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In many areas of the world there are numer- 
our factors involving feeding, management and 
marketing of sheep which make it necessary to at- 
tempt to alter or extend their breeding season. 
Reports of variation in the time of onset and dura- 
t ion o f  the breeding season of ewes indicate that 
genetic, as well as several environmental factors, 
may affect her breeding behavior. This report has 
been prepared i n  an attempt to summarize a por- 
t ion of the literature pertaining to the influencing 
factors of breed and strain, age, light, temperature, 
nutrit ion, hormones and the psychological effects 

' o f  the ram. 

Breed and Strain: 

Estrual activity i n  sheep varies from the mone- 
.sirual type exhibited by wild sheep (3) to the 
completely polyestrual type shown by some domes- 
t ic sheep (4) (5) (3) (66) (70). However, most 
breeds of sheep are seasonally polyestrous in  that 
they experience a series of diestrual cycles during 
a particular season of the year (25). Hafez (34) 
cited many references which indicated that this d i f -  
ference in sexual behavior among sheep is related 
to the geographical origin of the breed. In sum- 
marizing the literature on the breeding behavior 
o f  sheep, Hafez (34) listed thirty-two breeds which 
have been reported to !,e completely polyestrual. 
This extreme polyestrual condition has been observ- 
ed a t  the equator and a t  latitudes varying from 
350 N. to  350 5. The most widely recognized breed 
of sheep observed to manifest sexual activity 
throughout the year, in certain localities, is the 
Merino. Quinlan and Mare' (66) stated that Merino 
ewes, maintained a t  Cape Karoo in South Afr ica 
(latitude 250 S to 350 S) would breed a t  any season 
of the year. Similar sexual activity in the Merino 
breed has been reported by Anderson k i t .  Hafez, 
34) a t  Kenya, Afr ica i n  an area which is located 
on  the equator. On the other hand Kupfer (46 )  
p r e s e n t e d evidence that the Merino and 
wooled - Persian breeds showed an anestraul 
period. Quinlan and Mare' (67)  in a later study also 
reported that Merino ewes have an annual period 
of sexual inactivity. Roux (75) reported that Merino 
sheep i n  Eastern Transvaal of South Afr ica had a 
restricted breeding season, which commenced in 
February (summer) and terminated in late August 
(winter). Opperman (cit. Hafez, 34) reported that 
the Blackhead Persian breed maintained a t  Preto- 
ria, South Africa, on a latitude of 260 S, showed 
year-long estrual activity. Thus i t  appears that, i n  
certain areas of South Africa, sheep may breed 
throughout the year. whereas, in  other areas of 
that continent, sexual behavior in the same breeds 
is restricted to certain seasons of the year. 

Sexual activity throughout the year has also been 
reported for breeds of sheep maintained in other 
countries, namely the Romanov and Karakul breeds 
of Russia (34) and the Improved White-Face Mut -  
ton sheep of Germany (34) in  which the latitude 
range (41° N to 580 N) exceeds that reported for 
South Afr ica where similar year-round breeding ac- 
curred. Thus, latitude does not appear to be the on- 
ly factor which influences the breeding season of 
sheep. Genetic factors, as well as a host o f  environ- 
mental factors, acting singly, or in combination, 
have been reported to be ot least part ial ly respon- 
sible for the reproductive rhythm of sheep (75). 
Kelly (43)  found that Merino ewes, even in seasons 
of high sexual activity, would often foi l  to  show 
any external evidences of heat 

Kelly and Show (44) reported on the sexual acti- 
vity in  three different strains of Australian Mer ino 
ewes. Their data, based on observations made 
througout the year, showed that very few ewes 
came into heat during the summer months ( late 
December to early March ) .  Sexual activity increas- 
ed from a minimal level in  late summer to a maxi- 
mal level within a period of one month. 

Further investigation reported by these authors 
(45) substantiated their previous findings of a 
summer anestrus in Merino ewes. Underwood, et al. 
(84) stated that i n  the agricultural areas o f  West- 
ern Australia, the breeding season for Merino sheep 
commenced i n  November and December (late 
spring). This same breed was found to be in ane- 
strus or in a very low state of sexual activity from 
July to October (mid-winter to early spring). A l l  e- 
vidence presented by the Australian workers seems 
to indicate that Merino sheep show a relatively 
long estrous season followed by a short anestrous 
period. 

Roberts (701, Marshall (52) and Marshall and 
Hammond (54) have also reported that in certain 
l imited cases sexual activity in  Merino ewes and 
Dorset Horn ewes is exhibited annually in two dis- 
t inct sexual seasons. 

Marshall (51) began in 1903 to investigate the 
sexual season of ewes in England. He concluded 
after several years of investigation that the British 
breeds exhibited an anestrual period of about 6 
months (April throuqh Auqust). Studies conducted 
in the United States bv McKenzie and Philliqs (48). 
McKenzie and Terri l l  (501, Schott, c t  al. (791, Phil- 
lips, et al. (62) Sayed et a!. (761, and de Baca et al. 
(1 81, also, revealed that the mutton breeds of 
sheep, which were developed in  England, have a 
restricted breed in^ season in this countrv. Under- 
wood and Shier 83) reported that the British breeds 
also have a restricted breedinq season in Australia. 

Other studies made in this country have shown 
that ewes having some fine-wool ancestry wi l l  breed 
earlier in the season than will the mutton breeds (6) 
(1 4) (38)  (4 1 )  (47) (56) (85). Henning and McKen- 
zie (41) reported on the use of Merino, grade Mer-  
ino, and Dorset X Merino for hot-house lamb pro- 
duction in  Pennsylvania. Rams were turned w i th  the 
ewes on June 18 in  the first year and on June 11 
in the second year. Schott et al. (791, on reworking 
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the data presented by Henning and MacKenzie, 
showed that of 100 ewes exposed to  breeding, 44 
conceived in  June, 2 i n  July and eight ewes con- 
ceived in  August, September, and October. Six 
ewes failed to lamb. The above distribution in dates 
of conception was based on lambing dates. Cole 
and Mil ler ( 1  4) of California presented data on the 
time of yeor a t  which the sexual season began in 
several medium-wool breeds and their crosses. Ewes 
of the mutton breeds were exposed to rams on 
August 1 .  Since the interval from exposure to rams 
to the first observed estrus was shorter than the 
length o f  a normal estrual cycle, it is possible that 
some ewes were cycling prior to the beginning of 
observations. This was particularly apparent in the 
Rambouillet ewes i n  which the ewes were exposed 
to rams on July 1. The earliest date o f  f irst estrus 
following exposure to the ram was July 6 with an 
average breeding date of July 18. Mil ler (56) fur- 
ther demonstrated that Rambocrillet ewes were on 
important factor i n  early lambing production in 
California since they breed readily in July Leveck 
(47) reported thclt crosses produced from Corrie- 
dale (based on Lincoln X Merino breeding) mated 
with native ewes lambed 14 days earlier than 
Hamoshire X Native and 28 days earlier than 
Southdowr! X Native in  Mississippi. The average 
conception date fo- the three qrouos, based on 
birth date, was July 27 for the Corriedale X Native, 
August 11. for the Homoshire X Native and August 
2 for the Southdown X Native. Williams, et al. (93) 
cbserved the onset of the estrual season on o flock 
of western ewes (crosses between fine-wool breeds 
and such breeds as Hampshire, Shropshire and 
Suffolk), over a 3-year period in  Illinois. The flock 
showed a sianificantly earlier onset of the breedinq 
seascn i n  1951 (July 8) than i n  1952 (August 27) 
3r 1953 (Se~tember 1) .  There was no tendency any 
vear for individual ewes to be consistently early or 
late in  the onsets of their individual breedinq sea- 
sons This study, as well a: many others (1 8 )  (34)  
(50) (751, lends support to the idea that genes af- 
fectinq estiaul oncet are associated with genes for 
breed characteristics. Even thouqh Wil l iams et al. 
(93) used crossbred sheep onlv. the dates of estraul 
onset. as reoorted bv these authors. were somewhat 
intermedicte between those reported for oarent 
bred by othev workers (1 4) (1 8) (34) (38) located 
a t  the same aeneral range of latitude. 

Bell (6) published the results of on investigation 
desiqned to  ascertain i f  Rambouillet ewes could be 
bred other than during the fall months in  New 
Mexico. His data showed that o-fer half  of the ma- 
ture ewes could have been bred as early as June. 
About three-fcurths of them were in heat i n  July 
and more than 90 percent of them came into heat 
in August and were bred. 

Harris et al. (38) presented data on occurrence 
of estrus in purebred Ra~bou i l l e t ,  Columbia and 
Hampshire ewes during the spring and sutnmer 
months in Utah. Some ewes of the Rambauillet 
breed were observed in estrus i n  May with a pro- 
gressive increase in percentage of estrual activity 
during June and July. Ewes of the Columbia and 

Hampshire breeds showed no estrual activity in  
May. Only an occasional heat was observed i n  
either of these breeds i n  June and July. 

I t  appears from the literature examined for this 
review. that there are breed and strain differences 
i n  the onset and duration of the breeding season, 
and that the same breed may behave differently 
in different areas. 
Age: 

Several studies, designed to investigate the e- 
conomic considerations of breedina ewe lambs 01- - 
so provide dato on the age a t  breeding and the per- 
centage of lambs born. Bowstead (101, in a report 
on the effect of breeding ewe lambs a t  7 to 8 
months of age, stated that 24.5 percent of the 
lambs selected for breeding failed to come in sea- 
son, or following breeding. failed to produce a 
lamb. Griswold (29) i n  a five-year study which in- 
volved breeding ewe lambs of a Hampshire X Ram- 
bouillet cross, reported 85 percent of the young 
ewes conceived. A similar study on the effects of . ' 
breeding ewe lambs by Briggs (8)  showed that of 
122 ewe lambs bred, approximately 66 percent 
dropped live lambs. Another 19 percent conceived 
but  aborted or d r o ~ p e d  dead lambs. Only 15 per- 
cent failed to conceive. Cole and Mi l le r  (14) re- 
ported that the sexual season i n  ewe lambs was 
much shorter than for mature ewes. In several cases 
the season consisted of only one estrus. 

McKenzie and Terri l l  (50) reported significant 
differences in the onset and duration of estrus be- 
tween ewe lambs and yearling ewes of Hampshire 
and Shropshire breeding. The mean date of onset 
of the breeding season for the same year (1934) 
for Hampshire lambs was October 23, as compared 
to September 12 for mature Hampshire ewes. The 
mean date for the end of the breeding season for 
the two groups were, ewe lambs, December 21 
and mature ewes, February 7.  The average date of 
onset of the breeding season for Shropshire lambs 
was October as compared with September 1 1  for 
mature Shropshire ewes. fJo dates on the termina- 
tion o f  the breeding season were given for these 
groups o f  Shropshires. Schott, et al. (79) present- 
ed a comparison of the average date o f  f irst estrus 
in  mature and yearling ewes-of several breeds. I n  
all breeds the yearling ewes tended to show the first 
estrus approximately~one week later than the ma- 
ture ewes. Spencer, et al. (8l)reported that during 
an eight-year period, 1929-1 936. 1 19 Hampshire 
ewes were exposed to breeding as lambs. Appro- 
ximately 7 0  percent produced lambs. The breed- 
ing season beqan i n  December when the lambs were 
9 to 10 months o f  age. 

Quinlan and Mare (66) reported that Merino 
sheep maintained i n  the southern part o f  the union 
of South Afr ica were observed to exhibit sexual 
activity a t  9 to 10 months of age. Roux (75) ore- 
sented information or, the age of puberty of Bor- 
der Liecester X Merino crossbreds and Merino in 
the Transvaal, a northeastern area, of South Afr i -  
ca. Ninety percent of the Eorder Liecester X Merino 
crossbreds were sexually mature a t  19 months of 
age. Only 40 percent of the Merino o f  comparable 
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age were sexually mature. Both groups experienced 
a restricted sexual seoson of 50  to 75 days. Ham- 
mand (35) found that in lambs 300 days of age 
the breed,ing seasor? began about the same time as 
in  mature ewes. In those that were younger, the 

season began later. T.he breeding season in lambs 
younger than 180 days was delayed unti l  the next 

<-+ season. Bell (6 )  found that the appearance of the 
-- f irst heat in 20 Rambouillet ewe lambs that were 

. born i n  January occurred i n  August. All ewe lambs 
_ .in this study had come in heat by the end of Nov- 

ember. Hafez (34) also reported that there was a 
relationship between the month of b i r th and estrous 
performance. Ewes born early in the season showed 
more sexual activity than those born late in the 
season. Limited estrual activity occurred in  range 
ewe lambs from September to February as reported ' by Wiggins (92). In a three-year period of observa- 

; tion, 15 percent of April and May-born lambs were 
observe,;l to  be in  heat. Of the total number observ- 
ed approximately 6 2  percent exhibited one heat; 
25  percent, two heats; and 31+ percent, three 

$ heats. 

Light: 
Evidence has been  resented which indicates that 

length of daylight mby be a contributing environ- 
mental factor in controlling the breeding season 
of sheep. Marshall (53) observed that sheep trons- 
ported from one hemisphere to another reversed 
their seasonal breeding pattern. Several groups of 
investigators, Sykes and Cole (82) ,  Yeates (951, 
(97, and Hart  (391, have reported thot the sheep 
can be brought into estrus by a reduction in O- 

mount o f  light. 
Yeates (95) found thot in  Suffolk ewes the breed- 

ing season started 10 to 14 weeks after the longest 
day and thot the season ended 14 to  19 weeks gfter 
the length of day began to increase. Har t  (39) was 
able to initiate the breeding seoson in ewes through 
a ration of one part l ight to two parts dark wihout 
employing any gradual decreasing scheme. Ham- 
mond, Jr., (35) reported that there was a variation 
f rom year to year among several British breeds in 
the onset and termination of the estrual season but 
generally the season was evenly spaced from the 
shortest day of the year (December 21). 

Eaton and Simmons (22) introduced Karakul 
sheep into an expe-iment with goats designed to 
determine the effect of length of day on the estrous 
periods of these animals and thereby e x ~ l o r e  the 
possibility of fal l  lamb production. The sheep were 
subjected to lonq dovs of light ( 1  8 hours) beginn- 
ing i n  December or January. In February or March 
they were shifted to short days of l ight (6-1 0 
hours). The percentage of ewes subjected to con- 
trolled l ighting that were bred during the months 
of April, M a y  and June was 85.7. In the control 
grouo the percentage of breeding was 44.7. 

Watson (91) reported thot Merino ewes in  Aus- 
tralia do not alwavs show a complete anestrual 
period. However, with some of those which do, the 
behavior is different from that of Suffolks and 
similar British breeds. Watson's observations made 
in Queensland and Western Australia on the onset 

of estrus showed that it occurred some t ime before 
December 22 (the longest day in Australia). He 
further stated that if the duration o f  daylight in 
the current season was the influence which con- 
trolled the annual rhythm, the regime must be en- 
tirely different from that which controlled the ac- 
tivity of the British breeds reported by Yeates (951, 
Hart (39) and Hafez (33 )  and the Karakul breed 
reported by Eoton and Simmons (22) 

Hafez (32) presented data on the occurrence of 
estrus in  a group of Dorset Horn ewes, in England, 
which were run continuously with vasectomized 
rams for a period of three years. None o f  the ewes 
exhibited estrus during May, but some began to do 
so in June. Apparently sexual activity began to  
rise in ewes of this breed close to the longest day. 

Yeates (95) reported on the effect of l ight on the 
breeding season of Peppin strain Merino sheep in  
Australia. These sheep exhibited definite seasonal 
differences in incidence of estrus. Although less 
decisively, the estrual pattern resembles that of the 
British breeds. He was able to reverse the pattern 
of breeding by artif icially reversing the seasonal 
trend in amount of daylight. 

Means et al. (55) reported that the reduction of 
daylight to 10 hours during the non-breeding sea- 
son (March 15 to July 15) was effective in the in- 
duction of estrus but that ferti l i ty as measured by 
actual lambina was low. Similar results were ob- 
tained when day length was reduced during the 
early part of the normal breeding season (July 15 
to September 17). 

Wilson, et 01. (94) presented data which indicat- 
ed that ewes receivinq treatments of l ight reduc- 
tion, temperature reduction and combinations of 
the two exhibited a higher degree o f  estrual activi- 
ty than did control ewes. 

I t  appears in  many cases that variation in lenqth 
and intensity of dovlight which occurs in the d i f -  
ferent seasons has been o factor involved in the 
onset of the breeding season. However, with the 
change in season there is also fluctuations i n  other 
environmental factors such as temperature, humi- 

dity and rainfall which in some cases have been 
shown to influence reproductive oct iv ih.  directly 
or indirectlv. Consequentlv. as suggested by Nal-  
bondov (59 )  i t  is very diff icult to  measure the di- 
rect influence that l ight alone might hove on ini- 
t iating the breeding r e ~ s - R  and controlling its dura- 
tion. 

Ternocrature: 
The onset of the breeding season of the ewe may 

be influenced by temperature 
McKenzie and Phillips (49) placed seven ewes 

in  an ice cellar, in which the tem~era ture  ranged 

from 44O F to 480 F, durina the first ten days o f  
August. Outside tempergtures ranged f rom 700 F 
a t  night to 95O F during the day. As compared 
with controls. there were no significant differences 
in  the time of estrual onset between the two grows.  
The experiment was repeated in September and the 
same results were reported. 

Yeates (96) reported on studies involving the ef- 
fect of high air temperatures on pregnancy and , 
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bir th weight in  Romney and Merino ewes. Even 
though he showed pregnancy to be adversely af- 
fected by extremely high atmospheric tempera- 
ture, a l l  ewes in  the heated chambers showed estrus 
a t  the same t ime of the year as those of the non- 
heated controls. 

Dut t  and Bush (211, in a temperature-controlled 
experiment, placed 20 Hampshire X Western cross 
bred ewes in  a 450 to 480 F temperature room on 
M a y  26. A control group was placed in a room of 
similar size and subjected to natural temperature. 
Both groups remained in  their respective rooms un- 
t i l  October 8. The average date of f irst estrus for 
the treated ewes was July 10 (range M a y  31 - Au- 
gust 8) as compared with September 2 (range Au- 
gust 13 - Stepember (22) for the control ewes. A l l  
ewes in the experimental group came in heat be- 
fore there was any evidence of sexual activity in the 
control group. There was a definite pattern of nor- 
mal sexual activity among ewes i n  the air-condi- 
tioned room since it was noted that estrus occurred 
regularly in  ewes that did not conceive. Wilson 
et al. (94). reported that a greater number of ewes 
exhibited estrus when maintained in an  air-condi- 
tioned room than a similar qroup of control ewes. 
The temperature a t  the beginning of the experi- 
mental period was 700 F and was dropped l o  F 
every five days to a 600 F temperature. 

Nutrition: 
The literature regarding the effect of nutrit ion 

on the onset and duration of the breeding season in 
sheep is somewhat conflicting. Heape (40) and 
Marshall (52) based uoon surveys from English 
flockmcsters reported that an improvement in the 
 lane of nutrit ion induced estrus. McKenzie and 
Phillips (49) reported that nutrit ion seemed to in- 
fluence markedly the onset of the breeding season 
in several of the Down breeds. Ewes were maintain- 
ed on very poor dry pasture from early July to mid- 
At.-ust, after which. the ewes were placed on an 
in-.easing   lane of nutrition, first, on improved 
pasture and then on qrain. Over 97 percent of the 
ewes had exhibited estrus by mid-September. These 
authors further reported that a dav's starvation per- 
iod during early part of the breedina season 
hod no noticeable effect cn  the onset of the first 
estrus of the season. 

Darlow and Hawkins (161, (17) i n  early re- 
Dorts o f  a long study designed to investigate the in- 
fluence of nutrit ion on the reproduction of ewes, 
 resented evidence indicating that ewes fed green 
feed beaan their breeding season sooner than a 
comoorable group of ewes fed Prairie hay. This 
work was continued over a nine-year period and was 
reported by Briggs, e t  al. (9) .  These authors con- 
cluded that there was no difference between flushed 
and unflushed lots as to the time of the first 
estrus period of the season. Visual sipns of heat 
were not  apparent in  a few ewes that had reached 
an emaciated condition but in  some cases a low 
level of nutr i t ion apparently caused a doubling of 
heat periods. 

Grant (271, in a study of the physiolopy of re- 
production, presented evidence that flushing has- 

tened the onset of the breeding season by changing 
silent heats a t  the beginning of the breeding season 
into true heats. 

Roux (75) reported on rather extensive studies 
concerning the influence of nutrit ion upon the sex- 
ual ac t~v i ty  of non-pregnant Merino ewes. Sheep 
maintained cn  low-level rations of maize, tef f  hay 
and salt did not show marked decrease in  sexual 
activity during the first 7 to  12 months of treat- 

. 

ment. They declined in  sexual activity after 19 t o '  
24 months on such a feeding plan. The addition of 
bone meal prevented a marked reducation in the 
duration o f  the sexual season, but its inclusion in 
the ration did not insure sexual activity. The sexual , 
activitv of mature ewes on low-level rations was not 
as readily affected as it was in younger ewes. Roux 
also reported that when sheep were permitted green 
grazinq throughout the year that on almost con- / 
stant body weight was maintained. These ewes 
showed more sexual activity than under drought 
conditions Even though improved nutrit ion tended 
to induce greater sexual activity and to shorten 
the duration of the anestrus period, al l  ewes under 
conditions o f  the Transvaal area of the Union of 
South Afr ica had a restricted breeding season. 
Miller, ct  al. (57) stated that advanced stages of 
Vitamin A deficiency were necessary before a su- 
pression of estrus and ovulation occurred. 

The results of work reported by Esplin, et  al. (24) 
Phillips, et al. (63) indicate that the diet of the ewe 
lamb during the first winter is a critical factor in 
determining the reproductive capacity during the 
following year. 

Esplin, et al. (24) reported that 77 percent o f  
ewes that had been lot-fed as lambs gave birth to 
lambs whereas only 64 Dercent of the ewes grazed 
on ranqe as lambs gave birth to lambs. The authors 
suggested that the feeding which ended six o r  seven 
months before breedinq must have been the factor 
which accounted for the difference i n  lambing rate. 
Phillips, et  al. (63) reported similar findings. I n  ad- 
dition to information on lambinq percentages, more 
detailed information on estrual activitv was pre- 
sented. Four out of seventeen ewes carried on  range 
durinq the first winter failed to show estrus during 
the succeedinq fal l  season as compared wi th one 
out of sixteen ewes that received extra feed dur- 
ing the first winter. On the contrary, DeBaca ( 18) 
found that ewe lambs fed durina their f irst winter 
did not exhibit estrus anv earlier durinq their 
venrlinq breeding season than did a similar non- 
fed qroup. 

Underwood and Davenoort (84) stated that a 
hiqh plane of nutrit ion did not hasten the onset of 
the breeding season. Hafez (34) reported that the 
onset of the breedinq season was not delayed as a 
result o f  a sub-maintenance ration, if this were 
started two months before the expected onset. 
However, estrus was inhibited by sub-maintenance 
rotions after the normallv ex~ected onset as evi- 
denced by the occurrences of silent heats. The sub- 
maintenance diet resulted in a greater deoression 
of estrus in  yearlinqs than in adult ewes. Changing 
the ration to an above-maintenance requirement re- 
sulted i n  o rapid recovery. Regular estrus also fol- 
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lowed after the administration of Pregnant Mare  
Serum (PMS) which, according to  the author, indi- 
cated that under sub-maintenance conditions that 
the pituitary activity was below the threshold for 
estrus or that the ovaries are less sensitive to the 
level of circulating hormones. 

According to Ershoff (23), who reviewed the l i t -  
erature on nutrit ion and the secretory rate of the 
anterior pituitary, considerable data are available 
to  indicate that the function of the anterior pi- 
uitary and the target organs o f  its se- 
cretion are largely dependent on the nutrit ional 
state and the composition of the diet fed in many 
different groups of experimental animals. He fur- 
ther stated that with laboratory animals the nutri- 
t ional status, resulting either from an  excess or a 
deficiency, may profoundly affect (1) the synthesis 
and secretions of hormones, (2) the response of the 
target organs and peripheral tissues and (3) the 
metabolism and excretion of hormonal substances. 
Since there is much indication of temporary fluctu- 
ations i n  endocrine balance within the ewe's body, 
it seems as though the role exerted by nutritional 
factors on the level c f  hormone prodl~ction. as well 
as responses by target organs, needs further investi- 
nation. 
HORMONES: 

The possibility of stimulatinq estrus and ovula- 
t ion in  the onestrous ewe throuah the use of hor- 
mones has received much attention. In the ewe the 
onset of the breeding seacon appear< in  monv crlse.; 
to  be a gradual process. I t  appears that the level of 
endocrine activity might be partly responsible for 
this   hen omen on. 

  he subiect of hormona! stimuation o f  estrus and 
ovulation in  sheeo was reviewed bv Phillips, et ol. 
(62)  and Robins-n (72) who pointed out extremely 
variable results from the use of hormones to induce 
preanancy in  the anestrual ewe. 

The use of gonadotro~hins aqd steroid sex hor- 
mones to initiate estrual activitv in the anestrual 
ewe has met with varvinq deqrees of success with 
many different breeds thot vary somewhat in their 
natural breedina seasons. In the ew? ovulation that 
is unaccompanied by estrus (qilent heat) has been 
shown to occur prior to the be~ inn ina  of seasonal 
breedina activitv Grant (27). C o l ~  and Mi l ler  (14). 
McKenzie and Terri l l  (501, Pa-kes and Hammond 
(61 ). 

Cole and Mil ler [13\ reoorted +hat ov~l lat ion 
rnu ld  be produced in  tho quiescent ovary of the 
anestrual ewe. A sinqle dose of PMS caused ovula- 
t ion  with conqiderable reaularity: however. neither 
a sinale injection nor a series of daily iniectinns 
were adequate to produce heat. A second injection 
followinq an interval of time opproximatelv equal 
to the length of a normal cvcle produced heat. A 
further report bv Cole and Mil ler (14) indicated 
thot heat could be induced concurrentlv with ovu- 
lation i n  recently suckled ewes when PMS was given 
follnwed two dovs later with an estrcaen treatment. 
McKenzie and Terri l l  (50) treated 1 1  ewes during 
anestrus (April, M a y  and June) with 300 to 400 r.u. 
o f  PMS. Ovulation took olace in  5 ewes but only 
one ewe came into heat. Thus they failed to achieve 

the hormonal control of estrus and concurrent ovu- 
lation with any degree of regularity. 

In a more extensive study covering an  eleven 
year period and involving more than 300 ewes, 
Cole ct al. ( 1  5) concluded that hormonal control of 
estrus in  the anestrus ewe could not be recommend- 
ed since only 7 per cent of the ewes came in heat 
after one injection of 125-700 i. u. of PMS and 
none conceived. Following two injections 34  per- 
cent exhibited estrus but only one-third o f  these 
(about 1 1 percent of the total) conceived. Through- 
out the period of experimentation a complete re- 
sponse of estrus and ovulation was not produced 
wi'h any degree of regularity. 

Phillips et al. (62) cited a report on the f ield use 
of PMS on anestrous ewes of Rambouillet X Lin- 
coln breedina. Of 430 ewes receiving a sinale in- 
jection of 250 r. u. of PMS in early May, 97.2 per- 
cent lambed before January 31. Another group o f  
40 ewes received 2 iniections of PMS a t  sixteen- 
day intervals during May, resulting in a lambing 
percentage of 75 per cent. In a control group o f  
296 ewes. 26 per cent had lambed by the end o f  
. l a n l ~ r v  indicatina that n-+ all the ewes were in 
pnor:trt~s a t  the tirnc! of PMS administration. Fur- 
ther evidence that the effect of qonadqtroohic pre- 
parations to stimulate estrus and ovulation i n  the 
onostrual ewe depends ilo7n the relative state o f  
nrt iv i tv of the ovary was presented by Kelly and 
Show (45). who reported relatively successful re- 
cults in  ind~lc ing heat i n  Merino ewes with a sinqle 
gonadotrophic treatment. These ewes were exhibit- 
ina l imited natural estroul activity or were i n  the 
early period of anestrus. Casida et al. ( 1  2)  reported 
thot gonadotropic extract, when administered to 
ewes a t  three different stages of the estrual cycle. 
was not verv effective i n  controlling the t ime o f  
estrus Wallace (88) suagested that breed and 
strain differences might be o f  considerable im- 
nortancs in  governing the extent o f  the response 
from PMS treatment. Desoite the few isdated re- 
ports that a sinale qonadotrophic treatment wil l 
produce concurrent heat and ovulation, the gener- 
al experience of all investioators mentioned as well 
as that of Bell p t  01. 17). Underwood and Shier (83). 
Frank and Appleby (251, Quin and Van Der W a t h  
(65). several Russian investigators (as cited bv 
Phillips et 01. (62)  and van der Not t  et al. (86) 
has been that a sinqle iniection of gonadotrophin 
prnduces ovulat;on without heat. M u r ~ h r e e  et 01, 
(58)  treated anestrual ewes with follicle-stimulat- 
ina-hormone extract or pregnant mare serum to de- 
termine the possibility of producing ferti l ized egqs. 
The ~ ropo r t i on  of corpora lutea was lower in ane- 
strual ewer: than in  follicular ewes in which treat- 
ment was initiated 12 days after the beginning o f  
an estrus period. 

The steriod sex hormones. estrogen, and proqes- 
terone have been used in varinlls combinations wi th 
the aonadotro~ins in  attempts to ~ r o d u c e  physiolo- 
gically normal heat and cvulation. Estroqen alone 
will, in  general, cause heat without ovulation. 

McKenzie and Terri l l  (50) produced estrus in 23 
of 44 anestraul ewes with a single iniection o f  800 
r. u. of estradiol benzoate (progynon-B). Anderson 
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(1) rreated high-grade Merino ewes with estradiol 
benzoate and produced estrus in approximately 74  
percent of those treated. Estrus was not always ac- 
companied by ovulation. He further reported ovu- 
lation without estrus in  untreated ewes during the 
anestrual period. Phillips et. al. (62) cited work by 
August who treated over 4,000 anestrual ewes with 
10,000 to 15,000 1 .  u. of estradiol benzoate which 
resulted in  72.5 percent mating which occurred 3 
to 7 days after hormone injection. 

Less favorable results on the use of estrogenic 
hormones in causing estrus and ovulation in  ane- 
strual ewes have been reported by Cole and M i l -  
ler ( 1 5 ) ,  Hammond, et. al. (361, (371, Quin and 
Van Der Wath  (651, Van der Noot et. al. (86). 

Pre-treatment with progesterone has revealed 
more promising results in synchronizing estrus and 
ovulation. The first attempt by Hammond (36) was 
ineffectual probably due to very low doses (2-5 mg) 
used. This observation was also made by Robinson 
(71 1. Subsequently, Robinson (721, (73 reported 
estrus with ccncurrent ovulation in anestrous ewes 
He suggested in the latter report that a short 
three-day period of progesterone pre-treatment 
prior to injection of PMS on the fourth day was 
necessary to induce both estrus and ovulation. The 
author suggested thot progesterone was necessary 
to condition the animol to respond to ovarian estro- 
gen. Robinson (72) cited work by Polovceva and 
Judovic in which i t  was demonstrated that tonic 
uterine contractions normally present a t  estrus 
were absent a t  PMS-induced ovulations without 
estrus. Robinson sugaested the possibility that 
uterine motil ity may play a role in  sexual receptivi- 
ty  and offered this os a possible mode of action of 
progesterone. O'Mary et al. (60) reported that var- 
iation in the breedina time of ewes could be re- 
duced when progeste&ne was administered for 14 
davs of the estrual period. 

Dutt (19) (20) presented data on the effects of 
prr~esterone and PMS. alone and in  combination, 
on producing concurrent heat and ovulation in the 
onestrual ewe. None of the ewes came into estrus 
when PMS was iniected without previous progester- 
one treatment. When proqesterone was iniected 
for a period o f  10 days prior to PMS, synchronous 
estrus and ovulation occurred in  all ewes. Svnchron- 
ous estrus and ovulation occurred in  some 'ewes ;n- 
ierted with proccesteroqe for shorter periods before 
PMS injection. Treatment with progesterone alone 
for a ~ e r i o d  of 15 davs resulted in svnchronous 
estrus and ovulation in  4 out of 9 ewes. Robinson 
concluded that an alternate progesterone-estro- 
qen influence waq necessarv for reqular cvclic est- 
rous behavior in  the ewe. Followina the investiqa- 
tions bv Dut t  ( 19) and Robinson ( 1  7 )  on progester- 
one - PMS therapy as a possible practical way of 
controlling the breedinq season of the ewe. Gordon 
(30) (3 1 ) presented data on ex~er iments involving 
189 ewes over four non-breedino seasons on estrus 
and ovulation response in  relation to treatment 
with various combinations of progesterone and P- 
MS. He reported no difference in  estrual resp0ns.e 
i n  ewes receivinq progesterone over a 13-day per- 
iod as compared with those treated over a five-day 

period. Of 172 reproductive tracts which were ex- 
amined for ovulation, all had ovulated. Forty-one of 
the ewes which came into estrus were slaughtered 
41 -121 hours after estimated onset of estrus. Sev- 
enty-six of the 92 ova shed by the animals were re- 
covered of which approximately 8 1 percent were 
cleaved. Forty-eight of the ewes which came into es- 
trus following progesterone-PMS treatment were 
slaughtered 20-22 days cfter mating. Sixty-seven 
percent of these ewes possessed one or moFe ap- 
parently viable embryos. Averill (2 )  injected pro- 
gesterone and PMS during anestrus into 94  ewes of 
various breeds. Estrus and ovulation occurred i n  
74  pcrcent of the ewes, estrus without ovulation in 
5 percent and ovulation without estrus in 21 per- 
cent. Wagner et. a l  (87) reported that in the an- 
estrous ewe the optimum interval necessary bet- 
ween injection of progesterone and PMS to induce 
follirlular growth, ovulation, and estrus was 16 days. 
Braden et al. (1 1 )  presented data indicating that 
estrus and ovulation were synchronized by a 14- 
day course of progesterone injection followed by 
injections of pregnant mare serum and human 
chorionic 

Several investigations have been reported in  an 
attempt t o  associate the breeding and non-breeding 
seasons of sheep and the results of hormone ad- 
ministrations with the ganodotrophic secretory ac- 
tivity of the anterior pituitary gland. Warbri t ton 
and McKenzie (89) concluded from a cytological 
study of pituitarv olands from sixty ewes in d i f -  
ferent phases of the estrual cycle that variations in 
the rate of svnthesis of FSH might be the cause of 
the seasonal breeding behavior. Robinson (72) be- 
lived thot the anestrus ~ e r i o d  was due to a decrease 
in  secretary activity. On the other hand Cole and 
Mil ler f 15) compared pituitary potency of sheep 
in  different reproductive states and stated that pi t-  
uitary ootencv did not vary significantly during the 
anestrous Deriod, the estruol cvcle or pregnancy. 

Warwick and McKenzie (90) presented data 
showing that the pituitary gland of anestrual ewe 
was comparable to the breeding season in content 
nf  the aonodotrophic hormone complex. In the 
study reported by Warwick the gondotrphic pot- 
ency of pituitary glands from crossbred Lincoln- 
Rambouillet ewes was siqnificantly higher than that 
of pituitaries from purebred Hampshire ewes. The 
gonadotroohic potency of both breeds increased 
markedly during a ninety day period following spay- 
ing whether during the breeding season or during 
anestrus. 

Kammlade et al. (42) measured the total gonado- 
trophic potency of pituitaries of sheep during the 
non-breeding and the breeding season. They assay- 
ed the pituitaries from one hundred and ten black- 
face-cross-bred western ewes for gonadotrophic 
hormone, and found the pituitaries contained more 
gonadotrophic hormone during the anestrual sea- 
son than they did during the estrual season. An  
increose in hormonol potency o f  a gland might  re- 
sult either from increased production o f  a hormone 
or decreased secretion. This cannot be determined 
by any biological assay method. The assay method 
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employed by Kammlade e t  al. did not distinguish 
between the different components of the gonado- 
trophic complex. These authors suggested that the 
anestrous condition in  sheep is caused by a shift in 
the ratio o f  FSH and LH with greater FSH as 
manifested by a cyclic pattern of follicular growth 
during anestrus. Evidence for this belief was ovar- 
ian activity. I n  spite of this follicular grow!h heat 
and ovulation did not occur spontaneously but 
could be caused to occur with exogenous LH. 

Based on the literature reviewed it appears that 
the sexual cycle of the ewe involves the action and 
interaction of a number of hormones, the balance 
o f  which is exceedingly critical. Greater success 

. . 
wi l l  come wi th knowledge of quantitative relation- 
ships of various hormones and their interactions 
wi th one another. By use of combinations o f  hor- 

i mones administered in  physiological amounts, and 
a t  physiological time intervals, the problem of the - seasonal breeding o f  the ewe may ultimately be 
solved. 
Psychological Effect: 

It has been shown that the sudden. association 
of the sexes which occurred when Merino ewes were 
mated i n  late spring and early summer (November 
c n d  December) in  Australia led to the synchroni- 
zation of estrus in a high proportion of ewes (26) 
( 8 4 ) .  

Schnikel (77) studied the effects of the presence 
o f  the ram on ovarian activity in the ewe and con- 
cluded that the primary cctibn was to stimulate 
ovulation without estrus in the majority of those 
ewes that  had a l r e ~ d y  commenced cyclic breeding 
activity. This effect occurred six days after join- 
ing the rams with the ewes. I n  a later paper ~ c h n i -  
kel (78) suggested that the presence of the ram 
led to  the synchronization of estrus cycles when 
ewes were mated early during the breeding season. 
Later in the season the presence of the ram had no 
effect. Teasing ewes with vasectonized rams prior 
t o  joining them with fertile rams did not increase 
conception rate. 

Two series of observations were reported on the 
effect of the presence of the ram on the incidence 
o f  estrus in Merino ewes by Riches and Watson 
(69). One group was designated as the continuous 
group which were run continuously with vasecto- 
mized rams and another group as the changing 
group, the ewes of which hod been held separate 
f rom rams except fa-  a period of one month only. 
I n  a l l  except the spring months most of the ewes of 
bz~th the continuous and changing group exhibited 
estrus. In one year most of the ewes of the chang- 
ing group exhibited estrus but many i n  the contin- 
uous group failed to do so. In another year most 
ewes of both groups failed to exhibit estrus during 
the spring months but the percentage of estrual 
activity in  the changing group was significantly 
higher than for those in the continuous 
group. The authors suggested that this behavior 
must be attributed to the difference i n  the pre- 
vious associations with rams. 

Radford and Watson (68) reported on estrus and 
ovulation in Merino ewes, following the introduc- 
t ion of vasectomized rams at various times during 

the spring and early summer. The ewes were in 
anestrus when the observations were commenced. 

Except in.occasional ewes estrus d id not appear 
unti l  early December (late spring). I t  had occurred 
in  most ewes by early January (early summer). In 
most ewes among which lams were introduced on 
October 26 or November 18, estrus occurred one 
week earlier than in  ewes among which rams were 
not introduced until December 8, and ewes among 
which rams had been running continuously. 

The authors further reported massive desquama- 
tion of the vaginal epithelium between 3 and 6 
days after the introduction of rams on December 8 
although estrus did not occur until 2-4 weeks later. 
They concluded that the introduction o f  the ram 
had an immediate stimulating influence on activi- 
ty  in  the reproductive tract. 

Smith et. al. (80) also presented evidence to in- 
dicate that the presence of the ram stimulated re- 
productive activity in the ewe a t  the time of transi- 
t ion from the non-breeding to the breeding season. 

The manner in which the presence of the ram 
acts to init iate such sexual behavior has not been 
elucidated. Schinckel (78) suggested that the pre- 
sence of the ram may take the form of an  extero- 
ceptive fgctor which stimulates the hypothalmus 
and hypophysial portal vessels i n  the anterior pit- 
uitary leading to the production of sufficient gona- 
dotrophins to bring about maturation and ovula- 
tion i n  the more advanced follicles. 

EDITOR'S NOTE: This comprehensive literature review 
has been prepared as a basis for future publication based on 
research by the author at La. Polytechnic Institute an some of 
the specific problems in sheep breeding. 
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AN INVITATION TO VISIT 
CAL POLY 

Dear Nacta Member: 

I f  you have any extra time while attending the 
1962 Convention a t  Fresno, you should certainly 
plan to continue your tr ip to the shores of the 
mighty Pacific and visit the college with the largest 
undergraduate degree objective enrollment in Agri-  
culture in  the U. S. California State Polytechnic 
College with a campus located i n  Son Luis Obispo 
(about 135 miles west of Fresno) and another i n  
Pomona (35 miles east of Lost Angeles) has been 
teaching agriculture since its beginning in 1901. 
The two campuses have a combined undergraduate 
enroilment cf 1900 students. Work  is offered in  
eleven departments as well as i n  Agricultu:al Edu- 
cation. The weather is often very nice in March, 
the scenery is beautiful in  the coastal mountains 
and our hospitality rug i s  out, so come to see us. 
There are excellent connections by bus, rai l  and 
air to Los Angeles and Scn Francisco. 

Ralph Vorhies, Instructor 
Fruit Production, Crops Department 
Cal Poly, Son Luis Obispo 

NACTA 

For Whatever It I s  Worth 
The following is quoted from ACTA DIURNA, Vol 
12, Number 9, University of Houston, November 1, 
1961. 

"Changes in  Programs offered at UH an- 
nounced. The discontinuation of nine pro- 
grams in the College of Technology and 
the Department of Agricultural Econom- 
ics i n  the College of Business Administra- 
tion has been announced by Dr. Phil ip 
G. Hoffman ,president of the University 
of Houston. The changes wil l  be effective 
by September 1,  1963. 
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