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Reproductive Performance of Ewes Involved In Four
Sequential Controlled Breeding Studies

E. F. ELLINGTON, A. D. KNIGHT, C. W. Fox, and MILLARD SHELTON

It has long been the goal of animal
scientists to be able to cause livestock to
successfully breed at will. Such accom-
plishment would allow more efficient use
of management, time, and labor and
would contribute markedly to the feasi-
bility of artificial insemination. In the
case of sheep of the mutton breeds
which typically show periods of repro-
ductive quiescence during the late win-
ter, spring, and summer months, con-
trolled breeding would be a key to in-
creasing the number of lamb crops over
that presently realized.

The following is a summary of a
long-term hormonal study involving
four lamb crops spaced approximately
eight months apart. Thus, breeding
took place both during and out of the
normal breeding season. The goal was
to increase the number of lamb crops
per year and cause the ewes to breed
in a predictable manner. Although the
results of the first study in the series
were reported in the 1966 Sheep and
Wool Day Report, they will be included
in the present report in order to present
a more complete picture.

Procedure

A total of 48 crossbred ewes, all of
which had gone through at least one
lambing season, were randomly as-
signed to four groups of equal size and
treated as follows: (1) control; (2)

E. F. ELLINGTON is Associate Professor
of Animal Science, University of Nebraska,
Lincoln, Nebraska. A. D. Knight is Assistant
Professor of Animal Science, C. W. Fox is
Associate Professor of Animal Science, and
Millard Shelton is Experimental Agriculture
Technician, Oregon State University.

impregnated pessaries placed intravagi-
nally for a 16-day period (single treat-
ment); (3) treatment of Group 2 plus
750 I. U. pregnant mare serum gonado-
tropin (PMSG) subcutaneously at the
time of pessary removal (single +
PMSG) ; and (4) treatment given
Group 2 plus an additional 9-day treat-
ment with impregnated pessaries after
an 8-day pause (double treatment).

One half of the control ewes received
a single treatment and the other half
received a double treatment with the
unimpregnated pessaries. Pessaries
used were small cylindrical polyur-
ethane plugs about one inch long and
one and three-eighths inches in diameter.
The impregnated pessaries each con-
tained 30 milligrams of fluorogestone
acetate. All pessaries were equipped
with attached drawstrings and placed
in the anterior vagina by use of a tube
speculum.

The hormonal treatments and assign-
ment of ewes to treatment groups re-
mained unchanged throughout the four
studies. Lambs were weaned at ap-
proximately two months of age, and
treatment was started (double treat-
ment ewes) two weeks after weaning.
Treatments were scheduled within each
study so that the final day of treatment,
which was also the day that the ewes
were placed with intact rams, would
be the same for all groups. These dates
for the four studies were June 7, 1965
( Study 1), February 17, 1965 ( Study
2), October 29, 1966 (Study 3), and
July 15, 1967 (Study 4).

To avoid complications associated
with variations in ram fertility, an equal
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number of ewes from each treatment
group was placed with each ram. Ewes
returning to estrus were rebred to rams
which were of a different genetic make-
up from those of the initial services.

Results and discussion

Breeding and lambing results for the
four studies are briefly summarized in
Table 1. This table only includes results
pertaining to estrus activity which oc-
curred within a 14-day period immedi-
ately following the hormonal treatment
period and lambing data which resulted
from breeding within this time interval.
Certainly, other ewes bred successfully
at times subsequent to the 14-day
period, especially when the breeding
periods occurred during the natural
breeding season.

It can be seen from Table 1 that
some ewes were lost, usually because
of poor health, as the overall study
progressed. Although some ewes lost
the pessaries, the frequency of this ap-
peared to decline as the overall study
progressed. This may well be due to
improvement in technique, or perhaps
to changes in the ewes' reproductive
tracts as they grew older.

The breeding and lambing perform-
ance of ewes on the hormonal treat-
ments varies considerably between the
different studies. This is to be expected
since the reproductive activity in the
ewe is seasonal, and no doubt the under-
lying physiological mechanisms are also.
Thus, the ewe could well be in different
physiological states at different times
of the year, and the exact response to a
hormone treatment would depend upon
the physiological state in which the ewe
happened to be.

Work by others and observation of
the reproductive activity apparent in
the controls in the present studies would
indicate that the 14-day breeding period

was during anestrus in Studies 1 and
4 and during the normal breeding season
in Studies 2 and 3. The double treat-
ment appeared most promising in terms
of lambing performance in the two
breeding season studies (Studies 2 and
3) in that lambing crops comparable to
controls were obtained. As to the
anestrous season, the single + PMSG
treatment resulted in good lambing
performance in Study 1 which preceded
the normal breeding season, but none
of the treatments worked well in
Study 4. It may well be that the 14-day
breeding period of Study 4 was actu-
ally during a transition period (anestrus
to breeding season) which in some
manner made the ewes' ovaries less
receptive to the imposed hormonal
treatments.

Statistical tests revealed that the
double treatment was most consistent
in synchronizing estrus and the single
treatment was the least consistent. It
can be seen that a number of ewes re-
turned to estrus after the initial breed-
ings. However, in several cases such
ewes were apparently showing estrus
while pregnant, as indicated by lambing
records.

Summary

Some hormonal treatments employed
yielded encouraging results in terms of
controlling the time of mating and re-
sulting fertility. The studies indicate
that season variations are important in
determining the precise response that
ewes will show to such hormonal treat-
ments.

A fifth study has been initiated em-
ploying some of the same treatments
used in the other four studies. How-
ever, in the fifth study the hormonal
treatment is timed so that withdrawal
of treatment and weaning occur on the
same day.
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Sheep Industry Development Program

GEORGE E. SCOTT

The Sheep Industry Development
Program was proposed by representa-
tives of the sheep industry. It is spon-
sored and financed cooperatively by the
Federal Extension Service and the
American Sheep Producers Council.
Contracts with two land-grant univer-
sities made it possible for personnel at
Purdue University to participate in the
marketing study and for personnel at
Colorado State University to coordinate
the production program.

The steering committee, which helps
in guiding the program, includes Joseph
Burke of Casper, Wyoming, who is
chairman of the committee; Ralph
Grimshaw of Columbus, Ohio; Howard
Derrick of San Angelo, Texas; George
Hislop of Yakima, Washington; and
John Miller of Des Moines, Iowa. Ad-
visers to the committee are Dr. Clair
Terrill, Beltsville, Maryland, Dr. Dixon
Hubbard and Dr. Homer Porteus of
Washington, D. C.

Objectives and purposes of the Sheep
Industry Development Program are:

1. To develop production, marketing,
and management systems to make lamb
and wool production a consistently
profitable business.

2. To assemble and evaluate all re-
search information on lamb and wool
production and lamb marketing. The
program will also determine what new
research projects are most urgently
needed and give them a priority rating.

3. To field test new ideas and dis-
tribute all practical information on

GEORGE E. SCOTT is Coordinator of the
Sheep Industry Development Program, Fort
Collins, Colorado.

sheep production, marketing, and man-
agement which would generally im-
prove the level of return for the in-
dustry.

4. To encourage all segments of the
industry to support this program and
enlist all possible aid in getting this
information to the producers as quickly
as possible in a form that will be
easily adaptable by the producers of
lamb and wool.

In order to assemble and evaluate all
producion research information, five
national sheep production symposia
have been planned. The genetics sympo-
sium has just been completed at Mc-
Gregor, Texas ; the symposium on re-
production is scheduled for Stillwater,
Oklahoma, July 26-27; sheep health
and diseases at Davis, California, Sep-
tember 10-11; nutrition and feeding at
Ames, Iowa, October 8-9, and the man-
agement symposium for Wooster, Ohio,
December 4-6. The best qualified people
in the industry are involved in these
meetings.

There are changes in lamb marketing
that can be of immediate benefit to
sheep producers. Production practices
may take a little longer to implement,
but there is no doubt that we must
increase per-animal-unit production if
sheep growing is to be profitable.

Much of the sheep production re-
search in the past few years has been
directed toward accelerated lambing
and intensified lamb production. More
answers are being uncovered in this
field, and these certainly seem to be
realistic methods of increasing produc-
tion. Potentially, every ewe in the flock
could produce a set of twins or even
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more. It is doubtful that we want more
at this time. Due to feed conditions,
many commercial producers have se-
lected against twinning ability in the
past. However, under more intensified
production systems, it is necessary to
have ewes that will produce twins. Pro-
duction could certainly be increased if
it was possible to save a greater per-
cent of the lambs actually dropped. It
is not uncommon to lose 10 to 20% of
the lambs born, and this is described as
a normal death loss. To increase pro-
duction and improve income in any
operation, this mortality rate in young
lambs must be reduced.

Finally, lamb production can be in-
creased by producing larger lambs. To

date, packers and retailers have not
been willing to accept lambs of larger
size. New processing methods are being
developed, and it appears these new
methods will make it possible to process
and sell much larger lambs. However,
when this comes about, the producer
must produce lambs that are large be-
cause they have more muscling and not
because they are carrying more fat.

As new processing methods develop
and it becomes more efficient and eco-
nomical to process larger lambs,
growers must receive some of the re-
turn for the increased efficiency. If
the increased profit is simply absorbed
by the packer and retailer, the grower
has gained nothing.



Some Taste Responses in Sheep

W. D. GOATCHER and D. C. CHURCH

When an animal is confronted with
a choice of foods, it may decide to
consume one rather than another on
the basis of the sensations it receives
from sight, smell, taste, and touch.
When an animal has no choice but is
restricted to one food, it may consume
an amount either consistent or incon-
sistent with its dietary requirements,
again on the basis of the sensations it
receives from these four senses. The
relative importance of one or another
of the senses is dependent upon the
food choices available in the first case
and upon the particular feedstuff under
consideration in the second. It would
be expected that the feedstuff chosen
in preference to several others would
be the one with the most favorable ratio
of desirable to undesirable sensory
qualities. This ratio would also be ex-
pected to influence the quantity of food
consumed in a no-choice situation.

We can reason that sight allows a
sheep to recognize foods with which
it has had prior experience, but that
probably this does not in itself influ-
ence acceptability. However, sight does
allow the recalling of previous sensory
impressions which do influence ac-
ceptability. The sense of touch is re-
sponsible for assessing physical prop-
erties and it plays a predominant role
when such characteristics as coarseness
and thorniness are encountered. Taste
and smell are involved in monitoring
some of the chemical properties of
feeds. In the absence of undesirable

WILLIAM D. GOATCHER iS a Graduate Stu-
dent and DR. D. C. CHURCH is an Associate
Professor of Animal Science, Oregon State
University.

physical characteristics, sight may at-
tract a sheep to foods it has experienced
as having desirable smells and tastes;
smell may attract the animal to feeds
it has experienced as having desirable
tastes; and, taste may hold the animal's
attention so as to allow eating to take
place.

It would appear that taste and smell
are of major importance in the sensory
evaluation of feedstuffs by sheep.
While the relative importance of these
two senses has not been determined,
practical observations and some ex-
perimental data point to taste as the
more significant factor. In any case, it
should be of some value to be able to
describe the response of sheep to some
of the common taste stimuli. In this
regard, work has been undertaken at
OSU to determine how sheep will
react in a two-choice preference test
involving water and a water-chemical
(taste stimulant) solution.

Procedure
Taste reactions were assessed in this

study by the two-choice preference
test technique with test chemicals dis-
solved in water. These solutions have
been utilized, rather than feedstuffs,
because animals can detect much
smaller amounts of substances in solu-
tion. Whether the same response would
be obtained if applied to a feed is an
unanswered question.

A total of 30 sheep was used. They
averaged about 80 pounds in weight
and represented both sexes and several
breeds. Each animal was individually
penned and fed to appetite on a con-
centrate-type diet. Fluid was furnished
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to each sheep in two identical con-
tainers, each one providing enough
fluid to meet an animal's requirement
for a 12-hour period.

For the first half of a test period,
the taste stimulant being tested was
placed in one container and made up
to a given amount with tap water—tap
water alone was put into the second
container. After about 10 hours of time
had elapsed, both the amount of test
solution and the amount of water con-
sumed were measured and the con-
tainers were replenished with fluid.

For the second half of the period,
the positions of the two fluids were
switched in order to avoid errors in
measurement resulting from a prefer-
ence for one of the two containers. At
the end of the second half of the test
period, consumption from both con-
tainers was again determined. The
amount of test fluid consumed during
one half of the test period was then
expressed as a percent of the total fluid
drunk during that time, and the re-
sultant value was averaged with a
similarly derived figure for the other
half of the test period . The average of
five such values constitutes the final
response points for the different con-
centrations of test chemicals. At least
two groups of five sheep each were
used on each chemical, the groups
being placed on alternate concentra-
tions.

Over a period of two years, 20
chemicals were tested in this manner.
The data for chemicals representing
each of the four primary taste groups
(salty, sour, bitter, and sweet) have
been selected and are presented in
tabular form in the following section.

Results and discussion
Preliminary studies were conducted

with tap water used for both choices.
Analysis of the data showed that in

95% of the cases the groups (aver-
ages for five sheep as previously de-
scribed) could be expected to drink
between 40 and 60% of their total daily
fluid from either of the two containers.
This range of intake may be described
as the nondiscrimination zone. The
concentration at which the test solu-
tion comprises 20% of total fluid in-
take has been arbitrarily set as the re-
jection threshold.

Table 1 shows the taste responses
of various individuals from six groups
of sheep to different concentrations of
four chemicals. The responses of sheep
in Groups 1, 2, 3, and 4 to various
concentrations of sucrose are shown
first. Discrimination does not occur
until the 5% concentration is reached.
In one of the two groups tested at that
level, a moderately strong (79%) pref-
erence was demonstrated. At 10% con-
centration (about equal to a soft drink
in sweetness), two groups were indif-
ferent to sucrose. Further increases in
concentration resulted in aversion reac-
tions by three of the four groups of
animals and an indifference response
by the fourth. Consequently, we would
conclude that sheep are only very
weakly stimulated by sugars.

Second, the responses of Groups 3
and 4 to sodium chloride are presented.
The concentration at which the sheep
began to discriminate between water
and salt solution was 0.26% and the
rejection threshold was at 2.19%. This
latter concentration approaches the
saltiness of sea water. It is interesting
that animals with adequate salt in their
diet would voluntarily consume one
fifth of their daily fluid from a solu-
tion of such a high degree of saltiness.

The responses of Groups 5 and
6 to concentrations of acetic acid
are shown in the third section of
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Table 1. Noticeable discrimination of
the sour stimulant began at about
0.015% and rejection occurred at
0.16%. To a man, the taste of the solu-
tion at this latter concentration is about
equal to that of a lemon in sourness.
However, one fifth of the total fluid
intake was of this solution.

The fourth section of Table 1 pre-
sents responses to quinine by Groups
1 and 2 sheep. At a concentration of
about 0.03%, less of the bitter solution
was drunk than of the water. The re-
jection threshold was reached at 0.16%

-a concentration having a degree o
bitterness that would be intolerable 1,-,
man.

Conclusion

It appears that for taste substances
acting alone, relatively high concentra-
tions are necessary for effective stimu-
lation in sheep. Preference for the
sugar (sucrose) is much less pro-
nounced in sheep than in any of the
other common livestock. Sheep seem
to be able to tolerate bitter substances
in fairly high concentrations.

Table 1. Consumption of Chemical Solutions as a Percent of Total Daily
Fluid Intake by Six Groups of Sheep

Group No.	 Concentration of Sucrose Solution (g./100 ml.)
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Fertility Testing of Rams

ARTHUR S. H. Wu

The incidence of infertility in rams
is fairly high. Webster of New Zealand
was of the opinion, based on a 12-year
study, that about 10% of the rams
used are sterile and an additional 15%
are of doubtful fertility. It is indeed
a risk to use any ram as a breeding
animal without knowing something
about his fertility. This risk can be
greatly reduced by semen testing the
ram shortly before the breeding season.
Through such testing one should be
able to check the sperm-producing ca-
pacity of the male, the sperm quality,
and perhaps some of the disease condi-
tions, if any, of the testes.

The test should be conducted by a
veterinarian or an animal scientist
familiar with the physiology of repro-
duction. The semen can be collected
from a ram either by an artificial
vagina or by an electro-ejaculator . The
most widely used criterion for assess-
ing sperm quality is the motility of
spermatozoa, which is easily observed
under a microscope. Other charac-
teristics of the sperm cells, such as
number of live sperm which can be
differentiated by staining and incidence
of morphologically abnormal forms,
can also be used for predicting male
fertility. Semen from fertile males
usually contains spermatozoa with ex-
cellent motility. It also has a high per-
centage of live spermatozoa and very
few abnormal forms.

In the majority of cases, semen test-
ing should permit one to predict the
fertility of a male with a high degree

ARTHUR S. H. Wu is Associate Professor,
Department of Animal Science, Oregon State
University.

of accuracy. One should understand,
however, that the present criteria used
for estimating sperm quality is by no
means 100 percent accurate. Occasion-
ally one may find a ram which produces
semen of good quality according to
the present standards but yet may be
low in fertility. This is not surprising
if one appreciates that other semen
characteristics may be closely associ-
ated with sperm fertilizing capacity.
Yet those characteristics may not have
been considered to be important in fer-
tility testing, or perhaps they could not
be easily checked due to the complexity
of techniques. For example, sperma-
tozoa carry an important chemical sub-
stance known as deoxyribose nucleic
acid (DNA). It has been shown that
in humans and cattle, a reduced amount
of DNA in sperm cells is associated
with some types of male infertility.
However, measuring the content of
DNA in each individual sperm cell
involves very complicated techniques
and is impractical for rapid, routine
tests of ram fertility.

In assessing male fertility, one
should be aware that "sexual drive"
is not a reliable index for predicting the
ability of a male to reproduce. It is
true that in order to impregnate the
ewe, a ram must not only be able to
produce functional spermatozoa, but
he must also have the desire to mate
so as to deliver the spermatozoa into
the female tract for fertilizing the egg.
It is not uncommon, however, to have
a sterile ram with good sexual drive.
This can happen because the actual
fertilization of an egg depends on the
spermatozoa, while the sexual drive of
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a male depends on an entirely different
factor, the male hormone. Although
both the spermatozoa and the male
hormone are produced in the testicle, the
two are not produced at the same site
in the organ. There are cases where
leisons may occur in the site for sperm
production, while the site producing
male hormone may remain perfectly
normal.

Another fact which should be kept
in mind is that testicular functions are
affected by many factors, such as en-
vironmental temperature, nutrition, and
diseases . Fertility once proven in a

ram is certainly no guarantee that he
will be fertile for the rest of his life.
Furthermore, there have been reports
that rams which once produced semen
of very poor quality were proved to
be fertile at a later date. These in-
cidences could occasionally happen,
but they do not invalidate the value
of semen testing for eliminating
"duds." There is no doubt that fer-
tility testing of rams can greatly reduce
economic loss due to reproductive
failure, and additional research will
further increase the accuracy of as-
sessing fertility by semen testing.
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