLWEL LIVEWEIGHT OF EWE THAT WILL BEAR A SINGLY LAHB THIS YR,

XLWEZ = LIVEWEIGHT NF EME ABOUT 10 BEAR THWINS

ALWLE=ALHL2= B.0
XLWEG= 60,0
XLWEL = 65.0
XLWF2 = 70.0

NEGIN SUARCUTINE FOR FEEDING BEFORE PASTURE EMERGENCE

CALL WINTERIN,XLHEG,SUPPLEO,XLNEL SUPPLEL JXLHE2 SUPPLEZ, ALWLL,

1XLWL2)

INITIALIZE CONDITIONS OF PASTURE SYSTEW ON DAY ONE GF EMERGENCE.
EWES WITH LAYAS WILL BE MOVED ONTO PASTURE ON DAY ONE
IN THIS RUN

IF IN.S0,73) GO TD 11

Go 0 15 . Lo - . P
HW1 = TCTAL WEIGHT OF PASTURE ON DAY ONE OF EMERGENCE {KG/HECTARED
HWt = £09.0

SoM 2 SOIL PRODUGFIVITY MULTIPLIER, A ODIMENSTOMESS COFFECTION

FACIOR THAT ALLOWS THIS MONEL TO RE USED UNDER UIFFERENT
CONCITIONS OF SOTL FERTILITY ANO TENPERATURE.

SPMN = 2,31 _ . . oo . N
EMAx = MAX. AMOUNT JF PASTURE (KG) THAT LACTATING EWE WILL GRATE
Ti ONE DAY

EMAX = 2,93

SM1 = CHM OF SOIL HOISTURE IM 0P 30GM. 5.0 = FIELD CAPACLTY
SM¥1 = 5.0
NEF = K65 CF FASTURI/HECATWKE FEMOVED BY GRAZILNG

0FF = 10,0
Puz4c:0UCT TON TN GRIWTH RATEIXG/HA/Z081 OUE TO FLANTS BEING
UERCATEC 4y GFAZING SHECP,

PH = 0.0

07 = JUE DAy

Dt = t.0

PUt = OLANT CHMIRGENGE DENSITYIPLANTS/ M2}
PNL = 20,0

16
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SUFFLZ) = (.U
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C
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Cc SFRING SEASON,FEN TO GAIN 250 GRAHMS/ZDAY
[ SUFPLER2 = FLED REAMT FUR EWE THAT RAISED THWINS THE PrREVIOUS
o
C
13 SUFPLEL = (,lSi'(LREl".’il/Z,O
SUFFLEZ = (.182% (ALME2%*, 791} /2.0
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C
P
c
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ENTRY POINTS
6153 SHLi#

JAR[ARLES SN TYfc
L6322  DEF FEAL
6610 EI FTAL
6602 Fvar FIAL
6640 HW2 iat
6637 H2 WEEL
6625 K INTEGER
6623 N THTEGER
6o4t  POD2 REAL
6601 RAIAN ~EAL
6602 SM2 FEML
6636 SR FEAL

6612 SUPPLED  RFAL
6617 SUPPLEZ  FEAL

6622 <SuPPL2 FEAL
6007 X1 [0
6613 YLMcl KEAL
6616 XLWE2 ~Eat
6615 (LHWLL FEAL
FILE NAHES HODE
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EXTERNALS TYPE
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6€2¢6
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6621
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EMAX
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]
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PH
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SUN
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XLHELIN
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FHI
Fnr

FIN L.5¢610

REAL
REAL
REAL
REAL
INVEGER
INTEGER
ReAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TAFEL Fur

ne
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1 SHARGUTING BEHTRR U (LHZ0,SUPPLED ALNEL, SUPPLE L, XL HEZ SUPPLEZ
TALWLL ALHL2)

[
3
5 C
¢ THIS 3HBICUTINE NISCKITIS GROWTH PATTERNS OF EWES FROM JAN 1
5 unTlL PASTUFC
[ tAERGCHCE Ch NAR 14, NDALLY WETGHT CHANGES ARE LISTED, ANY
o AHMQUNT OF CFy FESN (ALFALFA PELLZITS) NECESSARY JU NAINTAIN
w c EWesS AT THEIR OBSERVID LEVELS OF GRONTH  ARE CALCULATED
[ AdC Fc) Tu Trir EWES, LAMAS ARL JOFN ON JAN 30 Ayd NEW EQUATJONS
r FOR £WF#S FEED RFAUIREAENTS 4kt cSTAALISHEN,
€ THES SUJRULT{HL NOES NOF AJTEMPT TO EXPLAIN 3I0LOGICAL CAUSES
c OF GROWTH FATTCRHNS AT THIS STAGE OF YEAR CYCLE, AUT ESTIMATES
15 c Fcon WAUIREMENTS FOR IT,
C
C
c
r’ . FPI,
20 C MCAL UF HMETAIOLI ZABLE ENERGY (ME) TO MAINTAIN ENE BODY WEIGHT¢GAIN
[ 250 GRANS PER DAY UURING LATE GESTATION = ,182°¢ LW®*,75
c
[ 1 KG OF ALFALF PELLETS HAvVE 2,00 MCAL OF ME
25 C
C

XLWEON =XLkEQ ¢+ ,25

IF (MeLE,30) ALWILN = ALHWEL ¢ .25

IF (N LE(30) XLWE24 = XLHEZ ¢ .25
30 SUFFL2D = (4182 * (XLHWEQ®*.75))/2,0

IF (heb€£430) SUPPLEL =

IF (N.LE.30) SUPPLE2 = [,182%(XLWE2**,75

IF (M.LE.30) GO TO 1t
IF INJEQ.31) XLWCIN =

ALWEL = 10,0

35 IF IN..Q.31) aLWEZN = XLHEZ - 15,0
IF (N.EO.31) GO TO 10
IF {N.GE,32) XLWELIN 3 ALWZ1 =048 -
IF IN.GE.32) ALWEZN = (L ME2 =-.0060
IF IN.GEC32) XLHLIN = ALWLE ¢+ .25
40 IF IN.GCEs32Z) XLWL2N = ALHWLZ ¢+ ,225
19 SUFFLEL = §,25%C 1352 (KLHEL®*,75))
SUFPLE2 = 1.425%¢.132% (XLHZ2**. 75
i IF (eHL1.EQ.0.d) WWHLIN = 8.0
IF(HL2.6Co0.0) XKLWL2N = 0,0
45 Xeheld = XLhEON
XLWEL = SLWELN
XLHE2 = XLHWL2K
ALWLL = (Lwlan
XLwi2 = al®l2n
50 ¥
%
[% LIVEWTIGHT OF LAY3 30RN AS SINGLE = 4.3 KGoLAHB 30RN AS THIN =3.4
c KG AT QIRTF,
r
55 IF (NJEQ. 31} ALWLL = 4,3
IF (6.c0.38) ALWLZ = 3.4
IF INJEQ.73) ALWED = 0,3

2lee3. 04

£2182% (XLALL®*,15)0/2,0 : e
1)/2.0
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PROGRAHK LENGTH
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SUNRQUYTNe SPFING 723712 wT=1 FIN L,5¢010

1 SUNECUTEHE SOXING Oy RATH (E JAP ,SU§ ML HHE WA X T F Ty XLHEL ¢ XLHEZ
LALHLESSUPFLL ALHLZ ySUFPLZ 3P4, SH41,0IF (FW 0T, FN1,S6,H2,HH2,F 02,
M2, 14X)

THTS SUARQUTINL STHULATES THE GROWTH OF OSuU HILL FASTUFE AURING
THY GRAZING 3ScASOH FROM APPROX 4ARCH 15 TO NOV, 15 AND THE
GRONTH PATIERNS AMD CNerGY fHTAKE OF EWES AND THEJR LANMBS,
10

THIS SUJDROULYINE ATTEMPTS TQ PROVIDE A QUANTATATIVE BIOLOGICAL
EXFLANATICN FOR THE GROWTH OF THE FASTURE ANQ OF THE EWES AND
LAMRS,

249 HERPAGE We J6HT ANO SOIL MOISTURE EQUATIOHS

LEAF ARCA INDEX (M2/M2)

Xi

OOOCODNONDOC DO IO T

25
XL o= J00147%rN1

XK COCFFICIENT USEd TO DETERMINE WMAX

oon

50 XK = .54 = §,00037%SUN}

DAY}

s N el e al

15 WHAX = 250,8%(1,0-EXP (-, 0027*SUN}}

WP = PUTENTIAL HERIAGE GROWTH RATE WITH LEAF AREA INDEX ANO
SUb LIMITING (KG/HA/ZJAY)

ofD o

40 HP = WMAX®* (1, 0-EXPL-1,%XK*XL )}

SMM = SOIL MOISTURE MULFIPLIER.s USED T0 ESTINATE THE RELATIVE
ANQUNT OF FOTSTYRE AVATLAZLE FOR FLANT GROWIN

IxReRalel

45 SMH = 1.0 ~EXPi-1.53%(SH1I-2.00)
IF (SM4,LT.0,0) SHM = 0.0

VALLE OF SFHISOIL PRIBUCTIVITY NULTIPLIER) IS LOWLRED IN THE
FALL AS & COXRECTION FACTOR FOR DECREASEN SOIL TEMPERAVURE ANOD

59 NATURAL NORMANCY OF PASTURE SFECIES.

omHhonHn

IF IN.GT.2300 SPM = .29

WA = ACTUAL GRUWTH ATE OF PASTURE (KG/HA/DAYM, WIVH LEAF AREA
TWwNFx, SUN, AND SO0IL HOISTUKE, AidD SOTL PROOUCTIVITY AS LIMITING
FACTORS

o
w
s Balalel

HA = HPYSPMYSHMM

WMAA = MAXTHUM HERBAGE GRONTH RATE WITH ONLY SUN LIMITING (KG/HAZ

77705731, 21.63%.04 PAGE 1
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SUMROUTING Seellh 18728 arT=1 FT cobeald T7/035731. 2143,04

IxEelalel

e R xR x i o

o™

e Re Nl v liel [z e Ne N olte N+

o6 o6 D il o Rel

~annaSe

HW2 = WELGFT OF PASTURT AT FIMc Te1(XG/HAN,THAT IS, The FOTAL
DA4L0RY MATIES Wi OF THE PASTUKE ON THAT DAY. [T EQUALS THE TOFAL
WS IGHT CF Tk PREVIOIS daY ¢ GRINIH -GRIAZING - UPROOTING

HHZ2 = HWL +(4a-0FEF=PH)*OT -

eled =
SATIO COF FOTENTIAL ZVAPOTANSFIRATION TO OPEN PANM EVAPORATION

CTc0 = AMIPI(1.0,0.5¢F {ennt®xLid

LALT = RAIIO OF POTENFIAL EVAPOTRANSPIRATFON TO ACTUAL EVAPOD-
TRANSPLRATION

EACT = A1IN1(1.0,~0,3 ¢ S5*{SHItRAINI}
£A = ACTUAL ZVAPOTRANSPIRATION {CH/O0AY)
EA = EYAPYETEOEAET

SM2
S12

SOIL MOJSTURE AT TIHE Ted
AMINIL5,0,SM% ¢ {RAIN-EAN*OT)

HEREAGE REFQYED AY GRAZING

PUM
POM

PLANT JENSITY MULFIPLIER
y063YFNL

0£0 = RATE OF CHANGE OF PLANT DENSITY, THIS HODEL ASSUMES THAT
PHW{LOSSES (UL TU UPROOTING) WILL OCCUR ONLY DURING PERIOD
OF CARLY EFERGINGE

IF (N,LE.B4) 0D
IF (N.GuT,. 843 DPD

$16-0,014% (N-73)) *SR¥PDY

PH = LOSS OF HW DUE TO PLANTS BEING UPROOTEO{KG/HA/DA)

PR = -(HW1/P31)*NPO

o

m
-
"

DEFOLIATION BY GRAZIWG SHEEP (KG/HA/DAY)

(=}

[

-
"

SRPEMAX*(L JO-EXP(-0.0009*H1"HHL))

PD2 3 PLANT OENSTTY AT YIME T¢ & (PLANTS/OM2)

0

PO2 01 ¢ OPO*OT

EQUATIONS FOR PASTURE HEIGHT

TF (wWALEN,U.l) GO TO 39
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115

120

125

130

135

140

145

1546

169

165

170

SUMRQUT I KE SrFING riysre uPtT=1 FIN 4,5¢510

-
c
o

memO SO0 O e

o0

on = RATC CF CHANGC OF nFIGHT CF FASTURE(CH/O0A)
OH = N, 036~ J.16°(UEF/RA)D

IF (wd,6F,d,0) KO TO 109

o = 0.0

H2 = HEIGHT OF PASTURE (CM) AT TIME Te1

H2 = AMAXL (0,54, HLeIHOTY
LTVawI(GHT OF SHCEEP

XI = INTAKE OF PASTURE 3Y GRAZING SHEEP.PER EWE (KG/HA/DAY
XI = (OEFy (. 75*PWI)/SR

XLeV = REOLCTIUN IN OIGESTIBILITY OF PASTURE OUt TO LEVEL OF
IHTAKE

XL:Y = ,02%x] . L.
PSIO = FROFORTION OF STLICA IN FECES

PSI0 = EXP({,0005-,0u096%HI%HNL}}

0 = ORGANIC HATTFR DIGESTIAILYTY OF PASTURE,ADJUSTED FOK SEASON

[FINLE.181) O = ,402-(, 17*PSIO}-XLEV
IF (4.GT.181) 0 = .63 - 17*PSI0 - XLEV

HFTAIOLIZABLc ENERGY OF FEED § HUAL/KGY

XME = 3.6%0

€1 = ENERGY IHTAKE OF GRAZING SHEEP (HCAL/HA/DAL

ET = AT*XHE

XMOYL=MAINTCNANGCE REOMT OF EHE THAT BORE ONE LAMB (MCAL/HA/OA}
AHDRYL = (132%UIXLMIL®®, 751}

XHMDRY2 = MAINTENANGE REQMT OF EWE WITH TMINS (MCAL/HA/0A)
XADRYZ = L 132%(XALHC2®*,75)

XA41,442 SLACTATIM EQMTS OF EWES NURSING ONE AND TWO LANAS,
RESPSCIIVELY (MCAL/HAZDAY

AMI = 1.5°XHOKYL
XM2 = 1,35 °X40KY 2

XKF = COCF OF EFFICIENCY OF UTILIZATION OF ENERGY FOR GAIN

77/05714%,

2143, 04
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175

180

185

190

192

200

205

215

229

225

SHAROULINE SFRING 787122 0k T=1 FIN Gobeudin 77705734,
C 3% FOx LACTATIUM ¢, & YCASURE OF FEL NET ENERGY OF LACIATION AVATL
XKF = 0,16 ¢ (.63%0)
C
¢
L 6 = L) =02 = CALOJIFIC vALUZ OF &HIHAL TISSUE ANAUOLIZED(HMCAL/KG)
f1 = J48%atbedl N
€2 = 433%alhd?
C
3
L DUWLLsOLWLZ,JLHE L OLHEZ, A<E DAILY CHANGE IN WEIGHT OF SINGLE
¢ LAPA,TATU LAMB,EHE H.STHGLE AND EWE HIWIHS  RESP {KG/DA)
B
[
€ DURIAG LACTATION, WEIGHT GAIN OF LAMH IS ESTIMATED TO COME FROHM
o NIFFERLNGE BcTWEEN ¢ INTAKE BY EdE AND HER DRY LEVEL MATWTENANCE
o REQMT
C
c
NLwEl = (EJ-AHORYL) *(XKF/CL)
OLWLZ = +9PIET-XMORYZ) T IXKF/C2)
C AFTER LAMES HAVc BEEN WEANCD, THE ENERGY EWES
¢ WERS USING FOR LACTATION NOW GOES INTO THEIR OWN WEIGHT GAIN,
c AFTER AN ACJUSTMENT PERIND THEIR FEEN INTAKE WILL LEVEL QFF
[ AMD THEN DECREASE T0O DRY Ehi LEVEL AND WE IGHT CHANGES HILL
c [ ELI
[
[o
IF (INeGT.200) OLWEL = ,S*(DLWL1¢DLHL2)
TF N, GT,200) DLWE2 = ,5*{OLWLIrOLHL2}
IF (N.GT,208) GO JO 180
TF (sbHL1.E0, 0,00 DLWEL = OLNLL -
IF IxLHLL,EQ.06,08) GO TG $0
IF {4LML2,80,0.0) OLAE2 =DLnL2
IF tALWl2,E0.0,0) GO TO 13
G
T - T wErema Tt - CoeAfes T - - . L N Y
I . o WL L e P ool . T, T e =
o
Cc
IF(CLAHLL.LT,.y 20 CALL FEEDIIN,DLKLL,XLHLL,SUPPLLY}
IF (DLHL21T,42) CALL FEED2UN,DLWL2 ¢ XLHL2,SUPPL2Z)
€
¢ DUYING LACTATION WEIGHT LOSS OF ZWES IS ESTIMATEQ FROM OIFFERENCE
c AcTHEEN € INTAKE ANO LACTATION REGUIREPENTS
C
OLKWEL S(E1-241)/5,5
BLWEZ2 = (EJ-(M21/5.5
10 XLHEEIN 5 XLWEL + (DLAELYOF)
1 XLWE2N = ALhZ2 + CWHE2*OT)

ALREL = XKLKELN

ALWE2 = ALWE2HN

XLWLIN = ALWLL ¢ (DLWL1*OT)
XLWLZN = XLHL2 ¢ DLWL2%AT
IF (4LWL1.c0.0.0) XLWLIN
TF LWL EQ,0,U) XLWL2N
XULwLl = ALRL1H

XLWLZ = ALWL2H

e
oo
. .
- e

21 .4 3. 06
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SUBRGUTTHE SFRING I VA OFT=1L FIn weSe4tld 177057351, 21.43.04
¢
230 C o
s LAMBs AR RLAneD T4 410 JUNCe IF THIY aR< LESS THN &5 XG THZY WliLL
¢ Gu INTO ACNITiIONAL FIEDING PERTontuOT HOOSLLED HEFC) .
[ LF Ty ARE HMORE THA{ 45 Ko THEY WILL GO OTIRECILY TO MARKE S
c
235 c
IF (NenT.1861 XLWLL =XtdlL2 = 0.0
RE TUIN
EHC

SYMIALIC keFERENCE wap (R=1)

ENIRY POINTS .
3 SPPING . . . . e e

VARLAALE S SN Tvp:s RELOCATIAGN
122 Ci REAL w23 G2 REAL
W13 9 FZAL 8 OzF REAL FoPo
410 0OH REAL 426 OLHEL REAL
w271 CLWE2 REAL 424 DLWLY REAL - -
#25  OLHL2 REAL 407 0PN REAL
8 0l FEAL F.Py 405 EA REAL
W0t FACT fEAL 0 EI REAL
1 EnaKL kEat F P, 403 ETEO REAL
4 FvaP REAL F.P. 0 HWi REAL
§ HHWZ kAL e EqPs C...h o omp o REAL - U,
1 HZ REAL F.P. 8 N INTEGER 77
406 pOM REAL 0 PDL REAL
8 PD2 FEaL F.P. 432 pslo REAL
g PH KEAL F Py 0 RAIN REAL FPy
402 SHA ReAl [ -1 REAL F.p.
60 3n2 REAL e EaPe 9 sPy REAL . . F.Py R
0 SR PEAL F.Pe 8 SUN TTTREAL F.p.
0. SuPPL1 REAL F.P, 0 SuPPL2 REAL F.p,
0 WA wEAL FoP. 400  HAAX REAL
41 WP pPEAL 6 xI REAL FoP,
377 KK REAL 421  XKF REAL
376 AL FEAL . 41l ALEV REAL _ R
0 XLWEL RE AL F.P. 430 XLHELN REAL
0 XLWE2 FEAL F.P. 431 XLWE2N REAL
3 xtuWLi REAL FoP. 432  XLWLIN REAL
8 xLwWL2 REAL F.p, £33 ALWL2N REAL
415 XHMNIYL REAL 416 XMORY2 REAL
aib Kic KEAL 417 Xnd REAL
420 XM2 FeaL
EAVERNALS [YPE ARGS
Exp FEAL 1 LIRGARY FEEOL 4
FLENZ 4
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AR SSUARCUTERE Fr il "= om P gpTyc gp =L o St FEN 4anveld o - PPr84710. 10.82.43 - T PABE Tl —omm e
- S . — e - u
t SUEICHTINE FIFNL (N ILALL O ALHLY L SUPPLL) :
TF— ORI TET S O XN S sy e > sy ———— —— /o v
IF ICLWLELGT.u.0) A3CAL = (1,0~(JLHLL/, 25000287 €aLkLL"?
S e e SUEPLL CE KPOAL /3,39 T T s e oo e e s
5 ALwil= .23
e e R TR - o e e e = e e e — y ’
END
RN
- e — — — _— — SR [ “

SYN3CLIC koFoPENCE HAP (311

ENIRY POINTS

m

T Y TFEENY

- VARTAQLES — SN TYPE
0 0OuLRLL

T RELOCATION
REAL F.P. d N

INTEGER ®UNUSED

FoPo

SUPPLT
36 xMGAL

RERT LA} L) L1%.1% 3
rEbL

REAL

L ]

STATISTICS

T PROGRAMTLENGTH 173 3t -
4 = —_— e
Wb e e e
1w

. —— .
[ S — - N~ e
.

G e e
b e e+ e s e I
-

Bt o e e e -

19



SUBRQUTINE FLFIZ

B 4 74 4 Bty -3 5 Skt & . NI X5 § R aay 8 24 & 74 ¥-Thin 15 F-AL L Rl

T PAGE

1 SUNRCUTTHE FEr D2 (N LW 2 ALNLZ 4 SUPPL2Y
ITF (CEWLZGTE«U«0T XMULAL = T TATLRLE S o TN
TF tCLHLE2.CT.08.3) aAMIAL (Lol (DLWLZ2/.25) ) 28 (XLHL2"*.75)
e e e S GURFLZ E TRMEAL Sy T T T T e S T S ST s T e s “
S OLwLe = 280
. T L T N
e ND
e e e e e e e e e e SSUURY e Cw
e e e = - e

SYMA0LIC FEFLRINGE MAP

R=1)

o

ENIRY POINTS

T3 FLED2

T VARIARLES T TTTTSNTTTYPE RECOCATINN .
0 NLwtL2 R AL F.P. ¢ N INIEGER *UNUSED F.P,
0 SOPPLY REAL™ LI T —XTWLZ RERT L
36  XHCalL REAL
SYATISTICS

ST UPROGRAMTLENGTH

1g s e - -
S e e e e —
w0

- ———m e - JR— ———
B o me s me e s e e

7

§ S e e e e e o e e e -
PP - - P _ - - — _— - -

a

U —— - ————— —— — e
iV U VR e e — - R —— e

-ay

m
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