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t'1- aia of thia at.a, w 
Mtint' pr~•t•ron• a-,pl.-.Atation, in tu fora of Cl~b, on tlle 
reproductift perfonaaaoe in nceatlr Mt..S ..... Tile •ff.et of two 
nutrition tnat•nta "" alao eaaaJ.Hd by fffdin9 two differ.nt 
paature allowan•• to theN -• cbarift9 a tlfO ..,..k period 1-diately 
followinq a a,nchrOfti-.ci Mtin9. 

Two hundred and thirty four Border Leiceatwr X lloaney first 
cro•• ... ,, COIIIPriNd of 130 aixed•MJe ••• (3-1 ye3rs) and 104 two­
tooth (aaiden) •we• were flusud on incnasin9 pasture allowances 
prior ~o joinil\9. The" ... s wre naturally aated at a synchronized 
oestrus followin9 a 13 day CJ:Dll tnataent period. During the three 
days followin9 CIDll withdrawal, 18.01 of the •--s were mated. The 
a1~ec1-ave ... s came into oestrus significantly earlier ~ban the two­
tooth ••• (P < 0.001). There waa a ai9Dificant linear relationship 
bet ... n li-..•ight and onaet of oestrus (P < 0.0S), with ~h• heavier 
two-tooth••• coai09 on oestrus earlier than the lighter two-tooth 
•-•· Thie waa not apparent in the mixed-age e .. s. 

On Day 2 followin9 .. tin9, ewea were randoaly divided into 
either the hi9h or low paatun allowance levels. Pasture allowance 
leftls •n IIOllitoZM uain9 an Sllinbank Paatun Nater (UN). Le-..la 
of feed intake were eatillated for a r:andoa auiple of 20 e•a both 
before and after: .. tin9 tbr:o"911 tbe uae of intraruainal chr:oaiua 
releaain9 cle•icea (CaDa). Sward bei9bta (npr:e .. ntin9 quantity), 
botanical COIIIPOaitione and ig yigro di-,eatibilitiea Crepna.atiq 
qvality) wn ncorclecl for: bo~b tbe fluabiq and the poat•Mtiq 
pedod. ftb iafoaaation 1ecl to tbe ••tillation of wlwataEy bezba9e 
1ntat•• uri119 tu fluabiq ped,ocl CPeciocl I) of 1.2 •• while the 

intake 1•••1• of the•••• followia9 aatin9 (Period lI) wee• 
calo¥latect to be ...,nalllawlr 1., N and 1.0 N foe the hip aad. low 
paat•n aU . .o•w l.eweu, .. .,..1 .. 1,. 

Liwe ipt oll••te• asiq tesiCMl I iadiaated tbat tb• .... 
taUIIMS -~ .... t. hsut be ttena,1a1 fMcliDt ttesiod ll) tbe "'1tll 
e.._. &.a fU n t....a to ... , ... to f4l£,a _., itllt H.1, ot 
U t 1 l•'ft11Wa"91& at M .... ,, u ...... w• t.lle low IHdi .. l ... .\ 

Oi1I Cl.II o iai ial u.,._ t), 
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ovulation rate• were deterained on Daya 4 and 5 after •tincJ. 
The aixed-aqe ewes had a hi9her OTUlation rate (1.87 ± 0.04) than the 
two-tooth ewes (1.55 ± 0.06). Both a9e (P < 0.001) and 11 .. wei9ht 
(P < 0.01) of the ewe• had ei9ftificant effects on the ovulation 
rates. 

Poat-tMtin9 CIDR treattant was ranc:loaly adainistered to half the 
ewea in each of the two differential pasture allowance levels during 
Daya 8-15 following .. ting. Forty fi .. animals repre~enting both age 
groups, feeding levels, ovulation rates and CrDR treat1Nnt, chosen at 
randOfl\, were blood sampled over the luteal phase of the oestrous 
cycle <Days 9 to 14 after .. ting). The blood samples were collected 
twice daily both at AM and PM over a six day period. The blood 
samples were then assayed on a pooled individual basis tor 
progesterone concentration determination. 

Analysis of the pooled proqeaterone data revealed that there 
were no statistically significant differences between two-tooth 
ve sus mixed-age etNa, nor preqnant versus non-pregnant ewes, with 
respect to 9eripher~l plasma progesterone levQls (P > 0.10). 
Progesterone levels however were found to differ significantly 
<P < 0. 001) between evea treated with Cil>R.a and unsuppl-nted ewes 
(l.88 t 0.10 veraua 1.34 t 0.10 n9/al), as well as between eves 
having a ain9le ovulation and those havi119 twin ovulations (1.49 1 
0.10 Yeraua 1.73 t O.Ot n9/al). When the effect of livewei9ht was 
corrected for, tMre waa aleo a eipificant difference CP < 0.05) in 
pooled pr09eaterone le,,.le bet ... n ewe• on the hi9h (1.49 t O.ll 
n9/•l> and low paature allowance level• (1.ll ± 0.09 n9/al). A 
aipificant nlationabLp c• < 0.001) wa• fC>\U\d between ew livewei(Jht 
and pooled prop•terone concentration• for the two poat-.. tin9 
nutritional le,,.le. fte e•• on tM hip feed leV9l had a constant 
relat1onah1p, while tb• low fed e•• bad a poaiti•• relationship 
bet ... n 11 .... tfht end pool.et Prote•terone concentrationa. 

bpro4\ac ive perfocaance, a• •••ured by the pr-.nancy rate, 
.-rro ayrvlv•l rate Pei 1Ulbia9 perCMntap, all eapnaaed to the 
fire Hrvtce, .. re not aipificantly affected by eitller a99, fMd 
evel or c1oa treau.nt. TM bi9b fe.ctiq 1•••1 Cl.IN) and ClDa 

re fovu to eliptly uapro" r-.rocllactive perf~••nM. 
f ... •lao ....-Nd to aU.ptlJ favour tile tw•tootll ..,.. 



i• 

conipared to th~ aixed-1:ge ewes, although this was uot found to J:,e 

etatiatically aiqnifica~t (P > 0.10). There was howeYer a significant 

effect (P < O.CS) of ,vu.ation rate on the resuiting pregnancy rate 

(50.81 for• single CL vorsua 61.3\ for ewes having multiple CLs). 

The latabing percentage was also aig~ificantly affected by he 

ovulation r~ e of the ewes (P < 0.001), with single ovulating ewes 

having a lambing percentage of 56.0 ± 11.1\, while tho~ with 

m~:tlple ovulations had a lambing percentage to the first service of 

115.3 ± 6.7\. The mixed-age ewes also had a slightly better 

percentage of multiple births to the first mating (72.4\) than did 

the two-tooth e~•• (61.6\), although this difference was not 

scati~tically signifi~ant (P > 0.10). 

There was a significant interaction between the post-mating 

feeding level and the CIDR treatment (P < 0.05) in the pregnancy and 

embryo survival rates, as well as for the lambing percentage to the 

first mating. The post-mating CIDR supplementation had a beneficial 

effect for the ewes on the 1.0 M pasture allowance level, while the 

sa~e C!DR treatment for the eves on the 1.6 K level either had no 

effect or reduced reproductive performance slightly. The mechanism 

responsible for the int6raction between CIDR treatment and feeding 

level is not known. It is possible that it a somewhat more c0111plex 

mechanism than simply a luteal deficiency of progesterone caused by 

~ncreaae• in the nutritional level is reaoonsible. An insensitivity 

t~ pr°"aterone .. Y be involved, as the low fed eve tended to respond 

to poat-..ating CIDR treat .. nt, while the high fed evea did not. 



w 

r 

Pa r 

a 

a 

C 

f 

s 

h 

s 

f 



- . ,,., ... 
Mll111M:t ..... . ............................ . . ••• 11 

M'. IIIIQM\ATIJ■-· u .. . . ... 
Ltff atr !WaL&t .... . . . . . . . . . . ...... . . . la 
Lt t 01' f'tWI. . . . . . . . . . . . . . . . . ...... . . . . al 

. . . . au LIit' OF M.....,lAttOIIS . ... . ............................ . 

Ohltt• r~ lal.~ ............................................ . 1 

C'l>Ef tie.: II: LI.~ ....,_ ....................................... 3 

1 The ialportance of a hith reproductift perfonaance ........•.•...... 3 

2 Det:•~•nte of reprocluctift ,-rfoaaance ••............•........... 4 

3 The lapact of prenatal aortality .••••••••.•••••••••••••••.•••••••• , 

4 Factor-a affectiD9 ellbryonic aortality ••••.••••••••••••••••••.•••.• l 

4 . 1 11111,ryo w i90U.r .••••••• ,. ••.••••••••••••.•••.••.•••••••••••••••.• 9 

4. 2 Natel'TWll eow-irownt ••••..••.•••••••••••.••.•••••••••••••••.• 10 

4.3 Environaenu1 conclJ.tiona •••.•.••••••••••••••••••••••••.••••.• 12 

5 Phyaiol~ical control of illplaatation and eabryonic aur.ival •.•.• 15 

S .1 TM oeatr • c,.cl• ••..•.•••.•••.••...••••.••.•.•••...•.•..... 15 

5.2 •roe.•-• tnvolved in illlplaatation •••••••••••••••••.....•••• 16 

5.2.1·11at•cul C'9C09ftit~on of p~acy •.•.•.••..•.••••.••... 16 

S . 2 2 IJDOlarolll' •••••••••• > ••••••••••••••••••••••••••••••••••• 11 

5.3 ao--.1 nq.1 ..... ta for tbe .. tablia.._t of pnpaacy ..... n 

S.4 -1• 10Ullip bet...,.. ProtHt•cw i...1a and coACeption 

ntea . ....................................................... 20 

Fattore aff.c~laf •~•--- ~ratioae •••••••••••••••••••• 22 

,.1 ._..c of coc,ora lut• co..i.tton ratet ••••.•.•••••••••••••• 22 

• -2 ............................................. - ••••••••••••••••• 23 
ltnea, ... .......... · • • • · • • • • • • • • • • · • · · • • • .. • ............... 24 

I. t ~ri:ttoa ••..••••.•••• , ••.••••••••••.•• ,. .••••••••••••••..•••• 25 

, ft)'9io&.-.iul Na!• for ftlltrf.tiou1 etfeota oa PR9MterOM 

la . .... - ................... - ........ - ........................ 21 
sthote of 

t:t..all r ............................................. 21 . ., ....... 
a"'"i"l .......... . . . . . . ....... . . .............. ,, 

• a ., • ., 1 ,_ .... ,, .. , . 
- • • • •• * • • • • • • • • • • • • • ••• ............. n 

• . .. ,, ............. _ .... . • • • • • • • • •••• "' ••. IS 



4 

4 

akes 

ary ate 

V 

36 

9 

4 

4 

4 

43 

4 

44 

• 44 

• • • • • • . 45 

date nati n .••• 5 

. . . . . . . . . . . . . . .. 45 

• • • • • • • • • • • 4 7 

47 

ed sv d fr,._......,....,. ..... digestibil y 

s. 

• • • • • • • • • • • • • • • • • • • • 8 

ty . . . . ..... ••• 49 

. . . . . . . . . . . . . .. 
" . . . . . . . . . ...... . 

... 49 

. . 51 

. . . . • . . . . . . . . 51 

• • . • S1 

52 

. .•.•. 53 

•..... 53 

53 

54 

54 

8 



dii 

o ltte ff: -.i.u ............................................... . 59 

l Pasture a•-•-t .....•...............•••..•.................... 59 

2 VolUfttaey berbafe intake ......................................... 60 

2 .1 Li...,.it'ht of c..D .... . . • • . . ...•..•...•..••••.•.....•.•••..• 62 

3 Li veweipta of all ..,. •••.......•••.......•.......••...•....•.•.. 6( 

4 Synchrony in oneet oeatrua. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... 06 

S OYulat ion rate. . . . . . . . . . . . . . . . . . . . . . . . .......................... 69 

6 Propeterone "-oncentration .........•.•••.......................•. 70 

6. l 1'evele froa Daya 9 to 14 •••..•••.••....•••.•...•...........•• 70 

6.2 Pooled prQCJeaterone concentration ..................•......... 73 

7 Pl:"99!lancy rate . .................................................. 76 

8 Embryo aurvi•al (lallbe born per o,,,_ shed and 14Ullbing 

percentage) •.....•........•.....•..............•.••.•.•.•....•.•• 78 

9 Other reproductive traits .•..•...•.•....•.......•.....•••........ 80 

Cllllpt;e~ Y: ._.nl. D.l.llcaHS.O. aad Coac1uloaa ...•..•.••••.......... 81 

l Voluntary herbage intakes . ....................................... 81 

2 Live .. i9ht eh•~·· ...•..••.•................................... . 84 

3 Inc lance of oest rue ............................................. 8 6 

4 OYUlation rate (Ollt •••••••••••••••••••••••••••••••••••••.•••••••• 87 

S Propaterone concentrationa ••••.•.•.•...•...............•..•..... 87 

5.1 Daily prc>99aterone concentrationa •••...••••.....•............ 87 

5. 2 Pool1a9 of blood • ...,1.e •. .................................... 89 

5.3 Ate effect• on pro,,.aterone concentrationa •••..••.........•.. 99 

.4 Effect of CL nUllber on pro,,_atervne concentration .•.•••..•.•. 90 

.5 llutrition and pr099aterone concentration ••..••..•.....••.•••. 90 

5.6 Pr09eaterone and li,...i9ht interaetion •.••••••••..••..•...•• 91 

.7 &a099fto~• CIDll tNataent on pr099aterone concentrationa •••••. 92 

6 1Aproct1iacttw perforaaace . ........................................ 92 

' . 1 Ate . • ...................................................... 92 

Owl.at ion nt.e (Oil) .••••••••••••.•...•••..•....•••....•....•. 93 

6. l .reed,.LA'f le" ... " ................................................ 94 

. 4 CIDI. netaant. . ..............•..••.... • ... • • • • . • .. · · ..... · .. · It 

. Ca>a • feed 1 .... 1 !ater&ct ion. . .. . .. .. . . . . . . . . .......•...... 97 

'1 hrtlle,: N ... l'Olt at\lldiN . .. , .... , , ............ , .................. tt 

I oacl\la oaa. . . . . . ............................................... 101 

· · · · • • • • · " · · · · • • • • • • • • • • • • • • • • • • · • • •••. , ••.•.•••.••... 104 

. . . . . • . . . .. . . . • . . . . • . . • . . . . . . . . . . . • • . . ......•...•••...•. 101 



ix 

k11'F Of tN'lf I 

l ~'ffllllary of studies involving pr~sterone supplementa~ion 

in cattle and their effect on pregnancy rate ...•.............•. 29 

2 Sunnary of e udies investigating post-mating progesterone 

supplement• ion in sheep ........•.......•..•................... 31 

3· SW!lftlary of s ud1es inv lving human chorionic gonadotrophin 

(hCG) treatment in cattle •~d it~ effect o~ pregnancy rates .... 34 

4: Swmnary of s udies involving the effects of a single 

1njec ion of gonadotrophin releasing hormone (GnRH) on 

pregnancy rate i.n cows ........•............•.....•..•....•..... 36 

Effec sofa single injection of gonadotrophin releasing 

hormone (GnRH) on lllthinq perfonnance in aheep ........•......•• 37 

~: Paddock areaa, gra£ing treatfflenta and lftean pasture heights •.... 44 

Paa ure rotation used for the poet-mating blood sampling 

and hecal collecu.on during P-2 (Daya 9-14t .•.............• , .. 46 

Schedule us d for the daily coll•ction of faecal 

col.lee ons and blood aanpling dur· P-2 ..•.....••........•.. . 48 

9 ecr~ptive aaeeasment of pasture cover, height, 

oapoe ion and in yitro diqeatibilitiea for the three 

differen paet.un allowance le,,..la ...... ....................... 59 

O· d cted tae~al outpu • and V'Oluntary herbag-e intakes of 

' 

ewea dur1n9 the fMd1n9 per ioda •.....•..................... 61 

ntep <and nuat>era) of •we• n ••eh •99 9roup shoving 

• ua at • h obaervation follovin9 Cll)R reaov•l •••••••.••.•• 67 

f e fan, f.edin9 evel, CIDR tre•t.aent, ovul•tion 

rate and Pl'e9flancy ate ua on pooled progesterone 

at ion a . .. • .• , . .. • • • ..................................... 7 3 

tt• ap, fMCtin, level, CIDI' reat ... nt., oa and . "' 
1veraw. 

n era t ona on the a.,.r•.- pr~ncy rate and 

Nl9ft•ftcy rate r-elative to the nl.lllber of ovua 
•bed 

t • 

• ant 

•heel 

al t. 

I I • • • - I • e • • , • 11' 11 • • • • "f. !II • • • !11 1- • • • • • • 'I! • .,., 

, fMd1'\9 evel, ClOll tnataant, oa and 

ft• actioaf on the .-rye aunival 

y • H .. pa ta .. ot la.be born pH· ovua 

luibi.q paroent.._.) a.ad he pnceat..- ot 

Ila t t.M t rat .. t11a9.. . ......•.•....••.••.•..•• 71 



• 

15 · Effect f .... f"4iftCJ lewl, CIDI' t , cyel• and 

nunt,er of latllbe bom Oft the...,. birth .. 1911t., total 

litter .. i9ht, .. etation len,th. lllllb Ma ratio and percent 

of lt.iple birth .............•............................. 105 



•i 

w,:r ar trees• 

l: Ellt>t:yo surv ·,al in eh-.p . . . . . . . . . . . . . . . . . . . . . . . ........... ' 
2: ~ eral erperu.fttal plan and e•l•~~r f eYeftts •............. 42 

ewe g t l'i fnr the dud 

mental ~dod (fer t- "' t.wo- (21') and aized-a4Je 

(M>.) •--•>, ••well•• the• .canco -•..,.l~ ......•.... 63 

4: Livwwei~ht chan99e for the t?tal flock (n•206> 4urirt9 t.be 

esperifflen •• period (for tbe twc tooth 2T) and aized-•ge 

(MA) ewea), •• .. 11 •• the ai9ftif4cance level•········· ...•.. 65 

S· The daily and c\llllUlati,,. incict.nce or oeetrua follovin9 

CID~ witbdrattal (for t.rna two• 9rc • of ewe,, ............... 68 

-09•-~-rone conccitrationa for prepant Y9raua non-pregnant 

•--• during Daya 9-14 of the oestrous cycle (cor~ted for 

COfflflOn ovulation rate and fHd le,,.1, .•...••••...•.....•....••. 71 

7· Proca-aterone concentrationa for air19le ,,.rsua twin 

ovulatin9 --.a durin9 Daya t-11 of the oestrous cycle 

orrect.ed tor coaaon p~ancy atatua and feed level) ......... 72 

8· Sa er plot of ttae individual data point• •bovUMJ the 

la onahip bet-..n tbe pooled pla- prOCJeaterone 

c na.n a iona and U,,...i9ht for the tvo pcat-eatinq 

f...Sinv level.a . ................................................ 75 



xii 

LIST OF MBMVIATIQI!" 

fti.nale 

2 Mul iple 

AI Artificial insemina ion 

P Blood produc ion race 

c~ Con rolled internal drug releaser 

CL Corpus lutea 

Cen i.JM er 

-C o CIDR treatment 

+C CIOR reatment 
0 c Deg e Celcius 

C02 Carbon dioxide 

CPM Coun a per minute 

Cr Chr utn 

CP.D Controlled releasing device 

CV Coefficien of variat-on 

d Day 

C Day of oestrQus cycle 

M Ory tU. er 

Dry au er digestibility 

Oigeatibility of the organic matter in the dry matter 

! M 

F 

F H 

g 

I 

nRH 

H 

ha 

h 

IN 

1 

g 

M 

NA 

Diqeatible organic a~tter intake 

llinbank ~•sture -.ter 

Faeca output 

Fol1icle-ati11lulat1n9 hormone 

Gram 

G nado roph n rel asing h r.one 

High feeding or pa•Lure allowance level 

Hect.1u:·e 

Ht.UUn chorionic 9onadatrophin 

lnt.r:a-.uacular 

tnternat1onal unita 

l09na 

1lo.te 

iv feed n9 aature allowance level 

LJte n1a1ng ho ne 

Leaat squares -•n 
Na t nan 

M •~ e 



l 
2 

n 

ng 

OM 

0 

p 

-1 

-2 

p F 2Cl 

PMSG 

ppm 

SC 

SEM 

"T (2) 

u 

UJ. 

wt 

a lie cle~r~nc r~te 

Me aboli%a le nergy 

M ll gram 

Meoa joules of metabolizable energy 

Mi-lili er 

Square meters 

Number 

on-applicable 

anogram 

Non-pregnant 

Organic matter 

Organic mate~ djgestibility 

Ovulation rate 

Pregnant 

Peri->d I 

Per1.od II 

Prostnglandin F 2« 

P gnant mare serum gor.adotrophin 

Parts per million 

Sub-cutaneous 

S andard error of the mean 

Two-tooth ewes 

Micrograms 

Microliter 

Weigh 

xiii 



CR.APTER I : INTRODOC'l'IC.'N 



l 

cwm I; INT!\ODUCTION 

The ever-increasing world population has agriculturists, 
researchers, farmers, as well as politicians and world leaders having 
tc face the enormous task ?f making sure that there is enough food 
produced in the world fer human survival. One way of dealing with 
this potential life-thr~atening situation is by improving the 
efficiency of cur~ent agricultural production methods. 

In animal production, several methods have ~een used to control 
and enhance fertility in an attempt to keep some balance between 
supplies and demands of agric~ltural produce for this exploding world 
population. These include ir:.proved management of herds and flocks, 
~~tte= use of feed ~eserv sand i~proved nutrition, selection of 
breeding stock with superior genes and use of various hormonal 
~-atments and drugs to increase reproductive performa~ce. 

In the ewe, many ova released from the ovary never develop into 
v abl offspring due to a number of reasons. These include 
f rtilization failure and conception never occurs; early embryonic 
mortal y wh re the loss occurs early in gestation prior to 
im lantation: prenatal mortality where losses occur 3fter 
rnplantation or apJ)f:ar as abortions later on in gestation; and neo­

natal morality where the offspring dies at or soon after 
par ur;i..tion. 

In all domestic species early embrynnic mortality accounts for 
th major1ty of reproductive fu.lure with much of the loss occurring 

en conception anc implantation. Although the extent of embryonic 
leen esta llshed its causes ,re poorly understood. The 

varJ. yo reasons why these losses occur include qenetic, maternal 
and envir nmen al factors. By reducing the &1110unt of early embryonic 
m rta ity, it s po1a1 e to i~rove reproductive perfo:nunce which 

aa ntJ.al ran nc a~• in livestock production. 

i the auc eaaful establishment and maintenance of early 
r g an~, ;i.. J. essential that the hormone pr gesterone, be present 

1 a at am unta. Although it ia secreted froa several sources in 
h t al, its man source 1a the ~orpua lutewa (CL>, particularly 
t Yta1n tJrne th atroua cycle and during early pregnancy. 
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Progesterone concentrations have been used as indicators of pregnancy 

status and reproductive function - particularly luteal function, 

since it appears to have a vital role in reproduction. Researchers 

have used several methods of det~rmining progesterone concentrations 

and have tried to relate these lev~ls during certain periods in the 

cycle (particularly after breeding), to err~ryonic survival and 

conception rates. Some of these methods use samples collected from 

the blood plasma or serum and milk. Various factors have been known 

to influence progesterone levels such as the effects of ovulation 

rate, season, stress and nutritional level acting through various 

physiological pathways and complex mechanisms to alter progesterone 

concentrations. 

Inadequate luteal function and hence sub-optimal progesterone 

concentrations have been implicated in increased incidences of early 

embryonic mortality. One method of reducing early embryonic mor~alicy 

is through post-mating progesterone s~pplementation, particularly i= 

the reproductive wastage is caused through an associated luteal 

dysfunction. Supplementation of progesterone may be in the direct 

form where controlled internal drug release device~, sponges, 

imolants , daily injections or oral doses of progesterone are 

administered. Other methods of progesterone supplementation are the 

indirect forms where various tre~tments tend to stimulate luteal 

function. These treatments include the administration of GnRH, hCG, 

melatonin, LH and prolactin. These treatments have been shown to 

increase progesterone levels in both ewes and cows and 'u some 

situations they possibly improve the rates of embryo s~rvival. The 

net result is that more offspring develop and are born leading to an 

overall improvement in the females reproductive performance. 
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CHAPTER II: LITERATURE REVIEW 

l The importance of a high reproductive performance: 

The reproductive performance of livestock is recognized as a 

major determinant of productivity (Land et al., 1986). High 

reproductive performance in a breeding herd or flock is an important 

goal for livestock producers to strive for, whether the animals are 

raised for the production of eggs, meat, milk or fiber . This 

contributes not only to the biological efficiency of the operation, 

but also to the economic efficiency of the animal production 

enterprise (Dickerson, 1970). McGuirk (1976) indicates that 

maintaining the breeding female is one of the major costs associated 

with most production systems . By increasing the reproductive rate 

(the number of offspring produced annually by each breeding female) 

it is therefore possible to spread this fixed cost over a larger 

number of ~ffspring available for sale (Piper & Bindon, 1979). ~he 

potential to increase reproductive performance in sheep is more 

f , a sible than attempting to do the same with cattle as they have a 

naturally low reproductive rate. Hence, milk production of the cows 

and growth efficiency of the offspring are very important 

considerations in cattle production systems (Dickerson, 1970). This 

increased efficiency results in the livestock producer getting a 

greater return on his investment by reducing his production costs 

through increased output. 

Froffi the genetic viewpoint, a high reproductive rate is 

important since it results in a larger number of offspring available 

for selection, whether these are replacement females or potential 

herd sires, and this contributes to accelerated geneti~ gains in 

other productive traits (Sreenan, 1981; Vanvleck, 1981; Rae, 1986). 

The efficiency of reproduction may decline for many reasons, 

including seasonal, genetic, nutritional, anatomic, hormonal, neural, 

immunological, humoral, or pathological factors. These facto~s may 

result in partial or complete reproductive failure . However, those 

concerned with farm ar,imal production have the continued interest in 

preventing such failure. Recent advances io reproductive biology 

appear to promise rapid genetic improvement in farm animals. This 

improved genetic potential general ly means decreas~d relative cost to 
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the consumer because, as each livestock unit produces more, the 
maintenance cost of the unit is a smaller portion of the product 
(Vanvleck, 1981). Hence, better quality animal products at lower 
prices are made available to the consumer. 

2 Determinants of reproductive performance: 

In a livestock production system, reproductive performance can 
be measured in a variety of ways. The reproductive rate is most 
commonly used to assess reproductive performance. In sheep the 
r~productive rate is defined as the number oi lambs weaned per ewe 
per year (Rae, 1986) while in beef production it is similarily 
defined as the number of calves weaned per cow exposed to the bull 
per year or the average calf crop (Piper & Bindon, 1979). This is a 
complex trait, with variation resulting from effects contributed by 
the dam, the sire and the offspring and the interactions among them 
(Rae, 1986) . 

The reproductive efficiency in a dairy herd can be assessed by 
the calving percentage following a defined breeding season This can 
be measured in terms of a combination of calving rate, calving date, 
and the length of the calving season (Sreenan, 1981). Under New 
Zealand conditions, where the maintenance of a seasonally 
concentrated calving pattern is an essential requirement for 
successful dairy farming, obtaining a high herd submission rate is 
also of impcrtance (Macmillan, 1979). 

There are usually three main criteria used to describe 
reproductive rate. These include (1) fertility, (2) fecundity or 
prolificacy and (3) survival of the offspring (Piper & Bindon, 1979; 
Land, 1982; Gunn, 1983; Rae, 1986.) Fertility can be defined as the 
ability to breed (Gunn, 1983). It may be represented as the 
proportion of the cows pregnant (Piper & Bindon, 1979) or by whether 
or not a ewe has a lamb (Rae, 1986). Selection for increased 
fertility is likely to yield only limited improvement, mainly because 
the maximum level of performance is 100% of females conceiving to a 
specific mating. As well, McGuirk (1976) indicates that because of 
the low estimates of both repeatability and heritability for 
fertility, the rate of advance towards this upper limit is likely to 
be slow. 
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F~~undity is defined as the breeding rate or litter size (Piper 
& Bindon, 1979; Rae, 1986). In sheep, this is expressed as the number 
of lambs produced per ewe lambing. This is a consequence of the 
number of ova shed from the ovaries (ovulation rate) at the oestrus 
when mating occurred, minus the ova, embryo and foetal wastage 
expressed as the number of ova not represented by viable lambs at 
parturition (Gunn, 1983). A reduction in the fecundity or prolificacy 
results in a smaller litter size and even an increase in ewe 
barrenne~s. 

Beef production for instance, when compared to other domestic 
animals, is somewhat inefficient. This is because all cows do not 
produce a calf each year. It has been estimated that beef production 
could be increased by 60% in intensively managed herds through 
twinning (Mapletoft, 1986). Nevertheless, the chance of increasing 
prolificacy in cattle through an increased selection for twinning, 
offers lit~le hope for improvement. This is mainly due to the low 
heritability of the incidence of twinning in cattle (McGuirk, 1976) 
Because of this low selection potential for increased efficiency, 
greater emphasis is now being placed on other attempts to increase 
the reproductive rate in the cow through increasing the proportion of 
multiple (twin) births. Techniques used include embryo transfer (ET) 
and steroid immunization which aims to increase the ovulation rate 
(Piper & Bindon, 1579; Sreenan & Diskin, 1986). It seems logical that 
a reduction in embryonic mortality will increase prolificacy, not 
only in cattle, but in other livestock species as well. 

Survival rate is decribed as the ability of the offspring to 
survive to weaning (Rae, 1986) or the proportion of offspring weaned 
of those born (Piper & Bindon, 1979). However, as litter size 
increases, survival of the offspring tends to decrease (McGuirk, 
1976). Survival rate of the offspring may be reduced because losses 
due to exposure or starv~tion, infectious diseases, a , cidents and 
predators, and congenital defects being present in the new born, 
which seriously impairs their viability (Eales et al., 1983). Often 
the environmental conditions and the level of management available 
play a major role in affecting offspring survival rates. 
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In most cases the reproductive rate in sheep is mainly 
determined by litter size. Both ovulation rate (OR) and embryo 
survival are major factors influencing litter size with the number of 
ova shed at any particular heat period being the upper limit for 
fecundity in the ewe (Allison, 1975). Embryo survival, on the other 
hand, has less potential for increasing the litter size in the ewe 
when compared to the OR. There is however speculation that 
impr.ovement of prolificacy, not only in the ewe and other multiparous 
species, but in all domestic species will eventually be based on a 
reduction in embryonic mortality (Bolet, 1986). 

3 The impact of prenatal mortality: 

Of all the ova that are shed from the sheep ovary, only a 
proportion actually develop into viable offspring. This 'reproductive 
wastage', estimated to be 20 to 40%, can be due to failure of 
fertilization, as well as prenatal mortality (Moore, 1985). Prenatal 
mortality is the term often used to refer to deaths of the unborn 
which occur over the entire length of gestation - from conception 
through to parturition . These deaths can generally be subdivided into 
embryonic mortality - which include losses of fertilized ova and 
embryos up to the end of attdchment, and foetal deaths - which are 
losses occurring from the time of attachment until parturition 
(Chapman, 1980). Attachment or implantation in the sheep occurs 
during the fourth week of pregnancy (Wilmut et al., 1985b) and at 
about Day 45 of gestation in the co~ (Committee on Bovine 
Reproductive Nomenclature, 1972). Estimates in the range of 20 to 30% 
losses occurring from prenatal mortality are often used in describing 
this type of reproductive wastage in both the ewe (Edey, 1969a & 

1979; Moore, 1985) and the cow (Sreenan & Diskin, 1983; Roche, 1986). 

The greatest proportion of prenatal mortality appears to be from 
ea~ • y embryonic mortality in sheep rather than from foetal death 
(Quinlivan et al., 1966; Moore, 1985). In cattle, it is estimated 
that 75 to 80% of the prenatal mortality is manifest in early 
embryonic death le. within the first 20 days of fertilization 
(Sreenan & Diskin, 1983). Foetal deaths in both sheep and cattle are 
largely due to a number of disease conditions that terminate 
pregnancy later on in gestation and appear as abortions. Some of 
these diseases are Campylobacteriosis, Listeriosis, Toxoplasmosis and 
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Chlamydia! abortion in sheep (Rahaley, 1984); and Brucellosis, 
Vibriosis, Trichomoniasis, Leptospirosis and Infectious Bovine 
Rhinotracheitis (IBR) in cattle (Anonymous, 1968; Holmes & Wilson, 
1984). For reviews on these diseases which primarily cause abortion 
in sheep and cattle, see Rahaley (1984) and Anonymous (1968), 
respectively. 

It can therefore be stated that the greatest amount of prenatal 
loss in sheep and cattle occurs pri~arily as early embryonic 
mortality. In so~e cases, the animal will return to service at a 
regular interval because all of the ~~yos will have died. In cows 
when this situation occurs, they are commonly referred to as 'repeat 
breeders'. These animals return to service at regular intervals and 
it is often difficult to distinguish whether fertilization failure 
has occurred, or whether early embryonic mortality has occurred. It 
appears that most studies clearly indicate that early embryonic 
mortality is the prominent feature of the repeat breeder syndrome in 
cattle (Maurer & Chenault, 1983; Ayalon, 1984). Recent information 
obtained through embryo transfer studies also suggests that 
fertilization failure may be of considerable importance in repeat 
breeding animals (Johnson, 1986). 

The resultant reproductive ~astage in cattle is a major source 
of economic loss in production through extended calving seasons, 
shorter lactations, lower production and increased costs of 
artificial insemination (Roche, 1981). In ewes, partial failure of 
twin pregnancies also represents a substantial loss in the 
reproductive performance of the sheep flock. These are losses due to 
the death of one o~ two embryos during pregnancy and although 
estimates vary considerably, Kelly & Allison (1979) estimate that 
about 32% of ewes with two ovulations lose one embryo during 
pregnancy. The detrimental effects of embryo mortality to sheep 
production are not merely restricted to a reduction in the number of 
lambs born (partial embryo loss) or to the number of barren ewes 
(total embryo loss), but can also result in the birth of smaller than 
average lambs when partial embryo loss occurs during implantation 
(McKelvey & Robinson, 1986). There appears to be a n~ ~ural tendency 
for embryos to migrate between the uterine horns in sheep so that a 
balance in foetal numbers occurs prior to implantation. It has been 
suggested that this redistribution of embryos occurs so as to 
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minimize the amount of prenatal mor~ality occurring (Rhind et al., 

1980). If embryonic loss occurs after the implantation process has 

been initiated, the surviving embryo(s) are unable to utilize the 

maternal cotyledons vacated by the embryo that died. This results in 

a reduced number of cotyledon sites per embryo and impairs placental 

development, since the available placental blood supply and nutrients 

are not being used to their full potential. Smaller-than-average 

lambs are born as a result, which may lead to poor neonatal survival 

(McDonald et al., 1981). If embryonic loss occurs before the 

initiation of implantation, the embryos can redistribute themselves 

accordingly and space themselves so that they can take full advantage 

of the available maternal cotyledon sites for establishing placental 

development. 

4 Factors affecting embryonic mortality: 

There are numerous reports indicating the various factors 

affecting embryonic mo~tality in both sheep and cattle. See Edey 

(1969a & 1979), Chapman (1980), Knight (1983), Kelly (1984) and 

Willingham et al. (1986) for reviews concerning embryonic loss in 

sheep and Ayalon (1978) and Roche (1986) for articles regarding 

embryonic mortality in cattle. 

The following diagram shows the possible routes of action of 

various factors as they are thought to influence embryo mortality in 

the ewe. Even though not all these pathways will be discussed, the 

diagram may help in understanding the complex associations that exist 

between the embryo and the uterine environment. 
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Embryo Survival: 

Site in , •. ~rus 
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Figure 1: Embryo survival in sheep can be affected in 3 ways: 

(1) through the quality of the embryo itself, 

(2) the suitability of the uterine environment, 

(3) the direct relationship between the embryo and the 

uterus. 

Possible routes of action of environmental factors are shown {Land~ 

al., 1986). 

4.1 Embryo vigour: 

In order for normal embryonic development to occur after 

fertilization, it is critical that a normal complement of chromosomes 

be properly expressed. The presence cf any gross chromosomal 

abnormalities, such as translocations and aneuploidy can affect 

different stages of reproduction and in particular, the viability of 

the gametes and embryo (Bolet, 1986). Bishop (1964) proposed that 

these embryonic losses often occur spontaneously as a result of 

mutations which are unavoidable and should be regarded as a normal 

way of eliminating unfit genotypes which would otherwise be poorly 

suited for survival. It is difficult to say whether these abnormal 

conditions arise by chance and/or are inherited. It appears that the 

production of these zygotes with abnormal chromosomes do play some 

role in early embryonic mortality in domestic animals (Roche, 1986), 

although this does not solely account for the large embryonic losses 

in farm animals. 
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Condition of the gametes at the time of fertilization has also 
been douumented as a factor influencing embryonic mortality in both 
sheep and cattle (Edey, 1969a & 1979; Ayalon, 1978; Courot & Colas, 
1986). The condition of both the ovum and the sperm are of importance 
he~e, especially in the case where fertilization occurs but is soon 
followed by embryonic death. It has been suggested by Courot & Colas 
(1986) that the sperm, besides contributing to the fertilization 
process of the ovum, actually plays an important role in contributing 
to the capacity of the embryo to survive to become a viable 
offspring. This could depend, not only on genetic factors such as 
chromosomal abnormalities, but also on environmental factors such as 
season of semen collection, insemination time, semen handling and 
processing procedures, and other issues concerning semen quality. 
When aged sperm and the ovum are involved in the fertilization 
process, the resulting zygote often dies prematurely (Roche, 1986). 
Hence it is important to avoid aging of gametes in routine 
reproductive management programmes for livestock. 

4.2 Maternal environment: 

The breed or genotype of an animal is a factor that affects 
embryonic mortality . There appears to be a significant differences in 
embryonic losses recorded between breeds of sheep (Cumming et al., 
1975; M0yer, et al., 1983; Bradford, 1985; Meyer, 1985) and for ewes 
mated to rams from lines of sheep selected for high versus low 
prolificacy (Burfening et al . , 1977; Kelly, 1984; Wilmut et al., 
1985a). In cattle there appears to be no breed differences i~ the 
incidence of embryonic death (Ayalon, 1978), however there is 
evidence of genetic variabitity for conception rate at first service 
and embryonic mortality among different families of Holstein­
Friesians in the U.S.A. (Mares et al., 1961; Menge et al., 1962). 
Inbreeding in both sheep and cattle appears to influence embryonic 
mortality (Ayalon, 1978; Doney & Smith, 1968). Heyer (1985) indicates 
that 'uterine efficiency', which is the genetic variation in uterine 
ability of the ewes to produce multiple lambs, is another factor 
involved in explaining breed differences in relationship to embryonic 
mortality in sheep. Embryonic losses vary between and within sheep 
breeds according to OR (Bolet, 1986). Valid comparisons between 
breeds or crosses should therefore only be made at similar ORs using 
a selected sample. 
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Ovulation ra~e in sheep is a major factor affecting embryonic 
mortality. The prolific breeds of sheep having high ORs appear to 
have a lower number of lambs born per ovulation than do the less 
prolific breeds (Edey, 1969a). Sheep with two ovulations therefore 
have a greater proportion of embryonic mortality than do single 
ovulating ewes (Edey, 1969a; Wilmut et al., 1985b). Knight (1983) 
indicates that through partial failure of multiple ovulation (PFMO), 
embryo mortality exerts a major influence on the reproductive 
performance of the flock. Embryo transfer studies comparing litter 
size of ewes of different breeds have shown that OR is the primary 
factor limiting litter size in breeds characterized by low litter 
size. Embryonic mortality may be the limiting factor in breeds with 
both higher OR and litter size (Bradford, 1972). 

Embryonic mortality appears to be greater in younger females 
compared to older ewes (McMillan & McDonald, 1985; Wilmut et al., 
1985b). Quirke & Hanrahan (1977) found that even though fertilization 
rates between ewe lambs and mature ewes were similar, the ova from 
the younger animals were either of an inherent lower potential for 
survival and development or that conditions existed within the ewe 
lambs reproductive tract that were suboptimal, therefore having a 
deleterious effect on embryonic survi?al. This significant effect of 
age on embryo survival was even evident between 1.5 year old maiden 
ewes having a lower embryo survival rate than the mature ewes, 
although the difference was less pronounced (Blockey et al., 1975). 
The same situation appears to exist in cattle where heifers tend to 
have a higher incidence of embryonic loss than do older cows which 
have had several calvings (Erb & Holtz, 1958; Spitzer et al., 1978; 
Macmillan, 1979). 

During the period of implantation, the embryo and uterus must 
develop in a coordinated and synchronous manner. The growing embryo 
becomes increasingly dependent on the uterine environment for 
survival and growr.n. A hostile environment which is unsuitable for 
the maintendnce of the embryo will often lead to an increase in 
embryo mortality (Edey, 1969a). Therefore, the uterine environment 
must undergo continual modification in order to cope with the needs 
of the developing embryo prior to implantation (Findlay, 1984). The 
maternal hormones act indirectly via the uterine secretions and exert 
their affect on embryonic survival. Any hormonal imbalances in the 
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dam leads to a suboptimal or detrimental uterine environment (Fischer 
& Beier, 1986). 

There are a number of physiological processes at which variation 
in the embryo stage or hormone secretion could occur resulting in 
asynchrony between the uterus and embryo. This consequently will lead 
to an increased level of prenatal mortality (Wilmit & Sales, 1981; 
Wilmut et al . , 1985a & 1985b) . Recent work using embyro transfer 
techniques in sheep has focused on the role that hormones play in 
preconditioning the uterus prior to conception. Hormonal conditions 
before transfer markedly influence embryonic survival rates (Miller & 
Moore, 1976; Lawson et al., 1983; Lawson & Cahill, 1983). Differences 
in uterine secretions including concentrations of ions, energy 
substrates and proteins, were found to vary between normal females 
and those animals identified as being repeat breeder cattle (Ayalon, 
1984). It therefore becomes apparent that the uterine environment, as 
mediated primarily through shifts in the hormonal conditions of the 
dam, influences the incidence of embryonic mortality. 

4 . 3 Environmental conditions: 

Embryonic survival tends to vary according to the breeding 
season of sheep, with maximum levels having been reported in the 
middle of the breeding season, even though there were a greater 
number of ovulations at this time (Hulet et al., 1956). Abnormally 
high embryonic losses have been reported in ewes bred both early and 
late in the breeding season (Chapman, 1980). For sheep in the U.K., 
embryo survival rates tend to be lowest in March comp3red to other 
times during the year (Ashworth et al., 1984). 

The term stress generally c .. n imply many different things, 
whether they be naturally occurring or induced. Conditions which tend 
to stress animals have been implicated in causing varying degrees of 
embryonic mortality in sheep and cattle. Adverse environmental 
conditions such as high ambient temperatures appear to adversely 
affect embryo survival by being detrimental to proper embryonic 
development (Edey, 1969a; Thwaites, 1971; Sawyer, 1979). In cows, a 
late summer infertility problem exists which has been associated with 
the effects of high temperatures (Stott & Williams, 1962). Low 
temperatures combined with wet conditions also tend to increase the 
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incidence of embryonic mortality in ewes compared to animals which 
had access to shelter from these adverse environmental conditions (Griffiths et al., 1970). 

Man-made stress includes rough and intensive handling of stock, 
crowding, long and reckless trucking of animals and being chased and worried b y dogs. These have all been associated with causing varying 
degrees of embryonic mortality in sheep (Doney et al., 1976). Chapman 
(1980) advises to avoid physical stress, fright, heat stress and so forth ~uring mating and pregnancy of the sheep flock and emphasizes that the flock should be left undisturbed, particularily at mating. 

There is very little evidence to suggest that specific disease conditions play any significant role in causing embryonic mortality in the sheep (Edey, 1969a & 1979; Chapman, 1980). The disease organisms which cause reproductive losses in sheep occur as abortions in mid to late gestation (Edey, 1979). Hairy shaker disease, also kno~n as border disease, may cause embryonic death, as well as foetal death dnd abortion in ewes (Chapman, 1980 ) . In cattle, it appears that low grade non-specific infections are not normally a cause of embryonic loss (Sreenan & Diskin, 1983). There are however two infections, Vibrio fetus and Trichomonas fetu s , which have been implicated as probable causes of early embryonic mortality in cows 
(Adler, 1959). 

The influence of nutrition as a factor involved in embryonic mortality is well recognized. The subject has been reviewed by Edey 
(1976), Rattray, (1977), Robinson (1983), McKelvey & Robinson (1986) 
and :,obinson (1986), while others have looked at specific aspects of this relationship. Although there is a vast amount of literature dealing with this topic, there appears to be considerable variation 
in the reports as to the role that nutrition plays around th~ ~ime of mating and its effect on embryonic survival in the ewe. 

Variation in nutritional level before mating and body condition at the time of mating in the ewe both influence the number of ovulations and embryo survival (Gunn et al., 1969 & 1972). It has 
been ~hown that when submaintenance diets were fed in the first few 
w~eks after mating, they were associated with an increased incidence of embryonic mortality (Edey, 1966; Cumming, 1972a & 1972b; Cumming 
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et al., 1975; Hamra & Bryant, 1982). Other studies however have found 

that undernutrition had no affect on embryo survival (Parr & 

Williams, 1982; MacKelvey & Robinson, 1986; Parr et al., 1987a), 

although embryo growth was retarded in ewes fed submaintenance diets 

when the embyros were viewed at Days 11 and 21 post-mating (Parr~ 

al., 1982). Other experiments have looked at improved nutrition after 

mating and found that high feeding levels tended to be detrimental to 

embryo survival (Edey, 1976; Cumming et al., 1975; Brien et al., 

1977; Parr et al., 1987a). These results tend to suggest that 

extremes in nutrition soon after mating appear to have detrimental 

effects on embryo surviva rates. Robinson (1986) recommends keeping 

recently mated ewes on maintenance levels of feeding during the first 

month of pregnancy and to avoid any type of nutritional stress. This 

tends to keep embryonic wastage to a minimum. 

According to Robinson (1986), one can only speculate on the 

possible mechanisms by which nutrition affects embryo survival and 

growth. Overnutrition in early pregnancy, has been associated with 

heat stress, particularly if the fereales are in good condition at 

mating. Evidence suggests that during the early cleavage stages the 

embryos are particularly vulnerable to smalJ increases in maternal 

body temperature (Edey, 1976). Undernutrition, en the other hand, may 

result in a spontaneously-arising asynchrony between the uterine 

environment and the development of the embryo, resul~ing in an 

increase in embryonic mortality (Wilmut & Sales, 1981). Conclusive 

evidence for a modifying effect of nutrition on asynchrony has 

however not yet been established (Robinson, 1986). It is possible 

that a disturbance in the amino acid composition, or some other 

component of the uterine fluid (Fischer & Beier, 1986) and/or a 

reduction in the availability of glucose (Parr & Williams, 1982) may 

be responsible for the nutritional effects on embryo survival. 

Specific dietary nutrients are known to have a direct effect on 

embryonic mortality. A deficiency of selenium has been shown to 

impair embryonic survival in sheep because it is an essential mineral 

(Hartley, 1963; Piper et al., 1980). Provided there is no concurrent 

vitamin E deficiency in these selenium-deficient diets, then the 

supplementation of exogenous selenium to these deficient diets, or by 

direct administration of selenium will normally rectify the situation 

and improve the embryo survival rates. Other specific nutrients that 
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have been implicated in affecting reproductive performance in she~p include deficiencies of protein and some of the trace elements, particularly iron, cobalt, copper, manganese and zinc (Robinson, 1983). In cattle, deficiencies of phosphorus, beta-carotene, .1elenium and copper have been associated in increased incidences of emb~ y o loss (Roche, 1986). However, Robinson (1986) cautions that for many of these nutrients it is not clear whether their effect is solely on embryo survival or their effect is mediated through some other aspect of reproductive performance. 

Several specific types of feed, besides the previo~sly mentioned dietary nutrients have been documented in reducing embryo survival. Oestrogenic forages, particularly red clover has been shown t~ reduce fertility in both sheep and cattle. This feed is thought to affect fertility by a reduction in fertilization rather than an increase in embryonic mortality (Robinson, 1986). Cruciferous crops such as kale also interfere with embryo survival, particularly if fed during the implantation period (Williams et al . , 1965). It is not known whether the increased mortality is due to the result of a goitrogenic effect, anaemia or a reduced copper status (Robinson, 1983). 

5 Physiological control of implantation and embryonic survival: 

Ovarian function determines reproductive performance. Both the ovary and the ovarian hormones are responsible for ovulation and endocrine control of oestrus, conception and early pregnancy, as well as the development of the reproductive tract through early life and puberty. It therefore becomes necessary to understand and appreciata some of the complex events which occur, particularly at the time of conception and during the following period when a pregnancy is established and successfully maintained. 

5.1 The oestrous cycle: 

The normal sequence of hormonal changes responsible for the control of the oestrous cycle and ovulation in both the ewe a~l the cow is governed principally by the hypothalamic-pituitary-ovarian axis. This in turn is modified by hormonal feedback mechanisms involving ovarian steroid hormones, which are themselves produced as a result of stimulation by the gonbdotrophins of the developing 



follicle(s) and corpus luteum (CL). Regulation of tonic FSH secret ion 

however is not fully explained by the negative feedback effe cts o f 

the steroids produced by the ovaries, as shown by Goodman et al. 

(1981). It is thought that the ovary also secretes inhibin, a non­

steroid hormone that is produced in developing follicles and tends to 

control the FSH secretion (Haresign, 1985). 

Throughout the entire 0estrous cycle of bcth the ewe and the 

cow, a similar pattern of hormone secretion exists. Both cycles are 

divided into a luteal phase (period of an active CL) and a follicular 

phase (period of a follicle maturation and growth). The main 

difference occurs in the length of the cycle, with the ewe eye e 

averaging 17 days, while that of the cow averages 21 days. For 

reviews on the control of the oestrous cycle in the ewe, see Baird & 

McNeilly (1981), Smith (1982) and Haresign et al. (1983) . 

5.2 Processes involved in implantation: 

In order for successful implantation and maintenanc P. of 

pregnancy to occur in both the ewe and the cow, it is essential that 

biochemical communication between the e r..o ryc and the uterine 

endometrium takes place (Thatcher et al., 1985). There are two lines 

of evidence supporting the critical nature of this association. The 

first is known as maternal recognition of pregnancy where the embryo 

must be present in the ut ~rus by a certain time in order to maintain 

the function of the CL (Betteridge et al., 1980; Northey & French, 

1980). The second is that there needs to be a close synch~ony between 

embryo and the uterine environment (Rowson et al., 1969; Betteridge 

et al., 1980). 

5.2 . 1 Maternal recognition of pregnancy: 

The CL must remain in a functional state with continued 

progesterone production if a successful pregnancy is to be 

established. Without continued CL function, or supplemented 

progesterone from some other source, the embryo would fai l to survive 

and another period of oestrus would occur. It is thought that the 

fertilized embryo in its prolonged free-living state in the uterus 

sends out some kind of signal to inform the maternal environment of 

its presence so that t h e CL function can still be maintained. This is 
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a fairly complex sequence of events that must occur by about Day 12 
post-mating in the ewe (Moor & Rowson, 1966) and Day 16 post-mating 
in the cow (Betteridge et al., 1980) if a successful pregnancy is to 
develop. 

The embryo is involved in initiating production of a 
luteotrophin and/or antiluteolytic substance that acts by suppressing 
the action of prostaglandin F 2a (PGF 2a) at the uterine or ovarian 
sites (Cook & Hunter, 1978). PGF 2a is considered to be the main, 
naturally-occurring luteolytic substance that is secreted by the 
uterus (Findlay, 1981). The antiluteolytic effect of the early embryo 
in both the ewe and the cow is due to its presence totally 
suppressing or inhibiting the release of PGF 2a, at least into the 
peripheral circulation. In the ewe, Ottobre et al. (1984) showed that 
th~ embryo appears to inhibit the luteolytic effect of PGF 2a, 
rather than to suppress its secretion. It is thought that the 
blastocyst secretes an antiluteolysin, a protein called 
trophoblastin, and this in turn acts on the uterus to inhibit the 
effect of PGF 2a (Findlay, 1984). This signal tends to ?rolong the 
lifespan of the CL from one of a cyclic nature to a more p.3rmanent CL 
associated with pregnancy . The luteotrophic effect of the cow embryo 
is said to be mediated by a similar substance(s) produced by the 
blastocyst that acts directly on the ovary and in particular the CL 
to rr~intain progesterone secretion (Sreenan & Diskin, 19~~). Another 
way the embryo might prevent luteolysis in the ewe is by suppressing 
the release of luteal. oxytocin, since oxytocin is known to be 
involved in the mechanism responsible for the release of 
prostaglandin from the endometrium of the uterus (Findlay, 1984). 

5.2.2 Synchrony: 

A close synchrony between the embryo and the uterine environment 
is necessary for successful implantation. Several reports (Rowson et 
.!.!.:.., 1969; Wilmut & Sales, 1981; Wilmut et al., 1985a & 1985b) 
indicate asynchrony between the embryo and the ewe is a significant 
factor involved in embryo mortality. Some of this asynchrony has been 
known to arise spontaneously between the embryos stage of development 
and that of the dams maternal endocrine environment. 
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It would be expected that with perfect synchrony the proportion of pregnancies would increase . A modest asynchrony would not affect surviv~l because of the modulating influence of the uterus. However, beyond a certain unknown degree of synchrony, the fall in the proportion of pregnancies would be expected to be dramatic (Rowson & Moor, 1966; Wilmut et al., 1985a). In cattle, synchrony within the range of± 24 hours is acceptable between donor and recipient (Rowe, 1986), while in ewes the range is within the order of± 36 to 48 hours (Rowson & Moor, 1966). 

Asynchrony between the maternal environment and the embryo usually results from some kind of hormonal imbalance which tends to cause an unsuitable uterine environment for embryonic development (Maurer & Echternkamp, 1982). It has been shown that the timing of the changes in uterine function is determined by the time of the increase in progesterone concentration after oestrus (Miller & Moore, 1976; Wilmut & Sales, 1981; Lawson et al., 1983; Wilmut et al., 1986). The changes in progesterone lev~ls are partly responsible for dictating the synchrony between embryo and uterus. Embryo transfer and other studies with ovariectomized sheep indicate that a relatively small increase in dose of progesterone advanced the 'preparednes~' of the uterus to accept embryos by several days (Lawson & Cahill, 1983; Moore, 1985; Moore & Miller, 1985). This role of progesterone could influence the success of embryo transfer as it reveals an opportunity to control the ti~ing of changes in the recipient by administration of progesterone before the time of the rise in endogenous hormone levels (Wilmut et al., 1985b). This would result in a closer synchrony between e~bryo and uterine environment and lead to an increase in conception rates. 

In ewes that have a higher OR, some of the increased embryo mortality associated with these animals is the result of asynchrony between the uterine environment and one of her embryos. As the embryo stages vary within the high ovulating ewe, the chances of that ewe becoming pregnant increase, while the proportion of embryos surviving actually decreases (Wilmut et al., 1985b). When transferring embryos, it is important to consider that a higher proportion of pregnancies will be obtained if the recipients oestrous cycle is matched up with the stage of development of the donors embryo (Wilmut et al., 1985a). 
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5.3 Hormonal requirements for the establishment of pregnancy: 

During the early embryonic period it appears that the first week 

of development is unaffected by major changes in the endocrine 

environment (Wilmut et al., 1985b). The early environments only 

function is to permit development, while the later environment 

modulates the rate of development. 

Oestradiol from the ovaries and adrenals is not required for 

successful maintenance of the sheep embryo betweer. days 3 and 36 

(Cummi,~g et al., 1974; Trounson & Moore, 1974). Miller & Moore (1976) 

suggest that during the first few days after oestrus, oestradiol may 

play an important role in governing embryo transport from the oviduct 

to the uterus. Results from cattle embryo transfer studies show that 

the ratio of oestrogen to progesterone u0y be of importance since a 

higher ratio was found in cows with unf~rtilized eggs, degenerating 

embryos, or no recovered oocyte compared to cows that had a normal 

developing embryo (Maurer & Echternkamp, 1982). This indicates that 

there must be a necessary combination or balance of hormones present 

to ensure successful embryonic development. 

The timing of the changes in uterine function is determined by 

the time of the increase in progesterone concentration after oestrus. 

Progesterone will also increase the rate of cell division during 

early embryo development (Bindon, 1971; Wilmut & Sales, 1981; Parr~ 

al., 1982). This response is mediated through the influence of the 

progesterone on uterine function, which in turn influences uterine 

secretions and ultimately affects the rate of embryonic development 

(Trounson & Moore, 1974). 

Much of the work that has been done in establishing which 

endocrine changes are necessary for successful pregnancy to occur, 

have been carried out in ovariectomized animals t~at have had embryos 

transferred to them. Through the manipulation of the timing and doses 

of various hormones, it has been established that there are three 

phases of hormone treatment necessary for the establishment of 

pregnancy. These are: (1) the presence of progesterone before mating 

to mimic a previous luteal phase, (2) oestradiol, and (3) 

progesterone after mating (Bindon, 1971; Miller & Moore, 1976; Wilmut 

et al., 1985b). After mating, there are two phases where secretion of 
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progesterone controls uterine function. The first period is from 
oestrus until Day 4 or 5 in the ewe oestrous cycle when the 
supporting level should be low; followed by an increase in 
progesterone levels to that typical of the luteal phase (Miller & 

Moore, 1976). Pregnancy will only occur if a certain minimal baseline 
concentration of progesterone is present during the luteal phase 
after mating (Wilmut et al., 1986). 

A luteal phase prior to oestrus in the ewe is also required if 
successful pregnancy is to occur (Moore, 1985). This was concluded 
from experiments involving ewes that were ovariectomized for some 
months prior to receiving the various hormonal treatments before 
having embryos tran~ferred to them (Moo-e & Miller, unpublished). 
Clearly, ovarian secretary activity during and after oestrus is of 
major importance in the survival and development of early embryos. 

The mechanism by which these ovar ~n steroid hormones function 
is thought to be mediated via the uterine environment. It has been 
suggested by Moore, (1985) that one of their effects is where 
appropriate secretary activity or replacement therapy is responsible 
for the presence of substances in the maternal environment that allow 
the survival and development of embryos. Conversely, they could be 
responsible for the absence of substances which play an inhibitory 
rolf: in embryonic development. 

5.4 Relationship between progesterone levels and conception rates: 

If a normal pregnancy is to be established in both the ewe and 
the cow, the CL must continue to remain functionally active and 
secrete progesterone. In the ewe the CL must remain functional up 
until Day 55 of gestation when the placenta is able to produce 
adequate amounts of progesterone to maintain pregnancy (Moore & 

Rowson, 1959; Sachs, 1984). In the cow, a functional CL must be 
maintaine for a much longer time, up to approximately 215 days of 
gestation before the adrenal gland and/or placenta is able to produce 
adequate amounts of progesterone for the maintenance of pregnancy 
(Sachs, 1984) . 

The concentrations of progesterone in the peripheral blood 
plasma during the oestrous cycle in ewes have been well docwnented 
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(Plotka & E~b, 1967; Stabenfeldt et al., 1969; Obst & Seamark, 1970; Allison & McNatty, 1972; McNatty et al., 1973; Quirke & Gosling, 1975 
& 1976; Quirke et al., 1979; Wheaton et al., 1988). There have been several attempts to relate progesterone levels to conception rates both in cows and e~es, but unfortunately the literature has been contradictory. Investigation of the relationship between progesterone concentrations during the oestrous cycle before insemination and the subsequent conception rates has been conducted. Folman et al. (1973), Corah et al. (1974) and Rosenberg et al. (1977) reported that a positive relationship existed between progesterone levels during the cycle prior to mating and the subsequent conception rate, while later studies by Bulman & Lamming (1978) and Diskin & Sreenan (1986) failed to support the existance of this relationship. The appropriate progesterone priming before ovulation could influence the secretory activities of follicles and CLs which exert their effects on the uterine environment, and thus could possibly influence the resulting conception rates (Moore, 1985). 

Relationships between conception rates and progesterone levels following mating have also been investigated. Bindon (1971) reported that the mean progesterone concentration for pregnant versus non­pregnant ewes is higher from Days 10-11 onwards, but the difference is not statistically significant u,til Days 16 to 17. Similar results by Obst & Seamark (1970) indicate that pre nant ewes have higher progesterones levels from as early as Day 12 following mating. Cumming et al. (1971) found that where embryonic loss occurred, plasma progesterone levels fell, but the drop in levels did not become significant until Day 15. Some care should be taken in the assessment, interpretation and comparison. of these findings because of the frequency of blood sampling relative to the frequency of naturally occurring fluctuations in progesterone level. In pregnant cows, even though a higher progesterone level is evident from about Day 13 onwards, it is not until about Day 16 that a significant relationship between progesterone levels and conception rates appeared (Diskin & Sreenan, 1986). At this time, the difference is caused by luteolysis in those animals failing to become pregnant (hence a non-fun · ional CL) rather than a luteal deficiency at an earlier stage. 
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Considerable variation exists between ~nimals in both basal 
circulating progesterone concentrations and in the progesterone 
concentrations associated with the survival of all of the embryos. 
Partial or total embryo loss in the ewe is associated with lower 
baseline progesterone levels during the luteal phase of the cycle 
(Wilmut et al., 1986). Progesterone concentrations in milk, plasma or 
serum in the early part of gestation can therefore be related to 
conception rates as a reliable method for diagnosing pragnancy. In 
the cow Beghelli et al. (1986) indicate that the measurement of 
progesterone levels in milk can be used as an efficient method of 
indirectly determining early pregnancy. This has been shown to be 
reasonably effective if based on two samples, the first one being 
collected at insemination and the second one 21 to 23 days later. The 
second sample should be at a level comparable to those of the luteal 
phase of the cycle, thus indicating pregnancy. Plasma progesterone 
levels have also been successfully used to determine pregnancy status 
and to predict litter size in sheep when examined at a latter stage 
of gestation (Gadsby et al., 1972). 

6 Factors affecting progesterone concentrations: 

There appear to be four ways whereby progesterone concentration 
can be altered. (Reference to Figure 1 shows the four factors which 
have been identified as affecting the hormone levels.) These include 
CL number, season, stress and nutritional status. These will now be 
briefly discussed. 

6 . 1 Number of corpora lutea (ovulation rate): 

The ovulat_on rate and hence the number of corpora lutea (CL) 
will influence the progesterone concentration in the female. This is 
a situation involving species that are typically litter-bearing, such 
as the ewe and the sow, rather than the normally single-ovulating 
cow. 

In recently mated, ovariectomized ewes, Bindon (1971) showed 
that supplementation with varying doses of exogenous progesterone had 
a clear effect on the number and viability of embryos. From this he 
hypothesized that the number of CLs, as well as the number of embryos 
might con~ ivably influence the level of plasm.s progesterone. Further 
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work indicated that ewes with two CLs and no embryonic loss had a 
higher plasma progesterone concentration than did those with only a 
single CL, but the difference was evident only after Day 12 post­
mating (CWll'lling et al.,1971). 

Lamond et al. (1972) reported that ewes with one or two CLs had 
similar progesterone levels. Conversely, Eastwood et al. (197S) found 
ewes with two CLs had greater blood progesterone levels than 
uniovular sheep. Similar findings were reported by Quirke et al. 
(1979) and Williams & CUJll'lling (1982) where progesterone levels ~ere 
found to be slightly higher in ewes with two ovulations than in ewes 
with only a single ovulation. Others have reported that the level of 
progesterone during the luteal phase increased as the number of 
ovulations increased, however each additional ovulation or CL 
produced less progesterone (Wilmut et al., 1986). This has led to the 
conclusion that the relationship between the number of CLs and plasma 
progesterone concentration is not a simple linear function. 

6.2 Season: 

Season of the year influences the se~retion of progesterone in 
both the ewe and the cow. Progesterone levels and subsequent 
conception· rates were higher in mid-mating season than at either end 
of the sheep breeding season (Lamond et al., 1973 ; Wheeler & Land, 
1977; Quirke et al., 1979). Similar findings were reported by Kittok 
et al. (1983) and Wilmut et al. (1986). Ashwcrth et al. (1984) 
indicate that there is an increase in embryo mortclity in spring 
mating of sheep and this is due to an associated lowe - baseline level 
of progesterone during the luteal phase of the cycle. 

Embryo survival of ewes was found to be lower in March (in the 
U.K.) than any other time of the year (Ashworth et al., 1984). 
However, when the effects of progesterone were considered, the effect 
of season was no longer significant, thus indicating that this effect 
is mediated entirely by progesterone (Wilmut et al., 1986). The 
resulting infertility caused by the seasonal progesterone secretion 
difference (or seasonal differences in 0~s) is sugg sted as causing a 
wide range of uterine environmental cc~c:U.tions that cause asynchrony 
between uterus and embryo (Ashworth et ~l., 1984). This results in ar. 
increase in embryo mortality and a decl ine in conception rates. 
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The mode of action causing this seasonal effect on progesterone 
secretion and subsequent reproductive performance is believed to 
depend upon changes in the sensitivity of the hypothalamus to 
oestradiol which affects subsequent LH secretion (see review by 
Karsch et al., 1980). These observed differences in progesterone 
levels may therefore reflect changes in this feedback relationship. 

In the cow, seasonal differences in progesterone concentrations 
also exist. During the summer months, the progesterone concentrations 
between Days 4 to 15 of the oestrous cycle have been reported to be 
lower than that of the same portion of the cycle during the winter 
months (Rosenberg et al., 1977). These lower le~als of progesterone 
in summer correspond to reduced conception rates in the summer versus 
the winter months. Rosenburg et al. (1977) suggest that this is due 
to slower CL development during the summer than in the winter . 
McNatty et al. (1984) reported that the weight of the CL tissue in 
bovine ovaries was significantly lower in spring than in the autumn­
winter period. This difference in CL weight corresponded to a higher 
mean plasma progesterone concentration from heavier CLs than from the 
lighter ones . It is reasonable to conclude that seasonal differences 
in the growth of the preovulatory follicle and size of the CL are a 
direct consequence of seasonal differences i11 gcnadotrophin 
secretion. 

6.3 Stress: 

Stress is another factor that has been shown to infl~~nce the 
embryo survival rate both in sheep and cattle through 3n assoc tion 
with progesterone concentrations. Much of this stress has an adverse 
ef~ect on embryo mortality by increasing the activity o t t he adrenal 
gland. Treatment with adrenocorticotrophin (ACTH) during the first 
iew weeks of pregnancy in both the ewe and the cow tended t educe 
fertility by increasing embyronic mortality. The ACTH treatment 
mimicks the effect of stress, decreasing embryo survi val through 
increased adrenal gland activity which disturbs subsequent l uteal 
function (Doney et al., 1976; Stoebel, Moberg, 1982). Doney et al. 
(1976) suggests that the pattern of the ovulatory surge of LH is 
influenced by both stress and ACTH injectio1. and thi~ could upset 
oocyte maturation or subsequent luteal function. Cattle injected wit h 
ACTH have inhibited progesterone synthesis from the CL, while t he 
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adrenal gland is provoked into releasing more progesterone (Wagner~ al., 1972). These results indicate that adrenal hyperactivity (caused by stress-related conditions) is involved in the mechanisms responsible for reduced embryonic survival through altering pro;esterone secretion. 

6.4 Nutrition: 

The level of nutrition has been shown co influence the progesterone concentration in the ewe. Cumming et al. (1971) reported that recently mated ewes fed a low level diet, 0.25 maintenance (M), after joining had a significantly higher plasma progestero~e concentration than did the better fed ewes on either a 1.0 Mor 2.0 M diet. It was concluded that an inverse relationship exists between nutritional level and progesterone concentration within the oestrous cycle of the ewe (Wil'iams & Cumming, 1982). Similar results have been reported by Rhind et al. (1985) who found that progesterone levels were higher in ewes on a low ~tak~ after mating compared with those on a high i,take This relationship is of particula~ significance since undernutrition o& ewe~ in ~ariy pregnancy was originally thouq,t J be iinked to an _ncreased incidence of embry~nic mortality (Edey, 1906). 

Parr et al. (1982) showed that when p-ogesterone supplemented ovariectom zed ewes were fed differing levels of nutrition duriny the first three weeks of pregnancy, the underfed (0.25 M) ewes tended to have elevated peripheral progesterone levels compared to ~he we.l-fed (1.0 Ml ewes. There appeared to be no dif~erence in the incidence of early embryonic mortality betwe~n the two feeding levels, however embryos from the undernourished ewes were smaller and less developed than their counterparts from the well-fed ewes when viewed at Day 21 of gestation. This embryonic retardation emphasizes the importance of proper nutrition in early pregnancy. 

Overfeeding during early pregnancy in ewes has been shown to reduce the concentration of peripheral progesterone which subsequently has a detrimental effecc on the resulting conception rate. Diets in the order of 1.5 M (McKelvey & Robinson, 1986) and 2.0 M (Parr et al., 1987a) resulted in ewes having slgnificantly lower plasma progesterone concentrations and reduced conception rates 
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than did sub-maintenance level diets of either 0.5 Mor 0.25 M 
respectively. The effects of body condition at mating or the time of 
embryo transfer appeared to have little effect on the level of 
embryonic mortality, whereas the level of feeding at the time of 
embryo transfer and mating had a pronounced effect on the embryo 
mortality levels ie. ewes receiving the low (0.5 M) compared to the 
high (1 . 5 M) level of feeding tended to have significantly less 
embryonic loss (McKelvey & Robinson, 1986). 

These findings have led to re-evaluation of earlier feeding 
practices which emphasized the importance of a high plane of 
nutrition, particularly at the time of mating. Good feeding is still 
essential, however extremes in nutrition can have detrimental 
consequences. The high levels of feeding, as already mentioned, can 
decrease peripheral progesterone concentrations and increase embryo 
losses. The other extreme is undernutrition, which increase~ 
progesterone levels and consequently embryonic survival . Cumming il 
al. (1975) found ewes fed a 1.0 M diet had a higher level of embryo 
survival than did ewes fed either a 0.25 Mor 2.0 M diet. Extended 
periods of undernutrition however, can cause ewes to have smaller and 
less developed embryos resulting in both lighter lambs at birth and 
lower litter sizes (Parr et al., 1982; Robinson, 1986). If 
developmental events are adversely influenced by maternal 
undernutrition, then an insidious loss in the form of reduced 
production throughout adult life could occur (Parr et al., 1982). It 
is therefore recommended by Robinson (1983) to keep the ewes on 
maintenance levels of feeding, especially during the first month of 
pregnancy. 

There are few studies which deal specifically with the effects 
of plane-of-nutrition on embryo survival in the cow, particularly 
those investigating post-mating feeding levels. However, Lamond 
(1970) has suggested that the sheep could be used as a convenient 
model for testing how nutrition influences reproduction. For a 
comprehensive study looking at the nutritional and hormonal 
interrelationships in beef cattle and their effects on reproductive 
performance, see the review oy Short & Adams (1988). As well, 
Gauthier et al. (1984) have reviewed the effects of undernutrition on 
fertility in ruminants. 
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7 Physiological basis for nutritional effects on progesterone levels: 

The physiolvgical mechanisms responsible for controlling the concentrations of peripheral progesterone in ewes has been an area of interest for some time. Cumming et al. (1971) suggested that the changes in pla~ma progesterone concentrations observed from nutritional trial work involving sheep were due to either altered metabolic clearance rates (MCki of progesterone from the body, mobilization of stores of progesterone, or through changes in proge3terone secretion rates. Parr et al. (1982) suggested that secretion rates of progesterone are unlikely to be the cause of altered plasma progesterone levels. This was concluded from ovariectomized ewes, where the major endogenous source of progesterone (CL) was replaced with a controlled supply of exogenous progesterone. In these animals, increased plasma progesterone concentrations still occured in the nutritionally-restricted ewes which may have been due to an effect on progesterone catabolism. 

The rate of pcrtal b~ood flow to the liver of ewes was shown to increase as a direct result of feeding, while the fasted ruminant had a reduced blood flow rate (Bensadoun & Reid, 1962). As well, the liver appears to be one of the major sites of progesterone catabolism even though extra-splanchnic organs are also partly involved in progesterone catabolism (Bedford et al., 1974). Recent work by Smith et al. (1986) and Payne et al. (1987) indicate that high feed intake and body weight are associated with an inr.rease in the clearance rate of ovarian steroids from the circulation. These findings tend to support the concept tha it is changes in the MCR, rather than changes in the blood production rate (BPR) of peripheral progesterone, which are responsible for differing progesterone concentrations in nutritionally treated e~es. 

Parr et al. (1987b) has confimed that increased MCRs of progesterone brought on by high levels of nutrition after mating, reduce peripheral progesterone levels and have been associated with an increased incidence of early embryonic mortality in ewes. It would appear that unless compensatory changes in eecreation rate from the ovary occur, then the progesterone levels in some overfed ewes would be altered, resulting in some animals having peripheral progesterone concentrations below the threshold necessary for embryo survival. 



8 Effects of post-mating progesterone supplementation on early 
0 mbryoni= mortality: 

In order for the establishment and maintenance of pregnancy 
occur, a functional CL is essential for the consequent cessation 
oestrous cycles. It has been postulated that early embryonic death 
a nwnber of species of domestic animals may be due to a deficiency 
progesterone (Moore et al., 1960). This deficiency of progesterone 
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thought to occur during the luteal phase of the oestrous cycle 
following breeding when a normal CL should be functioning. The 
rationale for the supplementation of progesterone is to create an 
environment which allows the embryo to survive to a stage where its 
effects (antiluteolytic and/or luteotrophic) however mediated, are 
strong enough to maintain a functional CL (Sreenan & Diskin, 1983; 
Diskin & Sreenan, 1986). Many of the early studies on conception rate 
failure, particularly in the cow, attempted to determine if luteal 
dysfunction was actually the cause of reduced conception rates. 
Several reports have also looked at the effects of treatment with 
supplemented proge$terone on the conception rates in sub-fertile or 
repeat breeder cattle and these investigations are indicated in the 
following tables. 

Attempts have been made tc supplement progesterone directly, 
such as in the form of oral administration, injections, implants, 
sponges and controlled releasing device3. Others have used indirect 
methods (or luteal stimulation) where certain antiluteolytic or 
'luteo-prote=tive' substances have been administered to increase or 
maintain luteal function. Both direct and indirect treatments have 
been carried out at varying times following mating in order to 
increase conception rates. Most of the treatments have been given at 
the time of initiation or during the luteal phase of the oestrous 
cycle. Some of the treatments have also been given at mating or 
immediately after mating. On& or more treatments may be involved. 

8.1 Direct effects of progesterone supplementation on embryonic 
survival: 

Table 1 summarizes the findings of various studies of direct 
progesterone supplementation in cows and their effects on increasing 
the pregnancy rates through increased embryonic survival rates. 
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Table 1: Summary of studies involving progesterone supplementation in cattle and their effect on pregnancy rate. 

Author 

Herrick (1953) 
(Repeat Breeders] 

Dawson (1954) 
(Repeat Breeders] 

Wiltbank et al. 
(1956) 
(Repeat Breeders] 

(Repeat Breeders) 

Johnson et al. 
(1958) 

Sreenan et al. 
(1979) 

Marcus & Ayalon 
(1981) 

Folman et al. 
(1983) 

Sreenan & Diskin 
(1983) 

Diskin & Sreenan 
(1!;86) 

Macmillan & Taufa 
(1987) 

Treatment Pregnancy Rate Change 
Cntrl Trmt (I) 

n 

500mg Repositol 
Prog. DAO (at service) 

5% 
(1/20) 

l0Cmg Prog. 
D4-5 

50mg Prog. 
D3 to D35 

200mg Prog. 
D3 to D34 

500mg Prog. 
D2,3,4,6,9 

100mg Prog. 
010 to D20 

17% 
(3/18) 

13% 
(12/36) 

26% 
(8/31) 

42% 
(29/69) 

52% 
(13/25) 

250mg Prog. Sponges 
06-7 to 017-18 

35% 
(15/43) 

PRID8 

Dl4 to D26 

100mg Prog. 
Dl0 to 020 

100mg Prog. 
05 to 035 

CIDR (121) 
D14 to 20 

Exp 1 70% 
(28/ 40) 

Exp 2 70% 
(21/30) 

Yr 1 67% 
(19/28) 

Yr 2 63% 
(22/35) 

Yr 3 65% 
(24/37) 

Yr 4 57% 
(24/ 42) 

Total 63% 
(89/142) 

45% 
(9/20) 

G2% 
(293/472) 

n 

35\ 
(7 /20) 

47% 
(22.'47) 

44% 
(H,'36) 

39% 
(12/31) 

70\ 
(49/70) 

69% 
(18/26) 

58% 
(18/31) 

+30\ 

+30% 

+11\ 

+13% 

+28% 

+17% 

+23\ 

82% +12% 
(31/38) 

73\ + 3% 
(22/30) 

79\ +12% 
(19/24) 

68% + 51 
(21/31) 

64% - 1% 
(21/33) 

55% - 2% 
(23/42) 

65\ + 2% 
(84/130) 

74\ +29\ 
(14/19) 

761 +14' 
(92/121) 

A 
B 

indicates day of oestrous cycle, where DO• oestrus. Progesterone Releasing Intravaginal Device. 
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From Table 1 it appears that a trend exists whereby 

prog sterone supplementation increases the pregnancy rates of cows. 

This is particularly noticeable in the repeat breeder cattle as 

indicated in the table [See Herrick (1953), Dawson (1954), Wiltbank 

et al. (1956) and Johnson et al. (1958) .] 

In sheep the direct supplementation of exogenous progesterone 

has been used by some workers in an attempt to improve embryo 

survival rates. Table 2 summarizes the findings of these experiments. 

The experhnent of Parr et al. (1987a) investigated the effects 

of post-mating progesterone supplementation on the conception rates 

of ewes fed three different levels of diet during the first two weeks 

following mating . When post-mating controlled internal drug releasers 

(CIDRs) containing progesterone were inserted in some ewes in each of 

the three feeding levels from Days 8 - 14 post-mating, a significant 

increa~e in the pregnancy rate was seen only in the ewes fed the high 

ration (2 . 0 M). The exogenous progesterone supplementation 

significantly increased the pregnancy rate from 48% (control) to 76% 

(CIDR-treated). This significant increase in the pregnancy rate for 

the CIDR-tre~ced ewes on the high feeding level was associated with a 

dramatic rise in tl,e peripheral progesterone concentration when 

examined at Day 12 post-mating. Nutritional levels and exogenous 

progesterone supplementation significantly affected Day 12 plasma 

progesterone concentrations in sheep, although no interaction was 

found to exist between these two factors (Parr et al., 1987a). 



Table 2: Summary of studies investigating post-mating progesterone supplementation in sheep. 

Author 

Pearce et al. 
(1984) 

Peterson ~ 
(1984) 

Smith et al. 
(1985) 

oa vis !.L.!.!.:, 
( 198 6) 

Kerton et al. 
(1986) 

Treatment 

Cronolone (FGA) 
Sponges 

OAl0-13 to 024-27 

CIDR (9\) 
t'l8 to 014 

CIOR (12\J 
010 to 016 

CIOR (9\) 
08 to 014 

Cronolone (FGA) 
Sponges 

08 to 014 

McMillan (1987) CIOR (12\) 
07-9 to 012-14 

Pacr et al. 
(1987) 

Murray et al. 
(1988) 

CIOR (340 mg) 
08 to 014 
+3 ,eed Levels£ 
02 Lo 014 

CIDR (9\) 
05 to DlO, 
DlO to 015 & 
05 to Dl5 

Results 
n 

6~4 

220 11 
207 12 

450 

283 

120 

748 

l40C 

330 II 
M 
L 

200 

7t' 
B 
C 

Day of Cycle (Day O · Oestru~) 
Hoggets 
Ewes 

Cntrl 

34' 
46\ 

29\ 
67\ 

77\ 

57\ 
105\ 

50\ 

56\ 
34\ 
35\ 

48\ 
68\ 
67\ 

79\ 
1. 95 

Trmt 

45\ 
75\ 

64\ 
95\ 

76\ 

83\ 
125\ 

50\ 

79\ 
67\ 
54\ 

76\ 
65\ 
60\ 

100\ 
2.32 

Comments 
Sign Parameter 

•• 
? 

• 
* .. * 

NS 

• 
• 

NS 

• 
• 

NS 
NS 

Pregnancy Rate Artificial insemination at a synchronized 
Lambing Rate oestrus and PMSG treatment also used. 

Pregnancy Rate Natural mating at a synchronized oestrus. 
Lambing Percentage 

Lambing Rate Natural mating on second cycle following 
synchronized oestrus. 

Foetus/Ewe Joined Artificial insemination at a synchronized 
Foetus/ewe Pregnant oestrus. 

Non-Return Rate Artificial insemination at a synchronized 
oestrus and PMSG treatment also used. 

Lambing to 1st Serv Synchronized oestrus and natural mating for 
NPM/NP both ewes and hoggets. 
NPM/NP 

Ewes Pregnant 
Ewes Pregnant 
Ewes Pregnant 

Naturally mating at a synchronized oestrus. 
Nutritional treatments imposed for 2 weeks 
following mating . 

NS Conception Rate 
NS Litter Size 

Synchronized mating followed by 
andr- ,tenedione immuniz·•ion (Fecundin) or 
injection of 750 IU PM~ at sponge removal. 

u 
E 

Number pregnant with multiple/number pregnant. 
Diets were High (2.0 Ml, Medium (1.0 Ml , Low (0.25 M). 

w .... 
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The exogenous progesterone administration in cattle increased the circulating plasma progesterone concentrati~ns, however the increases were not significantly different when compared to the controls (Sreenan et al., 1979). The administration of supplemental progesterone (100 mg/day) to beef heifers from Day 10 to Day 20 post­mating, decreased the weight of luteal tissue, but did not affect plasma progesterone level over this period (Sreenan & Diskin, 1983). 

The effect of exogenous progesterone supplementation during the luteal phase of the cycle following mating in both the cow and the ewe tends to increase conception rates, although the results are not statistically significant. The use of progesterone supplementation in repeat breeders therefore may be of some benefit. Sreenan & Diskin (1983) suggest however that sub-fertility problems of greater magnitude are likely to be associated with repeat breeders, rather than s imply a deficiency of luteal progesterone. In the case of a nutritionally induced progesterone deficiency, caused by excessive feeding soon after mating, progesterone supolementation is beneficial, as shown by Parr et al. (1987a). This was only evident where the levels of nutrition exceeded twice the normal maintenance requirements. The effect of the progesterone supplementation in this case significantly improved the embryo ~ rvival rates. 
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8.2 The indirect effects of luteal stimulation on embryonic survival: 

Indirect supplementation of progesterone can be given in the form of substances such as human chorionic gonadotrophin (hCG, , gonadotrophin releasing hormone (GnRH), melatonin, luteinizing hormone (LH) and prolactin, which cause luteal stimulation and/or result in accessory CL formation. These have been shown to increase peripheral progesterone concentrations during the mid-luteal phase of the oestrous cycle in both the cow and the ewe. In some situations these treatments have tended to result in 0u improvement of the females reproductive performance . 

8 . 2 . l HCG treatment: 

Treatment with hCG has occasionally been used as an alternative to progesterone supplementation. These placental gonadotrophins (hCG) are luteotrophic in the bovine and have therefore been used to stimulate luteal function in the early post - insemination period (Holness et al., 1982). HCG is administered during the early or mid­luteal phases as a luteotrophic substance. _his tr~atment has also been used at around the time of luteolysis to supplement the action of a possible inadequate luteotrophic or antiluteolytic signal from the developing embryo . This hCG treatm~ .t might therefore allow the establishment of pregnancy (Diskin & 5reenan, 1986) . 

Table 3 summarizes the findings of several experiments involving hCG treatment during the luteal phase of the cycle following mating. The major ty of this research has investigated the effects of hCG therapy on the conception rates in cattle, including those with sub­optimal reproductive performance (Holness et al., 1982). 



34 

Table 3: Swrmary of studies involving human cr.orionic gonadotrophin 
(hCG) treatment in cattle and its effect on pregnancy rate~. 

Author Treatment Pregnanc~ Rate Change 
Cntrl +hCG (%) 

n n 

Wiltbank et al. 1000 IU hCG 63% 69% + 6% 
(1961) D15 to D35 (26/ 41) (27 /39) 

Wagner et al. 1000 IU hCG 50% 61% +11% 
(1973) 03 (18/36) l22 /36) 

2000 IU hCG 55% 64% + 9% 
03 (18/33) (21/33) 

Sreenan et al. 1500 IU hCG 52% 65% +13% 
(1979) D10 to D20 (13/25) (17 /26) 

Greve & Lehn-Jensen 1500 IU hCG 75% 81% + 6% 
(1982) D13 to D35 (44/59) (26/32) 

Holness et al. 1000 IU hCG 33% 41% + 8% 
(1982) 04 to D19 (6/18) (9/22) 
[Repeat Breeders) 

Santos- Valadez 5000 IU hCG 56% 67% +11% 
et al. (1982) D15 04/114) (76/114) 

Sreenan & Diskin 1500 IU hCG 52% 65% +:.3% 
(1983) D10 to D20 (13/25) (17 /26) 

1500 IU hCG 67% 57% -10~ 
D10 to D20 (19/28) (13/23) 

1500 IU hCG 45% 56% +11% 
D5 to D35 (9/20) (9/16) 

Helmer & Britt 5000 IU hCG 66% 60% - 6% 
(1986) 03 (34/52) (26/44) 

T~aatment with hCG in cattll oduces a small improvement in 

conception rates, although these inc_eases in reproductive 

performances have not proven to be significant. These trends with hCG 

treatment are comparable to the results of progesterone 

supplementation in cattle, as seen earlier in Table 1. 

Kittok et al. (1983) investiqated the use of 100 IU of hCG 

administered on Days 11, 1~ and 13 post-mating in seasonally 

anoestrous, lactating ewes after an artificially induced oestrus. 
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Treatment with hCG was found to ~ignificantly increase the serum 
plasma progesterone concentrations in the treated ewes. This resulted 
in a beneficial effect of hCG administration on increasing the 
conception rate of the treated ewes (58\) compared to the control 
animals (29\) . 

It has been reported that ad.Ir~nistration of hCG in cattle during 
the first week after oestrus resulted in the formation of larger CLs 
that contained a greater quantity of progesterone (Veenhuizen et al., 
1972). Many studies report significant increases in circulating 
levels of pl~sma progesterone following hCG treatment (Sreenan il 
al., 1979; Greve & Leh.n-Jensen, 1982; Holness et al., 1982; Santos­
Valadez et al . , 1982; Helmer & Britt, 1986). Tne induction of 
accessory CLs may be partly responsible for these increases in 
progesterone concentration (Sreenan et al., 1979; Greve & Lehn­
Jensen, 1982) . Christie et al. (1979) indicate that a high i ncidence 
of accessory CL formation was not found in their work. There is 
however evidence to suggest that increased synthesis from the current 
CL also occurs (Santos-Valadez et al., 1982). 

The effect of the hCG treatment influences pregnancy rate, 
either directly or indirectly through an increased production of 
progesterone. Increased progesterone production could be implicated 
since the elevation in the serum levels of progesterone occurred 
during a phase of the oestrous cycle known to be critical for 
progesterone support (Moor & Rowson, 1966 . Administration of hCG may 
also increase pregnancy rates through supplementing the action of an 
inadequate luteotrophic or antiluteotrophic signal produced by the 
developing embryo and therefore allowing more time for its 
establishment in the uterus (Christie~, 1979). 
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8.2.2 GnRH treatment: 

The administration of GnRH is another method that has been used to increase conception r3tes by reducing early embryonic mortality. Tables 4 & 5 summarize the recults of work using GnRH treatment in both cattle and sheep. Treatment has been given at the time of mating and after mating. nRH therapy has also been used to increa~e fertil i in repeat-breeder cows as indicated in Table 4. 

Table 4: Summary of st ies involving the effects of a single injection cf go dotrophin releasing hormone (GnRH) on pregnancy rate in cows. 

, uthor Treatment Pregnancy Rate Change 
Cntrl +GnRH (%) 

n n 

Lee et al. (1983) 100 ug GnRH 32% 48% +16% at AI (22/69) (31/64) 

[Repeat Breeders] 100 ug GnRH 48% 73% +25 % at AI (77/161 ) (135/185) 

Aboul-Ela & 100 ug GnRH 55% 81% +26% El-Keraby (1986) at AI (17 /31) (26/32) 

Macmillan & 10 mcg GnRH 64% 77% +13% Taufa (1983) D7 to D10 (53/83) (74/96) 

10 mcg GnRH 66% 75% + 9% D11 to D13 (107 /161) (107 /142) 
Macmillan et al. 10 ug GnRH 61% 72% +11% (1986) D11 to D13 (168/276) (163/225) 
Phatak et al. (1986) 111 ug GnRH 38% 47% + 9% [Repeat Breeders) at AI (177/469) (231/492) 
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Table 5: ~ffects of a single injection of gonadotrophin releasing hormone (GnRH) on lambing performance in sheep. {Results SWIINlrized from the studies of McMillan et al., 1986). 

Age Group Treatment Percenta9! Lambing To First Hating Change 
Contro, Treatment (I) 

(n) (n) 

Ewes 4 ug GnRH 54' 551 + 11 
D 11 '64/119) (47 /85) 

Ewes 4 ug GnRH 481 601 +121 
D 12 (38/79) (43/71) 

Ewes 4 ug GnRH 481 521 + 41 
D 13 (32/67) (33/64) 

Hoggets 4 ug GnRH 301 531 +231 
D 12 (15/49) (26/49) 

Hoggets 4 ug GnRH 481 521 + 41 
D 13 (45/94) (49/94) 

The exact mode of action tha~ GnRH has in increasing fertility 
is not known. Administration of GnRH has shown to cause dose-related 
increases in s&rwn concentrations of LH in cattle (Schams et al., 
1974; Fernandes et al., 1)78; Macmillan et al., 1985b). When GnRH 
treatment is given at the time of mating (presumably between the 
endogenous surge of LH and ovulation) it is believed to exert its 
effect by causing a surge of LH which enhances ovulation and prevents 
delayed ovum release (Fielden & Holler, 1983; Aboul-Ela & El-Keraby, 
1986). It is also possible that the additional surge of LH enhances 
active luteinization of granulos~ cells to ensure adequate 
progesterone production to maintain pregnancy u en successful 
fertilization occurs (Lee et al., 1983). 

The action of GnRH administered during the mid-luteal phase of 
the oestrous cycle after mating is thought to stimulate the function 
of the CL either directly or indirectly (Macmillan et ai., 1985a; 
McMillan et al., 1986). Administration of GnRH has been shown to 
increase the length of the oestrous cycle through prolonging the 
lifespan of the CL, and therefore progesterone production. This 
increases the probability that maternal recognition of the presence 
of a developing embryo will occur (Macmillan & Taufa, 1983; Macmillan 
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et al,, 1985a, 1985b, 1986). The injection of GnRH during dioestrus 

in cows has also been shown to influence CL and progesterone 

synthesis, but accordi1ag to Macmillan et al. (1985a), the precise 

nature of the drugs action either directly on CL or indirectly 

through an induced release of gonaaotrophins has not been defined. 

Low-dose GnRH treatffl6nt may produce an effect which modifies the 

induced luteolysis (Macmillan et al., 1985b). Alternatively, GnRH 

treatment may induce, via LH, a luteoprotective effect (McMillan et 

.!.L., 1986). The response on Day 12 is consistent with a 

luteoprotective effect since the presence of an embryo on Day 12 or 

Day 13 is necessary for normal CL function in the ewe (Moor & Rowson, 

1966). 

8.2.3 Melatonin treatment: 

Wallace et al. (1988) recently investigated the effects of 

melatonin treatment on the enhancement of progesterone production and 

subsequent establishment of pregnancy and embryo surviva _ in 

seasonally anoestrous ewes. Administration of melatonin, at 

physiological levels, has ~een shown to stimulate progesterone 

production in bovine and human granulosa cell cultures (Webley & 

Luck, 1986). Exposure to melatonin has also been shown to stimulate 

progesterone production by the CL in an in vivo perfusion system in 

the primate (Webley & Hearn, 1987). 

Wallace et al. ( 198 8) artificially inseminated ewes ar.d 

administered melatonin on a daily basis (3 mg/day) for t~e entire 

oestrous cycle following AI. When the naturally-o·rulating control and 

induced ewes were compared the results suggested a luteotrophic role 

for melatonin. The prolonged exposure to melatonin in the treated 

ewes was associated with higher progesterone concentrations in the 

luteal phase of the cycle. These changes in plasma progesterone 

secretions wer& not &ccompanied by clear-cut improvements in the 

conception rate or embryo survival. These findings caused Wallace ~ 

.AL., (1988) to re-evaluate their hypothesis that there is a direct and 

inlllediate effect of melatonin on the CL. 

-­, 
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9 Purpose and scope of the investigation: 

For the successful establishment of pregnancy, the influence of 
progesterone in adequate amounts is essential. The main source of 
progesterone secretion at this time is from the CL. In situation~ 
where there is inadequate luteal function caused b7 several factors, 
post-mating supplementation with progesterone has been shown in some 
studies to improve the reproductive performance of ewes through 
increased conception, pregnancy and lambing rates. Without this 
treatment it is possible that the animal fails to conceive or she may 
experience an increase in the incidence of early embryonic loss. 

Of the several factors affecting progesterone concentration, the 
nutritional level has been found to be ~nversely related to the 
progesterone concentration. Although there has been some research 
examining this relationship, much of this work has investigated 
extreme levels of nutrition that would not normally be encountered 
under normal grazing conditions at mating on New Zeal~nd ~arms. Most 
of these reports have come from indoor feeding trials or from ewes 
fed under feedlot conditions, where preformulated rations have been 
fed. 

The present trial was conducted to examine if post-macing 
progesterone supplementation (CIDR ~ ·eatment) has any effect on 
increasing reproductive performance by reducing the amount of early 
embryonic mortality. Nutritional intakes which were realistically 
obtainable under grazing conditions at mating, were used to 
investigate effects on reproductive performance of ewes, as reflected 
through altered progesterone levels. In order to accurate!· ssess 
the progesterone concentrations in the ewes, a randomly s ~ lected 
portion of the flock was blood sampled over the luteal phase of the 

. oestrous cycle following mating to determine the act ual hormonal 
levels pre~ent. 

To accurately d6termine the amount of herbage consumed by the 
ewes during both the flushing period and the two post-mating pasture 
allowance levels, intraruminal chromium controlled releasing devices 
(CRDs) were orally administered to a epresentative portion of the 
ewes. Treatments of differing pasture sward heights were prepared and 
off~red to the ewes. By controlling the height of swards and hence 
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the appropriate residual (in terms of kg DM/ha), it was possible to 
offer the ewes differing amounts of pasture allowance during the 
experimental period. Faecal as well as pasture samples were collected 
for the indirect estimation of herbage intake and therefore 
approximate feeding levels could be determined. 

~ 
A single flock of sheep, comprised of both two-tooth and mixed 

age ewes were fed according to standard New Zealand farming 
conditions where the pasture allowance is gradually increased prior 
to and during the mating season. The 'fl~shing' of the ewes was done 
at this time since increasing ewe intake~ is considered to increase 
the lambing percentage. This is caused primarily through an increase 
in the OR . Following a synchronized natural mating, the ewes were 
randomly divided into a 1.0 M (low) level and a 1.8 M (ad libitum or 
high) level of pasture allowance for a two week period of 
differential grazing. Ovulation rates of the ewes were determined and 
blood samples were collected for determination of progesterone 
concentration . 

The overall obj ctive uf th·~ experiment was to determine if 
post-mating CIDR supplementation was effective in improving 
reproductive performance, by reducing the amount of early embryonic 
mortality, in ewes grazed on two different pasture allowance levels 
following mating. Any increase in embryonic survival would be seen in 
higher conception, pregnancy and lambing rates, which would 
eventually result in a greater number of lambs at birth. 
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CHAPTER III: MATERIALS AND METHODS 

l Experimental design: 

The experiment was designed as a 22 factorial, involving two 
levels of post-mating feed allowance (high and low), with and without 
progesterone suJ:Jplementation. Two other variables were taken into 
consideration but were not included as treatment effects when the 
trial was carried out. These were the effects of two age groups of 
animals (1.5 year old maiden ewes or two-tooths, compared to mixed­
age or mature ewes) and two levels of OR (single versus m~ltiple). 

Figure 2 gives an general overview of the experimental design 
and its relative time schedule. This diagram also illustrates the 
sections of the experiment i~vestigating voluntary herbage intakes, 
as well a~ blood sampling for progesterone concentration 
determination. 
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2 Animals: 

Two hundred and thirty four Border Leicester X Romney first 
cross ewes were used in this trial. They comprised 104 maiden two­
tooth ewes and 130 mixed-age ewes (up to 8 years) that had previously 
lambed at least once. 

The two-tooths ewes were shorn in early February 1988, and the 
mixed-age ewes the previous November. 

All ewes were grazed together from the middle of February 1988 
(and flushing of the ewes began about the beginning of March 1988) 
with increasing amounts of pasture allowance being offered to the 
ewes so as to provide them with a rising plane of nutrition prior to 
joining . When it necessitated that the animals be randomly divided 
into the various treatment groups, an attempt was made to balance for 
both age and OR, where it was practical to do so. 

2.1 Weighing of animals: 

The animals were weighed prior to and during the experiment. The 
animals were weighed directly off pasture without any period of 
fasting . This meant that some of the liveweight changes may reflect 
differences in gut-fill, rather than actual differences in weight of 
body tissues. 

2.2 Induction of oestrus and mating: 

To induce synchronization of oestrus, all ewes had a Type G 
controlled internal drug releaser (CIDR) (AfiI Plastic Moulding Co ., 
Hamilton, New Zealand) con~aining 9% progesterone vaginally inserted 
on 10 March 1988 and z~moved 13 days later. A total of 18 entire two­
tooth Romney rams were ir.troduced to the ewes the day that the 
synchronizing CIDRs were removed (23 March 1988). This ram:ewe ratio 
of 1:13 was used so as to provide enough rams to adequately serve the 
ewes naturally as they came into oestrus. Each ram was individually 
fitted with a sire sine marking harness. 

Tupping marks were observed every 12 hours (06:00 and 18:00 h) 
over a three day mating period. At the 18:00 h evening observation, 
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all ewes were yarded and rams removed while the marked ewe~ were 
recorded . Any ewes not mated within three days following CIDR removal 
were drafted from the main mob and removed from the trial. 

3 Pasture characteristics and he~bage mass: 

3.1 Experimental site: 

The experiment was conducted at Massey Universitys Sheep and 
Beef Cattle Research Unit (SBCRU) Haurongo farm, located 
approximately 3 km west of the Massey campus. The treatment pastures 
were established on gently rolling farmland, overlaying a mainly 
Tokomaru Silt Loam soil. 

Nine paddocks were randomly allocated between feeding level 
treatments (low compared to high) to minimize any variation in 
pasture type between paddocks (see Table 6). 

Table 6: Paddock areas, grazing treatments and mean pasture heights. 

Paddock Size Treatment Mean Pasture HeightA 
Number (ha) (cm) 

1 1.0 Low 3.0 - 5.0 

2 1.2 Low 4.5 - 6.5 

3 1.2 High 7.0 - 9.0 

5 1.1 Low 3.0 - 5.0 

6 2.0 High 6.5 - 8.5 

7 1.3 High 6.0 - 8.0 

11 0.2 Low 3.0 - 4.5 

12 0.6 High 7.5 - 9.5 

13 1.0 High 7.5 - 9.5 

A Average pasture heights prior to the start of the grazing are 
given as ranges. 
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3.2 Determination of pasture cover: 

During the early part of March 1988 the paddocks were monitored 

by taking SO pasture height readings with an Ellinbank Pasture Meter 

(EPM) 3 to 4 times per week to assess changes in pasture growth 

rates. Herbage mass was determined from the paddocks by cutting 

several random quadrats (0.18 m2 ) to ground level with an electric 

shearing handpiece on 13 March and 1 April. Quadrat sites were 

selected within paddocks to represent the entire area . Samples were 

washed to remove soil and oven dried at eo0 c for at least 24 hours to 

determine dry matter (DM) yields . Quadrat herbage yields were related 

to EPM height readings by regression analysis. Residual pasture mass 

in each of the paddocks was estimated using the calibration equation. 

3.3 Herbage pasture composition and dry matter determination: 

Herbage samples were randomly obtained from each of the nine 

experimental paddocks on 7 April by clipping representative areas of 

the individual paddocks with handshears. Individual paddock samples 

were thoroughly mixed before being bulked on a within paddocks basis. 

A representative sub-sample for each paddock was then sorted int~ 

both green and dead material. The green material was further divided 

into grass, clover and weed components. Fresh weights were obta ined 

prior to the samples being oven dried at 80°C for 24-36 h. A=ter 

moisture removal, the individual components were then expressed as a 

proportion of the total dry weight of the sample. 

3.4 Pasture rotation : 

During the flushing period prior to mating, the experimental 

animals were used to graze the paddocks to obtain the required sward 

heights . During this three week period the animals \.•ere fed at a 

flushing level of nutrition {approximately 1.2 to 1.5 M) . The ewes 

were grazed as one group to minimize possible pre-treatment feeding 

effects . Ewes were shifted between paddocks when the appror iate 

sward levels (high or low) were reached. 

For the post-mating differential feeding period, the ewes were 

randomly allocated to the high or low feeding groups on Day 2 

following the recording of oestrus (where Oestrus• Day 0). To avoid 



46 

any paddock interactions, the high and low groups of ewes were grazed 
together in their groups for the first week of the feeding treatment 
(Days 2-8 poet-Mting). The ewes in each feeding group were randoal.y 
split into three equal-sized groups for the second week of the 
differential feeding period. At this time each group was balanced for 
age and OR. 

During the second week following mating, ewes with the chromium 
controlled release devices (CR.De) (10 per treatment) were grazed with 
the animals that were randomly selected for the blood sampling part 
o- the experiment. Table 7 shows the paddock ~otation that was used 
during this second w,ek of differential feeding. These 'marker' eves 
were run as separate D!Obs during this time to minimize any stress on 
the other ewes which might be associated with twice daily handling 
for sanple collection. 

Table 7: Pasture rotation used for the post-mating blood sampling and faecal collection during P-2 (Days 9-14). 

F eding Group 
Level 

Low L-l 

Pasture L-2 

Allowance L-3 

Pasture H-2 

Allowance H-3 

n 

36 

37 

3'7 

3'7 

3'7 

38 

Days 9-10 
(3-4 Apr.88) 

l 

2 

s 

'7 

3 

13 

Days 11-12 
(5-6 Apr.88) 

2 

5 

l 

3 

13 

'7 

Days 13-14 
(7-8 Apr.88) 

5 

l 

2 

13 

'7 

3 
X Group containing the randoaly aelected 111Arker ewes both for blood •a111>ling and faecal collection. 
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fv.rt.hH· 11 la at 1ft. Ille~ WMli.c,aeted -~ial vaa filtencl, 

......... Mil ....... fte tou1 PND•t■ .. aab - •1- oft-. Nlllpl .. 

-- •t.aMlaNa •• •---••• •'-'t••••ly. Lebont:or:y ~ta .for 
~ At rAII Ma■ch.._ ........ to dN1"' • t:el'NM1oa s.latia9 ue 
l•••c•t•~• Ap 1&&51 Ct•••tibility to t-•12 kaowa ip 1&11 
.,, ... ~u.tu. r .. 1 .... ftu ntsUeloe ... t.. ....a to--~• .&a 
au:& ....... U4 I' .. 1 ... I• tM --•• ... lee. IN IJ"Hdaq 1• 

-a. • Nt..,_te DIil' (OQ •tw~ Di. ... t.ibl.U.ts,) • DOie CD1~~• 

o.,.._u - ._ ta \M _, Nd ClflD co.,aau •t~ N .. •tU-11.f.tJ). 

t~i• ""' outllN of IMt 4::1 U:ID ti .. et1b1litJ ~r•--•• 1• 
....i •lr .... - ... ,, .... loo.-., ... - ....... , ., -t•l , .. __ ... .., .. , ...... ,, . . . ,.. ... ~ •. ., ...... ,. .... 

-- ..... ,., 1 ...... ........... , ,., 
..,...,.,.~,._.. -. Ml ,_ .. .,. '-' • M 

. ...... ,, ... , , .... , 
1&1u un,1 " ... 

& 
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Pre•ioue ~t"Ch ha• ~•trat-S co~•161rable ••rlation in 

platla pr~ OOftellfttnd.ona .la w edlplecl 1atenai. .. ly er.er a 

24 11 pet-iod., ._ ~ whicll My be 4- to diaraal ,rad.ation (Mclfat.ty 

M, .b, 1 t?S) . l'or t.bie t-ee90ft, • •.ln91• .... l• 1a of Halted-. ••111• 

.._ ...a for cllttenaiMtion of hota0ne conoentration (Da•i• t\ al,. 
lt1t). ~h• blood eaaplin9 re9i .. ueed -•nt that the diurnal 

fltiation aflCl dally fluctuation• in progeaterone concentration .. re 

al 11M and a aon repre.-ntati .. ••lue of the concentration of 

Pt'OI •l:'Oftll for tbe lut.al phaN of the cycle could be obtained.. 

8 ood aa~l•• were collected dally via .-nlpucture to -•sure 

pla ... pf:09e9terone conc•ntrationa durin9 tbe luteal pbaae of the 

cycle (Oltflned here to be Daya t-14 poat.,...tir.9). Two SUlplea per day 

.. re collected into heparinised vacutainera and once collected they 

... re 1-diately traneported on ice back to the laboratory. ""he blood 

tube• .. re tNan ~•ntrifupd for 20 ainutea at 2S00 9 and 4"C. The 

pla ... wae traufer~ into <llapli~ te vials and then ator6d at -12-C 

until ••••~ for progeaterone concentration. 

5.2 .Jetennination of pr099aterone level~: 

A preliainary analyaia of individu~l JamJ)l~ waa done with 

••l•ct d aaaplea fro• all aix day• (Daya 9 AM to Day 14 PM, 

ac Peive). Thie••• o•~r1M c~t to dlilteraine if the ewes that failed 

o concei to ti • .., •y.ncbr,nized aating had reduced pr09eaterone 

CC>1\0W.trat~Oft• at any point duriA9 the luteal phaae of the cycle. Of 

particul•x intereat wat the period around Daya 13 and 14, following 

the tiae !wt aateraal rec09nition of pr99nancy occura. For thia 

•aalt•h, aia --• that aed returr-i to oeatnaa were COlllf'And to aix 

..,... tha •• ._,_4 t tu iAithl apcbroniJ-4 •ti119. Noa• of the :.2 

••• u••• ta bia pre iainary analyaia received poat-aatin9 CIDR 

~taeat and oaaped.aOlla wn •de after belancift9 for aiail•"' Olte, 

._.. uua ,._ leveu 

~h Nin 4etenlination of horaonal l•••l• were--~• froa 

ttMU ~J..I.J "°1N a lea iHO ul) for Mell ew end oouht-4 of 12 

wt ••Llf -1 M .._1•• tbat were collected during the blkd 

fflllPliAI period 
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5.3 Progesterone assay: 

Plasma progesterone concentrations were analysed via the method 

of Kirkwood et al. (1984), with minor alterations to the procedure . .. 
This assay has been validated by Dr. lt.R. Lapwood of the Department 

of Anatomy and Physiology, Massey University. Briefly, samples were 

extract Pd with 5 ml toluene:hexane (1:2 v/v). The plasma was frozen 

for 1 hour and solvent was then decanted into clean tubes, dried 

under air and rediss~lved in SOO ul ethanol. Duplicate 100 ul samples 

of ethanol extract were dispensed into plastic tubes and dried, as 

were duplicat.e 100 ul samples of standard ethanolic solutions o;: 

prugesterone (P-1030: Sigma Chem~cal Co., St Louis, Missouri, U.S.A.) 

with concentr~tions corresponding to plasma progesterone levels of 

0.625-80 ng/ml. A mixture containing antiserum (courtesy of Dr. J.T. 

France) at a final dilution of 1:18,000 (Tungsubutra and France, 

1978); (l,2,6,7-3H8] progesterone (TRK 13, Amersham, Bucks, U.K.) at 

20,000 c.p.m./100 ul; phosphate-buffered saline containing 0.02 m­

EDTA and 0.1\ gelatin (PBS-EG) in the ratio of 1:1:4 (by vol.) was 

added (600 ul) to each tube and vortexed. After overnight incubation 

at 4°C, 600 ul of 2.5\ (W/V) charcoal (~?rit A; A.H. Thomas Co., 

Philadelphia, U.S.A.) suspension in PBS-EG were added to the tubes, 

vortexed and then incubated at 4 C for 10 min. Tubes were then 

centrlfu9ed at 3000 g for 10 min. at 4°C. The supernatant was 

decanted into scintillation vials and 5 ml toluene-triton 

scintillation fluid added before counting for 2 min. in a Beckman LS 

7500 scintillation counter. For the eight assays performed, the 

intra-assay CV was 8.35\, while the inter-assay CV was 20.2%. 

productive information: 

.l De ermination of ovulation rates: 

Ovulation rates of the ewes that were mated 1-3 days after the 

CIDR emoval, were determined by laparoacopy on Days 4 and 5 post­

matiug {Day O • oeatrus). Ewes were yarded and fasted overnight to 

reduce the U\Ount of gut-fill. On 29 March 1988 (D~y 4 post-mating), 

laparoacopies were ~rformed on approximately half the animals. The 

r uin.ing •w • had th•ir ORs determined the next day following a 

lar ov rnight faat. 



'Iha >.epaew1111 pc..._.,,.,.... fH tu det.•mlllatlOft of 0b 1a 

•Ullla~ ~• tM~ -.OrUM4 - .. 11, I alllaon (ltiC). 8riefly, -• 

.ue tNfMl'll.ll..a •ltb O.S al DI of a.cP (•Aa.pHllad.ne" - hchftt 

lillMN:atodaa :.td., t'olr.oroa, .1.), t111Ptoafaately lS al.n•t•• pd.or to 

l~. 1M .... •n abom aCOIIDlil tbe •••• and tbN plaoecl 

in• ... clally dealfllH 1aparotoar cradl•. A local anaeetbetlc 

(qlocalae - •t.i91aaftt11 , Techftt Laborator1•• Ltd., Tokoroa, •.&.) 

•• adllllll~nd (3.0 Ill act 1a tM ana .._.,.. the inatraieftta wen 

to be h•~- t'hla waa approa!Mtely 3 to 4 ea .. eh aide of the 

aid-..nt~l line and about S OIi 1a fEOnt of tbe udder. Thla area waa 

waabed with an anti-.ptlc aiatun (Kibitane - •aav1on•, ICI Ta-n 

Ltd., Upper Butt, II. I.) • The ••• .. .,.. inY9rted in the cradles so 

that a head of the animal waa tilted downwarda reaultincJ in the 

era bein9 at an alllJl• of about 30 to co• to the horizontal. Two 

... 11 ineiaiona wen Mcie in the abdoainal ana to facilitate the 

puncture of the abdoainal wall with the laparoscope trochar and 

mani.pu.latill9 probe or forceps. The laparoacope was then inserted 

through thia openin9 into the abdominal area and the ovaries were 

exaained. A probe to .. nipulate the ovari•s allowed all surfaces to 

be ... n. A canniater of co2 waa available if the abdominal cavity 

needecl to be inflated with 9aa. After •mination of the ovadea, 1:.he 

instruaenta were reaovecl and rinsed with an antiseptic solution 

(Sa•lont between each aniaal. Swee •n then injected with 2.0 al DI 

of penicillin ("Streptopenicillin• - Ethical Apnta Ltd., Auckland, 

W.&.). &wee were reao,red froa the cradle• and returned to their 

napective P@ddocka upon COIIIPletion of oa deteaaination. 

,....-, •• det•mined initially~ obaer,,ift9 daily nt1ama to 

oeatcua wbiob oooucred approai .. tely two .. eka followin9 tb• 

•raobroaLaM utla9. At about to day• poat-aating, real-ti• 

~ltnaoaio •oaaaiav ••• uaecl to oonfia:a Pref'MUIOF and to eatillat• 

f~al a--.n. 

u:u t.o ONtna ot tbe .... •" noolNIM cna tbe ta tut 

u.. ,-t. ... ..., _......t.e~ _.,,..11■1nta .._ czoae .... 11•a•· tta. 

-•-- MUJ foe Mtillf •ne CINI' CW PftMllt.) tna 10 
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April to 15 Apr:U and then at ... Illy inter.ale (tvo raaa preeent) 

until 4 Ila:, when the rw en IIIIIO\led entinl:, froa tbe •-•. During 

thia period, the colour• of the .. rkin9 crayon•"" chan9e(! two 

t.1-a to facilitate the ncordJ.119 of the tuppift9 .. rite. 

6.2.2 Ultra•onic ecaMilMJ for p~ancy detez:aination: 

ApproxiJaately 60 daya froa the iM of the synchronised mati119 

(23 May 1918), the evea were eubjected to real-tiae ultrasonic 

scanning to determine prevnancy and to estimate the foetal nwabers. 

The procedure was used on the ewes fasted o,rernight, as described by 

carter (1'87). Fasting of •--s reduced gut-fill which helped obtain a 

clear iaa9e on the aonitor, a1d thus increase the accuracy of the 
dia;noa a of foetal nUl!lbera. 

Briefly, e.,.s were held in the dorsal recUlllbency position for 

the examination. The hand-held probe was first dipped into a 

container of lubricant so that when it was placed on the ewes 

abdominal wall, a 9ood contact could be made between the skin and the 

probe. The probe was then manipulated both laterally and dorso­

ventrally in a •Y•t--tic routine so that all extremities of the 

uterua could be viewed. Froa this image, an eat!mation of th~ number 

of foetuses present and their relative size (hence the probable 

mat~ng date) waa 9iven by the operator and recorded. 

6.2.3 Lulbiu9 infoz:aation: 

At birth, laaba were ta9v-ct and weighed and the date of birth, 

identification of daa, litter aiae, and survival rate of lambs were 
recor-4. 

7 Statistical inforaation: 

ni. ori9inal data wee initially aubjected to a aartletta teat of 

hcaoteneity to ... if the vadaacea were COllaOa, prior to conductin9 

• teet of ei9nificance. If the varianoea were not eoaaon, a 

tranator .. tion of tbe raw data wae carried out to adjuat the 

·variance• ao that tbey would ~coae aiailar, thua ... ti"9 OM of the 

requ i-eaenta for• teat of •itnificaace. 



In the aftalyeie carried out, both MG (Gilaour, ltlS) and SAS 

(IU, ltlS) •tatistical analyeis pec1ta99• were ueed. 

7.1 Analyeie of variance (AROVA): 

The 9~ .. ral 11...ar aodel procedure (Searle, 1971) wae used for 

the majority of the continuoue variables analy•ed. Thie analysis 

included all aain effects, as .. 11 as the first order interactions. 

In aoet lllO-iels fitted Cother than the analysis of the l vewei9ht 

chan9ea and the pooled pro9491terone concentrations, which are 

mentioned below) livewei9ht waa removed aa a covariate after the main 

effects and before the first order interactions were fitted. The 1110st 

pneral model fitted was: 

yijkla • ~ + A1 + Fj +ck+ 01 + wijkl + (AF)ij + (AC)ik + 

(A0>11 + (FC)jk + (FO)jl + (CO)kl + eijklm 

where: Yijkl.nl • an observation of the mth eve in the 1th age group, 

the j th feeding level, h~ving the kth CIDR effect and 

the 1th o¥Ulation rate. 

~•population -an. 

A1 • the 1th a;e effect (i•l ... 2). 

r 3 • the j th teeding level effect tj•l •.. 2). 

ck• the t th CIDR treatment effect (k•l ... 2). 

o1 • the 1th ovulation rate effect (1•1 ... 2). 

wijkl • the effect of body 4'9i9ht (covariate). 

(V)ij • the interaction between the 1th age effect and the 
th feed.in9 level effect. 

(AC)ik • the interaction bet ... n the 1th age effect and the 

kth CIDR tNtataent effect. 

CM>>11 • the interaction bet ... n the 1th a9e effect a:id the 

1th ovulation rate effect. 

(FC)jk • the interaction bet ... n the j th feeding level effect 

and the t th cn,a treataant effect. 

<FO>jl • tbe interaction between tbe j th feeding le"l effect 

aact the 1th ovulation rate effect. 

(CO)kl • the interaction betWMn the kth CIDa treataent effect 

and tbe 1th owletion rate effect. 

eijtla • the error aaaoc:iated with the iftdividul .... 
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R19ber oNler interaction• "r• a•euaed to be negligible. If 

1nt•ract.1oee "" f01dd to ba ncm-eipifioant in the initial model 

fitt-47 tMy "" nao .. d froa eabeeqvent aodela. The order of 

fittia9 le ~be aodel depended on the biol09y of the par ... ter in 

cpeetioft. 

AnalF•ie of the 11 .... 1pt data, for both the am ewe• Cn-20> 

and tbe total flock of aheep Cn•206), uaed • model aiailar to the one 

above. Roweftr, once the diffea:ential feedift9 waa started at ... k O, 

the wei9hinv• froa ... ka +1 and +2 reapecti .. ly had the effect of 

li,,. .. i9ht at -.k O fitted firet into the model as a covariate, 

followcl by the appropriate Min effects and interactions. 

balyai• of the pooled pr099eterone concentration data used a 

aiailar aodel to the one prevloualy stated, but the effect~! 

11,,. .. ipt waa taken out prior to the fitting of the f .. ding level 

eff~t. All other .. 1n effects were removed first with no adjustment 

for livewei9ht. The reaaon why liveweiCJht was fitted before feeding 

level wee due to conaiderable variation in the body weights of the 4S 

aniMla used for blood aaaplift9, hence the effect of body weight a£ 

a .,., have been M11kin9 the effect of f .. din9 level on the pooled 

proc,eaterone concentrations. It waa therefore decided to look at the 

effect of feedin9 level on hoanonal level at• aiailar body weight. 

7.2 Repeated -••urea analyaia: 

A preli.aiaary rera-ated -••urea analyaia uain9 the UG (Gilmour, 

198S> waa carrta«l out to o011pare the pr099aterone concentration• of 

the ••• whicb returned to oeat ru1 with thoee of the •we• which held 

t the initial 1ynchroniaed .. ting. Tbie involv•d 12 eves (aix 

pr-.nent •-• and 1ia non-prepant •-•> that did not receiv• the 

poat-aatin9 CID& treat .. nt. Tbie procedure involved the r•peat•d 

teatint of the aaM individual• over• period of tiae. The 

1ndi~inale are OM factor (uaqlly oonaide&'9d ae randoa and eerving 

•• ..-.plication) Pd tae tiae dh1e11aion h the aeooacl factor, • fiattd 

treataent efteot Clokal • aohlf, ltft). Tbia •thod 1• b,laed on the 

cornl.ation ~---- trMta!Nlta over l>locke and •••ua• the abaence of 

any trH~t by block 1Ateraction1. 
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7.3 Diacrete •atlable aftalyeie: 

tlle NP•-. ut.• •t.• C11l•onte MUt •• coeftned int.o 

_,.Fhl ---• •1t 1t f119 N lllllta.1' I.till ... Nld t.O tJNt a,nollHDJ.Ncl 

-~, .. et..._ ........ ~ at• ••-•-..••t .. t1119. and l09lt. 

t.Llltlle 11::.loia .. Wl!N. 1M u.Mfomlid dab ... t.Mft WlJ'NCI b7 
• U•~l• • ..-.. 1..n ....- P2••• n tOila:Mar:, 1MS>, •1• 
,-tee••• ..... a u .• a.UIOOIII eftUl!ltM oa ,..it. c•t tLo91t <•> • 1n 

c•11 ... t., -.n • la ~ pnbaltllltF of pnrpaaey at a •~t 

out.na.J 

1.4 Analpia of f~ancy: 

fte Cht-..-an t. .. t •• ••-4 in coaj•nctloa with• teat of 

1111111 ••• of fit.' for .... of tM dlecnt• •aclabl... ftia t••t -• 

••ed. to •et• wllet.ller an obeer'IPed aa111Pl• di■tr.lbatioa departed 

a1ptf1caat.17 froa tb• tuontical one (Sokal 6 Rohlf, 1969). 

lacl11C1ecl 1a t.MN eaali,aee •n t.be onHt of oeatJ:Qa, the NZ ratio 

of 11111N bona ud t.lle puoeat..- of -ltiple birt.ba. 

TM followbw a,-Ola ha" been uaed tbroupout the teat. to 

ladJ.~ 'Nd.OU J.ewiel• of •19ftlficanoe, a1 ... otheZViM atated.: 

I lb?& 

•• 
•• 
• 

-

Mn1 ,c •te&s&esne 

• < 0.001 

0.001 < • < 0.01 

8.01, • < 0.05 

0.01 C f C 0.l-0 

O.lO < • 
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svre JY; Mmct• 

1 Paetul'9 ••H•811errt.: 

Inf<"l:Mtion r998r:dincJ the de•criptift ••••• .. nt of the pa•tuua 

for both ti. pre .... tincJ and Po•t--ting fNCli.119 perioda is pre•ented 

in Table t. Aleo included in tbia table •re the r••ult• froa the Jan 
yitrp di99•tibility an•lysea. The fiqurea represented in this t•ble 

are aftrage ••luea given for the two fN<lin9 periods, as well as the 
ranc,ea. 

'l'able 9: Deacr1pti,,. ••"•-nt of pasturtt cover, height, COllpOsition 
and in yitro digestibilities for the tbrH different pasture 
allowance le,,.la. Means are 9i,,.n with raDCJ9s appearing 
below in brackets. 

Herba99 Allowance Level 

Av.trav- Pasture AesidualA 
(k9 DN/ha) 

A,,.rav- Pasture Heiqht 
(ea) 

rt•tvn Cffl?e•ttion ,, P!I! 
Green Material 

PU.too I 

Flusbi119 

25S0 
{1900 - 3400) 

S.7 
U.S - 7.S) 

-Qr••••• 72.7 
(60.0 - 75.0) 

-Clover 2.4 

(0 S - 5. 0) 

--•da o., 
(0.5 - 1.2) 

O.ad Natter 24.2 

lp Xigu, R\Dlfi1,biUti•t; 
t. ~tter 

Di911atibilitr (I) 

O~uaio Matter· 
Di ... tibility (It 

D-Valua (DCN)) () 

us.o - 35.0) 

'7.35 

U. l 

P§Riop JI 
Group l Group 2 

Low 

1450 
(1200 - 1700) 

3.S 
(3.0 - 4.0) 

67.8 
(50.0 - tO.O) 

o., 
(0.3 - 1.0) 

o., 
(0.1 - 1.0) 

31.1 
(15.0 - 50.0) 

59.U 

u.,3 

57 25 

High 

2700 
(2400 - 2900) 

6.0 
(S.S - 6.S) 

76. 6 
(65.0 - 85.0) 

3.8 
(2.S - 7.0) 

1.0 
C0.5 - 1.5) 

18. 7 
(10.0 - 25.0) 

12.n 

,, ... 
H.91 

, . 
r.. r .. naaion 11q1&atiu ueect to calcul•te the reai-.1 paature ........ 

, Dlllu • a,s.i C&M> - 2,,., Cr • O.tll) 
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da • 

re a owa 
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60 

• • 

• • • a 
beift9 u 

le l , where the 

ad •oluntary herbap intakes, 

qan -t er intakes (DOMI), 

ode are preaented in T ble 10. 

t r dur 119 tbe fluabin9 

to be low and b 9h paature 

period (Per od II) 

re al ulated uaincJ tbe 

r Table 9, alon9 vitb th 
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•. , w., ......... ., .. 

ftie - -- ...._ 111:111• let U. II CM .... (diflded lato 

tw • -••• or ....... , •• .... 1a f'1-• J. tt aa • ... 
re.a tltU ........_ tllft lot t.M H.~ t.- •lWlalata# t.N" •n AO 

~ •ltal.fl.OIIIM.1.f' &tha'tlat ... 11 ... ._.. • .._ 1a11 .... of ... 

••••1: •'Plfloat:!w dftftN U11t 11--&tllt of tllie w at .._ O, 

..._ •l _. -- •t, •••••lwlw. ••••- left1 ... &leo f.-cl t.o 

••" a •1 .. lfloaet. eftMt oa •• 11 .... 19•t •t tbe final two 

-ltlls...- .._. +1 M4 _. .a,. 

~b• t•o po~t .... t.ln9 r .. dia9 1•••1• produced aipifican~ 

diffenece• 111 t11e .... bcKlr •lAJIIU of tbe .... oo bOtJl tbe lOlt did 

b19• e.ML-. 1e .. 1a. TlMt t.9U•tootb ••• oa tb• low poat-aati119 

..-•n all....ace 1.-..1 .-1oed on averap O .1 :t O. 4 luJ, 11bile t-..boN 

.... on be M.911 r..diq 1eft1 .. iaed approaillately 2. 0 :l: 0. 5 1uJ 

dad .. the .... ,.c1oc1. flae Iliad.._ .wu on tbe low fNd1Dg leftl 

1.oet. 1.2 t o. s q artat t.be two .... tbat tbey ... n on thia feedi119 

lrftl, •U• aiai.lu .... on tbe bl9b feedlnt leftl loat. 0.1 :t 0.4 k9 

OftE t.M .... period. 
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4 Synchrony in onset of oestrus: 

Of the o~iqinal ewes (n•234) initially receiving a CIDR, four 

had loet them by the time of withdrawal on 23 March 88. This gave a 

CIDR retention rate of 98.31. 

The incidence and tiffle of oestrus after CIDR removal for the two 

age groups ia auaaarized in Table 11 and shown graphically (on a 

daily basis) in Figure 5. Oestrus was observed in 88.01 (n•206) of 

the ewes during the first three days following CIDR removal. The 

remaining 28 ewes that failed to mate during this period were 

excluded from the ~....ainder of this analysis, although some of these 

ewes were used in other sections of the experiment. 

Statistical analysis, using the Chi-square test, revealed that 

age had a highly significant effect ou the onset of oestrus 

<P < 0.001) with the mixed-aged ewes coming into oestrus at an 

earlier time after CIDR removal than did the two-tooth ewes. Further 

investigation indicated that in the two-tooth ewes, a significant 

linear relationship existed between liveW&ight and onset of oestrus 

(P < 0.05), ~ith the heavier two-tooth ewes ccming into oestrus 

earlier than the l_qhter two-tooth ewes. In the mixed-aged ewes, 

there was no ai90ificant effect (P > 0.10) of liveweight on the onset 

of oestnia following CIDR withdrawal. 
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6 Pro~~sterone concentration: 

6 l Leve s from Days 9 to 14: 

The results of the repeated measurer.1ent analysis of the dailv 
peripheral progesterone concentration, from o,ya 9 to 14 inclusive, 
indicated that there was no significant difference (P > 0.10) between 
the ewes (n•6) that returned to oestrus and those ewes (n•6) that 
remalned pr.•gnant to the first mating. Ewes that returned to oestrus 
had similar progeaterone levels as the ,ewes which were pregnant, as 
shown in Figure 6. There was however a significant return by time 
interaction (P < 0.01), thus indicating that this relationship tended 
to r:.hange over time. Liveweight, feeding level and age wer9 found to 
have no eignificant effects on the daily progesterone concentrations 
(P, 0.10) during this period. 

Ewes with multiple ovulati~ns (2 CLs, n•4) were found to have 
significantly higher (P < 0.05) progesterone concentrations during 
Days 9-14; than the single o,ulating ewes (n•8) as shown in Figure 7. 
The relationship of progesterone ~~ncentration between twin and 
single ovulating ewes was found to remain constant over tirne since 
there was no significant CL by time interaction at the P > 0.10 
level. 

Given theae preliminary findings., it was decided to pool the 
samples as outlined in the materials and methods section, as the 
sampling regime took into consideration the possible diurnal effect~ 
of progesterone secretion. By accounting for the signifi~ant effect 
of CL numbftr in the model used to analyse the pooled progesterone 
concentration, aa well as other main and treatment effects, it was 
felt that this would not adversely affect the true pooled 
progesterone concentrations over the 12 sampling times. The samples 
Mere then individually pooled over the 12 sampling times and the 
determine ion of progesterone concentration was carried out. 
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t 91bryo n-lfll Cl...,. born per c,,na •bed and lllllbincJ percentage): 

flale lyeie u...S elate frca lt7 anlJlala out of the ori9inal 206 

..... ••• •• laabin9 inforaation ••• aiaain9 on 19 ewes. The 

renlt• froa he atatiatic.l analyaie on lllllba born per ovua shed to 

ft.rst. "r,,ice (eapreeaecl •• a proportion of lad)S born to the total 

n..,_r of en- -1led froa all .... Nted at the synchronized oestrus), 

lllllbint percent•.. (esprea.ed H the percentage of lambs born to the 

total n\lllber of .... bred at the synchronized oestrus) and percentage 

of aultiple birth8 to the synchro ized aatin9, are p~esented in Table 

14. Before conducting thia analysis, all raw data was first sut:jected 

to an arcsine transforaation (Snedecor, Cochran, 1967). The findings 

of this analysis, which represent embryo survival rates, are 

auamarized in Table 14. (The overall -•n lambing percentage to the 

synchronized matin9 was found to be approximately 1021.) 

Tabl~ 14: Effect of ap, feeding level, CIDR treatment, OR and 
significant interactions on the embryo survival 
(repi:esented by average percentage of lambs born per ovum 
shed and the lambing percentage) and the percentage of 
multiple births to the first mating. 

Trait Level n 

Alie 2 74 
(years) >2 113 

r .. d L 95 
Level H 92 

CIUR - 94 
+ 93 

OR 1 50 
~ 137 

Feed x CIDR 
L- 47 
L+ 48 
H- 47 
H+ 45 

X LSN :t SEN 

B Cbi-aqu•re 

Lambs Born 
Per Ovulll 
ShedA 

.6115 :t 0.05 

.5455 :t 0.04 

.5470 :t 0.05 

.6099 :t 0.05 

.5581 :t 0.05 

.5988 :t 0.05 

.5600 :J: 0.06 

.5766 :t 0.04 

.4503 :J: 0.07 

.6437 :t 0.07 

.6659 1: 0.07 

.5540 :J: 0.07 

teat. 

C Non-applicable. 

Sign Lambing Sign 
PercentageA 

NS 97.7 :t 9.6 NS 
100.4 :t 7.8 

NS 96.4 :t 8.5 NS 
101. 7 :t 8. 7 

NS 95.5 :t 8.6 NS 
102.6 :t 8.7 

NS 56.0 :t 11. l *** 
11!.3 :J: 6.7 

* * 
80.7 :J: 12.0 

112 . 2 :t 12 . 0 
110. 4 :t 12 .1 
92.9 :t 12.4 

,, 

Percent Sign 
Multiple 
Births8 (n) 

61.6 (23) 
72 .4 (42) 

69.9 (33) 
66.7 (32) 

67.0 (31) 
69.4 (34) 

NAC 

41.5 (14) 
58.5 (19) 

53.1 (17) 

U.9 (15) 

NS 

NS 

NS 

NS 
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Analysis of th data for CIDR treated 
th f c of both age and feeding level were non-

{ > 0.10) in in lu ncing th lambs born per ovum shed at 
s vie , 

0 h V 

lthough anim ls f d at nigh levels and CIDR 
h low r mbryo survival rates. 

m d t w s nalys d r lative to the two feeding 
nt th t t the low fe ding allowance CIDR 

t t P < 0.05 lev 1, while the feet of 
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.... , .-"" an••ro aattlftl dr:opptd fro• 66. 61 to 55. n for CIDR 

tr:llat.« ant.Ml.a. 

~able 15 in Appenclix 1 aU111ari••• the reaults of an analyses 

whlch ••• par:foraed to eee to whether fe•din9 levels or CIDR 

tt-eat .. at bacl aay carr:y•over effects on the subsequent lulbing 

parfoalllftCe. Aleo lnclws.d 1n this table are other main effects which 

'"" in,,.ati9at•d to deteaaine whether they had any effect on the 

laabin9 perfos:Nnce. The reproductive traits examined include mean 

laa> birth .. 19ht. total litter ftight, gestation length of ewes, sex 

ratio of 1..,. born and the percentage of multiple births. It should 

be noted that the traits examined in Appendix l include all 

obtainable data froa the 1988 breeding se3son for the flock of ewes 

used in the present trial, and the data are not limited to the 

aynchron~sed -.tincJ. 
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CHAPTER Vi GENERAL DISCUSSION AND CONCLUSIONS 

1 Voluntary her ~ge intakes: 

The main emphasis of this study was to investigate the effect 

that post-mating exogenous progesterone (in the form of CIDR 

treatment) had on the reproductive performance of the ewe, ard 

whether or not the level of post-mating nutrition also affected this 

trait. In order to achieve thie experimental objective, it was 

necessary to provide two different post-mating pasture allowance 

levels to the ewes. Although the techniques used to achieve the tw~ 

pasture allowance levels and the :methods of estimating the voluntary 

herbage intakes of the ewes (using chromium marker in the faeces) 

were of relative importance, the main aim of this trial was to 

investigate reproductive performance. 

Standard farm stock management, through use of rotational 

gra~ing and other techniques, were employed prior to the beginning of 

the differential feeding period. Sward heights (cm) were regularly 

monitored and the resulting residual or herbage masses in kg OM/ha 

were calculated (Earle , McGowan, 1979; Michell, 1982; Matthew , 

Thompson, 1986). By manipulating the movement and numbers of the 
• 

stock, it was possible to achieve the pre-determined pasture 

allowance targeta (s~ard heights) and maintain them throughout the 

duration of the trial. This resulted in the establishment of two 

different pasture residuals for the two week period of post-mating 

nutrition. These sture allowance levels led to herbage intakes that 

w r considered to be less extreme than those reported in other 

scndi s. The sward heights used in this experiment were arbitrarily 

s (mainly through trial and error) at 3.5 cm and 6.0 cm for the low 

and high pasture allowance levels, respectively. This technique of 

controlling sward leight in grazing experiments designed to 

inve t1gate ewe reproductive performance at ma ing has been used 

succ ssfully by other researchers (G.inn et al •• 1988). 

In oth r similar experiments, the mount of feed offeLed to ewes 

ia va~i•d widely with ewes often fed specially formulated rations 

•1d housed n barns or kspt un r feedlot conditions. For instance, 

oth ~ummi 9 et pl. (1975) and Parr §t tl. {1987a) used feeding 

lev la of 0. SM, l OM and 2.0 M. The two extreme feeding levels 
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Th~ appar n an daily in akes, as calculated from the !n vitro 

cir ib~l ie and ·he de ermination of faecal chromium, indicate 

ha the exp rimental objective of feeding ewes at either 1.0 Mor 

le M, during the post-mating period, was basically achieved. The 

h~gh feeding level however, fe41 slightly short of that proposed at 

the beginning of the trial, but it uould appear that the ewes wez:e 

fed to ad 1ibitum conditions. By using the estimated intake 

~nformation from the 20 CRD ewes, it is possible to extrapolate to 

he la=ge flock of ewes and a $Uffle {with a high degz:ee of accuracy) 

that he ewes wer also on these two respective l vels of feed intake 

dur1ng th tw week post-mating period. The differences in v~luntary 

herbag intakes are also reflected in the liveweight changes of the 

20 CRD ewes, as well a the entire mob of ewes {n•206). 

~ L veweight chsnges: 

The stimated voluntary herbage intakes of the ewes can be 

corn ai: d to the liveweight c.langes associated with the different 

iev ~~ c~ -utrition. Liveweight changes have often been used as a 

ifect of nutritional treatment. Significant bcdy 
mea ur o 
w 1ght nutrition interactions were detected in the 20 CRD ewes 

.1.gur. 3), ~n:i wh n the liveweight. changes of the er ... ire mob of 

wt analysed, bo h of the two po~t-rnating pasture a~lowance 

w r also found to have significantly affected the liveweights 

at W -+l 
0,001) and week +2 (P < 0.01) (Figure 4). 

Man liv w ight changes for the total mob of ewes, during the 

tw we diff ential g~ating period immediately following mating, 

1.vew ight loss of 2.8~ on thP lov (l.O M) pasture 

an a livew ight gain of 4.1\ on the high (1.6 M) pasture 

l vel. William ~ CWlffl1ng (1982) reported losses of S.7\ of 
al wa 

a 1 wa 
i 1 al ight when ewes were fed a maintenance level diet over a 

& ♦mi ar tw w k feeding period, while ewes on a 2.0 M diet had a 

11 t l1vewe ght during the same period. A a milaz: study y 

(19 1a} ~•• reported that ewes differentially fed over 
ga n t 

t 

) t 

if am , 

""' 

lad l asea of 

1g t ga n (0. 4 

l1fMI 9 (l 8 l ah 

H dtat, tan th 

of initial liveweigh,. n tl .0 K 

when fed a 2.0 M di t The report of 

d • sl~ghtly larger, ss of liveweight 

aluea reported in this trial but the 

(l 1a) saell\S 
e similar. The awes on th• 
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2 OM di t of bo h Williams, CUfflll\ing (1982) and Parr et al. (1987a) 

o gain as much weight as the ewes did in this 
did n t ee 
experimen, even though the high level of feeding in this trial was 

cal ula d to be 1.6 M. The reason why the ~wes in he preser.~ study 

appear~d o gain more weight at the l.6 M pasture allowance level 

compared to the 2.0 M level of other workers may be due to 

difference in the way previous workers had calculated the relative 

feeding l vels. 

Ewe on th low pasture allowance levels (l.O M) in both the CRD 

group and the to,al mob of ewes, as shown in Figures 3 and 4, 

appeared to lose weight during the first week following mating. Then 

during the second week of the differential feeding period these ewes .. 
had net gins in liveweight. The rapid and sudden loss in liveweight 

for h lo~ fed ewes during this first wee~. may have been due either 

~ the nutritional treatment imposed, or to the stress associated 

with h large amount of handling or a combination of both. During 

th two weeks foll wing mating the ewes in this experiment were 

d o consid~~able handling and movement during pasture 
s 
rota ion, faecal sami:,l~ng, post-mating CIDR insertion and removal, 

w 1.ghing , blood sampling and laparoscopy. Doney et al., (1976) 

ugg d ha the stress associated with minor surgery such as 

laparo copy may hav d tri.mental affects on ewe performance How ver, 

K lly, All~son (197) indicated tha a single laparoscopy at mating 

ha n adv r 
tfect on th reproductive performance of ewes. 

IC n tac as ressful environment existed during the first week 

flowing mating (de to laparoscopy and/or excessiv• handling), this 

mg ex la n why he low fed ewes tended to gain more liveweight 

e of differential feeding. Bovever, the ewes on 

all wane level were also subjected to the sa"'8 

ra t1 e and procedures, yet they still had a net gain in 

dut 

th 

th a 

9 

nd 

same two week period. ~herefore, it was 

, la aroa opy procedure and the frequent handling of 

eraely affec the1.r anticipated changes in 

aequ nt reprodu tive perfonunc• of the evea. 

ef therefore, 1s that a sudden change 

al atatua ia eapona le for the initial live-weight 

tw fed ng levels. In the second wee the ..... ta 111 e, a rhapa feed ng pattern• chang 
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As the faecal samples frOftl the CRD ewes were only collected over the 

second week, changes in feed intake during the entire post-mating 

period were impossible to detennine. 

The results of the liveweight changes for the 20 CRD ewes 

(Figure~, indicate that age had a slight effect on the liveweight of 

th~ ewes at the first two weighings (Weel -5 and Week -2), although 

it did not reach statistical significance (P > 0.10). At the Week 0 

.eighing, there is a significant effect of age on liveweight, at the 

P < 0.01 level. For he final two weighings (Week +land Week +2), 

the effect of age on liveweight is highly signifi ant (P < 0.001). 

For the entire flock, there was a highly significant (P < 0.001) age 

effec at all five weighings (see Figure ◄). The effect of age on 

liveseigh has been reported in other studies where the you~ger ewes 

tend to have lowe~ body weights (Coop, 1962; Gunn et al., 1986). 

3 Inc~dence of o-strus: 

The use of CIDRs was effective in synchronizing oestrus in most 

of the animals reated, where 206 out of 2~4 (88.0\) were mated 

during he firs 3 1.ays following CIDR withdrawa ... The CIDR retention 

rate of 98.3\ reported i this experiment is cr;mparable to that of 

McMillan ( 98 ) , but sligt. ly better than t.nose reported by both 

Harvey et al., (1984) and Hamra et al., (1986), which were 95.2\ and 

a,.o tively. Th r was no noticeable incidence of either fluid 

diacharge or unpleasant smell detected with the withdrawal of the 

CIDR• •• reported both Hamra et al, (1986) and Maxwell, Barnes 

(1986) w th aponqe removal. 

The ns• of o,.,t rus was si~nificantly earlier (P < 0.001) in 

he • xed age ewea ban that of the two-tooth ewes, as shown in 

r 9ur Th t.w -tooth ewes were $.>.9nificantly lighter in body 

lpt tha h 1111ix d a9 .. .., .. and this would explain the difference 

n • rua onset ween the two •g• groups. 'fhia ia in agreement 

W th l h 15,. 11 a (U 4), who u•ed CIDRa and reported that the best 

ayn hr ny of 

a. 0th 

atr 11 curr din high body weight anrt feed allowance 

atud.>. a uaing progeateron adainistration aa injections 

r ap ng a tLaaond, 196 ; Allison, l9"1S; Xu, 1987) had aiailar 

T aaj ity f the aldxed-age ewes in this experiment c ... 

a rua w hi th f rat ay following CIDR reaoval, whereas the 
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w w re sly mated on th second day. This finding is 

n agreemen w1 h h work of McMillan ,1986), as well as Ha~well, 

Banes (198 who indicate th3 the n~jority of the ew swill be in 

val. 
):U w n 24 and 48 hours following CIDR r 

4 O la ion rat 

c rr 

significant effect of both age nd liveweight on OR was not 

d, as Coop (1962) has shown that the OR is positively 

liveweight at mating. The two-too h ewes tended to~ 

19h r n body w 1aht and therefo e had a lower mean OR (1.55 ± 

0 han did he mixed-age w s (1.87 ± 0.04). The low OR in maiden 

may b du o the low bodyweight of hew~ animals as suggested 

aramuzz & Radford (1983). H~wever, the mechanisms by which age 

nf uenc C is not cl ar. Comparison of ~he reproductive 

nnanc of g oups of ewes d1ffer1ng in age but of similar body 

1~ ad ond1 10n has r vealed that only a very small age effect 

s (~unn t al., 198). tt becom s difficult to avoid the 

t und1ng ff et of both ag and bodyweight on the resulting OR 

J: 

~ quit diff cult to say with any certainty that the ORs 

o any one pe~ fie factor or combination. 

one n ra ion 

& y ro s r eonC" n rat on: 

l naiy analysi of th daily prog sterone levels of the 

th n n-pr nan w s show d the relationship remains 

0 Day 

of a r at 

-U o th 

rn asur 

0 10t w r found ~nth pr 

strous cycl (Figure 6). 

analysis no significant 

st ron cone ntrations 

n n-p ant v s, ut h rel ionship 

ap r d o change oveL ime. The 

n .a.gur • shows a fairly 

t ap t ly Day 12 to 

regnant ewes. Thu 

y ue to the a ly 

• t., 0 St Kl la e th ewe 

l 8 e ablh nt p e nancy 
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According to Plotka, Erb (1967), Obst, Sea1Mrk (1970) and 

Allison, McMatty (1972), the progesterone level in ewes after mating 

nodally incre,ses frOffl oestrus to maxifflUffl values by Day 9-11. ln the 

ewee ~hich fail to conceive, the progesterone level then drops 

eharply by Days 14 to 16 cf the cycle. Other reports suggest that 

during the noz:mal oes rous cyr13, progesterone l.evels peak on Day 15 

prior to i declining sharply on Day 17 - just before the 

reoccurrence of oestrus (Stabenfeldt et al,, 1969). Brien et al, 

(1981) have shown that there is a significant difference in 

proqesterone concentrations in the plasma of pregnant compared to 

non-pregnant ewes as early as 12 days following mating. This is 

supported by the work of Rhind et al. (1986) who found that ewes 

.mich were not pregna had a rapid decline in progesterone profiles 

a Day 13 following mating when compared to those ewes which remained 

pregnant. Although, all the reports differ as far as the absolute 

el~ are concerned, the general progesterone profile patterns are 

aix y im1lar with regard to whether ~r not the ewe conceive~ to 

mat'ng r fails to become pregnant. 

lt appear from these reports that using the peripheral plasma 

progeat ron concentrations ,s an early indication of the pregnancy 

e atus may not very reliable if the samples were collected ~rior 

Oay 1 follow ng oestrus. In the present experiment there may have 

a t r nd towaa: • differ nee in hormonal concentrations at Day 

l l d an ~,creas in progesterone levels in pregnant ewes, 

ra 1 1 han ad r ••• in non-pregnant ewes. The repeated meaaures 

ana y ia h wever, ind1cated that no differ•neea \!'et• statistically 

• 9n ft an, which may be partly due to he small sample size. If 

aam l n; were con inued after Day 14, it would have been 

t detect a difference in hormonal levels between the 

-, ant and non pregnant ewes due to the regrea ion of the CL and 

t ta dy fun t ~n (Dis n, Sreenan, 1986). 

• 9 

j 

• n .. 

II\ 

r haa indi at d that the progeaterone levels vary 

~ the ti1Ma n the oestrous cycle. llhind SL..t.1..:. 
tat t .. an prog ater ne profiles of eves failing 

1e9nant aft r i ining w re aigaif1cantly lower than 

a at ay . ~11..aut , ales (1981) and Parr tt tl, 

• 99 at aortality 2• h19her in aniaala with 

l els up t Oay 6 after aating. Thi• may 
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direc ly affect eftlhryo survival and i111Plantation, resulting in the 

ewes failing to ea ablish a pregnancy. It was JJnpossible to verify if 

proqeeterone lP-vela actually differed significantly in th~ pregnant 

cc,fflpared to the non-pregnant wes in this trial, since blood sampling 

was no carried ou prior to Day 9 or beyond Day 14. 

5.2 Poo ing f blood sampl&s: 

Fer he main progesterone analysis, the blood sampling regiffl8 

involved he pooling of twice daily samples ove~ the six day 

collection period for each ewe. This was done to reduce the 

considerable variation and fluctuation3 expected in the progesterone 

oncentrations (S abenfeldt tt al., 1969). There is a suggestion that 

th re are diurtal changes in the peripheral plasma progesterone 

concentra ions which occur during the luteal phase of the shaep 

strou cycl~ (Allison, McNatty, 1972; McNat yet al., 1913). The 

re ul i a single sample, representative of the progesterone 

concen ra ion or each ewe during the luteal phase of the cycle -

d fined hP.re o be Days 9-14 of the oestrous cyele . 

. 3 Age effects on progesterone concentrations: 

~h effect of aqe on the pooled progesterone concentrations was 

d • nttra ed with he two- ooth ewes having a slightly lower 

pro~•t•r ne lev l (l. 8 ng/ml) than did the mixed-age ewes (l.76 

n;t• ), • th ugh his difference was not significant. The study of 

ar • I~ al, (19 1) showed the opposite result where the progesterone 

le.ela at Day 1 poat•uting ~,re significantly higher in m&iden 

l n9/m) veraua aature ewea (2.36 ng/al). They have however 

ftd at d hat ther 011111>ariaona rude by A. Williama (unpublished 

da al hav • ther ahovn .. ture • a to have higher pl.,... levels of 

pl 1 •t•r ne early pregnancy than uiden ewes or there was no 

a 9ft fi ant diff• nee Other rk involving the a~y ah"P breed, 

ba ah n differen • between i_.t re eve• and .. tur• eves with 

~• da periph ral r099ateron• levela csa1th ft al., 1916>. 
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4 f of CL n._t,er o progesterone concen ration: 

£w s v eh had a single CL were found to ha,,. a significantly 

r. proqe erone concen ra iOtl (1.49 ng/ill)) than did the •ves which 

had t CL (1 73 ng/ml), as depicted graphically in Figure 7. The 

d ffer nc in progeste~one level for single versus mul iple 

vu a on ~as also found to retaain constant throughout the blood 

anpl ng pe iod. This finding agrees with others udie$ (Thorburn~ 

11.,., 19 9; Eastwood et al., 1976; Quirke et al., 1979, Brien et al. 

98. w lliaftl&, cunning, 1982). Wilmut et al, (1986) reported that 

h pr ge erone conc~n ra ions during the luteal p ase of the 

e 

• 
r 

• 

• 

y e incr ased aa he number of ovul&tions increased, 

ea h addi ional ovulation was found to produce less 

one 

Nu l &n proges erone concentration: 

i exper ment, the ewee on high feed allowance in his 

men ad a sign f1can ly lower (P < 0.05) pooled pr~sterone 

< · 4 ng/ml) han he ewes on he lo• feeding .eveL (1.73 

• 

Th a qn fican d~fferences in progesterone concentrations 

• 

"' h 

re found after correcting for he 

n the analyei . Th s waa done because the 

pr09ttaterone level 1111ay hav been IIIAS ing the 

• nc the y we gh a of t.he 45 •wes used for 

• td on•~ era ly fro• 43.1 kg to 17.2 kg and 

0. l q r ue a udi•• have ahown that an invera• 

• • et•• n nu i nal level and peripheral 

le l ( r n •t al,. 1981; Parr tt tl,, 1982; Willi ... , 

'J'h 

tw 

•• 

• 

nd tJ. 11,~ 198 M ICelvey , llubinaon, 1986: Parr ,.s. 

1Mgni ucS f th difference• 1n horaonal levela 

re al wan lewla reported n thia 

• 9 •• n ther r•poru at..... 0.5 Mand 1.5 N 

• Ot~ ) and 0.25 M, 1.0 Mand 2.0 N 

9 13. 11, u, W ll aa6, Cu.aing Ut82) and t&rr 

t. • fi •in f the peripheral pla M 

t • 

• f pr 

ra-en 

at.er 

of fM<i 1nta • ~• 

• ~ t~ n cC\llllline 
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Tbe preeen analysis showed the a significant liveweight by 

f••d level in era ion ••isted ~ the level of feed intake 

ta~ ed wi h the liveweigbt effect to alter the relationship 

n..rol•int the MC1'a of progesterone in the e"8S. This appears to agree 

•i h he findincJ• of h g__..ll.,.. (1986) and Payne 1t •A· (1987). 

1 &x noua CIDR reattnent on progesterone concen rations: 

The exogenous pr09es erone treatment in this experiment 

a qnifican~ly increased pooled progesterone concentrations. The ewes 

tha d d no rec ive any post-~ating ClOR treataent had a pooled 

pr gesterone level of 1.34 ng/ml, while t~ose eves th•t were treated 

with CIDR• had a significantly higher (P < 0.001) progest~rone 

ncentration of l.88 ngfml. There was no interaction between CIOR 

r:ea ment and OP. with regard• to the pooled peripheral progesterone 

on entra ions, thus indica ing an additive effect of CIOR treatment 

and OR ex e ed. Thie additive effect o• the post-eating CIDR 

adain a ra~ion is in agr-eeJMnt with the findings of Parr ft al. 

(l987al O er atudiea have ~hown CIOR tr atment to sianificantly 

n re••• pla•ma pr099sterone levels. ~his was reported by Ainsworth, 

• • (l98 ), Ku, a ft. al. (1986) and Barnes (1987> using 

01111z•d ewe• and he fers (Macmillan tt al,, 1987). as vell as 

n an su.1 (Parr ft tl,, 1981a; Murray ft pl., 1988). 

.. 
fer 

• 

v perforaanc · · 

••• of d acussion, the tera 'reproducti,,. perforaanc•' will 

tia1t• which r• of specific ntereat. Th••• inclu<M 

aurv val rate, lambing percentage, and the 

th 

• 

abry 

lP 

l a 

b1r ha he first mating. 

and ...t>ry survival rat•• in the tvo-tooth 

t~a in h• al• -a9e ewes: Tables 13 and 

4 \ versus 62,3 (pr4t9ftancy) and il.21 

al) reape t1vely. Th••• difference• were 

101 and ao hey are unl kely to b• real 

Ulb n9 enta(Je and percent of aultiple 

t i T • 141 ah v the Iii -•" eve• to have 
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a g ly h gh r, non a qniiic&n lambing percentage than the two-

too f!" (100 4\ r us 97."71). Sc ramuzzi , Padford (1983) ~nd 

ft. a . ( 986) hav reporte si Har findings. This esult can 

· ally be a_tribut d t.o he significantly higher OR in the mbced-

we,. om ar d 

bl c. he 

X d 11.g 

abl 4,, s ehown 

.2 Ovu a on rat..;i~ 

h 

o the tw - ooth ewes. This higher OR is al~~ 

li htly grea~tr percentage of multiple bi,ths 

("72.4\) compared o the two-tooth ewes (61.6\) 

,~ the YOr of Rattray et al. (1980 & 1987). 

w app ars to significantly influence the 

e ul ng re~ oduct1v performance, as shown in Tables 1~ and 14. The 

pr gnan~y ~ for all he ewes having only a single ovulation 

( C ehown in Table 13, ..,hile Table 14 shows the embryo 

~rv va ~at for ew with a single ovulation as being 56.0\. In 

he)r., h s t va ues should be the ame. The reason why these 

~au ff~ spar ly du to th 206 ew record used to calculate 

au in ~abl 13, whil in Table 14 only 187 records were used. 

T pr nancy rat valu was alculated using the ult~asound data and 

tha eome fo tal loss may h ve occurred after the 

ta n r c dur wa p rfo m d (Quinli~an e al., 1966; Moore, 

1, fo th valu t nd to diff c slightly. 

, 

ing fr nancy rat of an e~ can be improved depending 

1 W 

.. 

h 

t 

d single ovum a~ o strus or whether multiple 

shown in Tabl 13. The pr gnancy rate improved 

0.0) from 0. \ to 68.3\ for ewes with one CL 

Tia i ~ha i: d by the second part of Table 

an diff r nc in th pregnancy rste relative 

h d or all th main nd treatment effects. 

th r rta of both Gunn t al, (1972) and 

h in teat th t th pregnancy rate is 

d w th w CL c ar d with single CL. 

n 

l 

14 ah w that ther 

• ing d multipl 

vum (54. 

t 

n 1..,), i 

was slightly higher 

ova (59.0\) compared 

) • although thi., 

0.10). Although this 

t upport the majority of 
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other studies such as Edey (1969a) or Wilmut et al. (1986) "ho found 

that the proportion of indiv~dual embryos surviving decreased as the 

number of ovulations increased. The reason for the conflicting 

results in this study may be that only two class~s of CLs were 

considered (l CL versus~ 2 CL) and thus it was not possible to 

verify what actually happened to embryo survival at the higher ORs of 

three or more. 

The lambing percentage to first service has also been reported 

to be significantly affected by the OR (Cumming, 1972a). Ewes having 

only a single CL had a reduced lambing rate to fi"rst service compared 

to ewes having multiple ovulations. This observation is confirmed by 

the resu~ts shown in Table 14, where ewes having a single ovulation 

had a much lower lambing percentage (56.0%) than those ewes witn 

multiple ovulations (115.3%). The reason for the effect of OR on 

lambing percentage is obvious. The greater the number of eggs being 

shed, the greater is the likelihood of pregnancy being established 

and larger litter sizes. As a final point it should be noted that the 

magnitude of the effect of OR on lambing percentage is considerably 

greater than the other individual main effects studied~ age of 

ewe, post-mating nutrition and progesterone administration. 

6.3 Feeding level: 

The reproductive performance of ewes on the high pasture 

allowance levels (l.6 M) and the ewes on mainten~nce levels of 

pasture allowance are shown in Tables 13 and 14. Pregnancy rates were 

64.41 versus 61.81, embryo survival rates were 61.0\ versus 54.7\ and 

lambing rates were 101.71 versus 96.4\ for the high and low feeding 

levels, respectively.' These results were not significantly different 

in any single caae, but they do indicate that the ewes on the high 

feed intake levels tended to have marginally better reproductive 

performances. These results would tend to support the findings of 

Keane ~\915) who found that an improved plane nutrition during the 

breedinCJ period significantly incre"\sed the first service conception 

rat••· 

ln th"s trial the ewes on the 10w feedinCJ level hsd a slightly 

hi9her. percentage of multiple b1rtha (69.9\) than did the high 

feeding level 6,1\). The reason for this particular trend could be 
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0 h o h r CO"lC rning th n ficial 
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ron uppl ntation on the resulting 

Th i:e is a slight tr nd tow rds an 

p rforr:,anc of ew s, although in all 

fir:""ilngs w statistically significant. 
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Table 2) and ifl mos no mention is de of 

ion in early pregnancy. Parr et al. (19 7a) 

lana ion for the posing rep rts in the 
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pr ,, de s 

ound i 

evidence on he mechanism responsible for the results 

e pr s n ex:perimen. MCKillan (1987) has suqqes ed that 

ClD~ trea men may teduce pos -fer ilization loss in ultiple 

la i.nq ewe, The use of other po -mating treat.ments to sti.mula e 

lu .. 1 func ion, such as GnPJi or hCG administration to ·see whe her 

be• have any beneficial effec on the reproductive performance of 

en ly 111a P~ could also be incorporated into further studies. 

The collect10 of faecal samples for two weeks f llowinq mating 

rather ha one week might provide some information as to why the 

li,reweiqht changes in he post-mating period were not constant. This 

would have shown whether the level of intake estimated was different 

for the first week versus the second and if so - maybe these 

d.ifferen intakes affected the results. A further refinement in the 

conduct of this work might be the use of ewe condition scoring to 

determ n th amount of fat cover, rather than merely using the 

liveweigh of he animals a an indication of their nutritional 

treatmen 

Blood aaq:,ling of the ewes should also l:>e extended to the entire 

lenqt.h of on strous cycle following mating. This would enable the 

de enninat on of he stage of the oestrous cycle when progesterone 

evel 5tatt to differ between pregnant and non-pregnant ewes. 

Tt un n, Moore (l ,~, indicate tha~ as early as the second day 

after o strus, th a tivi~y of the CL as assessed by its progesterone 

• ret1 n, uy well influ nee the success or failure rf pregnancy. It 

nM<l• t onfirmitd in animal.a of various ages, whether abnorffl&lly 

hlV r low pt g aterone levels early in the cycle affects the 

du t v performance. 

~h• -•• r.-nt of MCR of progesterone by using ovarieotomized 

• • treated ~ith CID s 1n a trial such as this, may help in 

1ehin9 h w the r.esent feeding levels interact with CIOR 

r atment, b d ~e ght ano ther factors to influence p~oguterone 

• a 

• 1nat1 n f Ra pr r the allocation of the ewes to 

at aat1ng aatur • l wan• l•v•l• w1ll reduce the chance of OR 

ft9 f t be _..n the tw groups. This ia uirportant because it 

was "'at e • t t 1stribution of OR had on the 
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-•te e•• appeared o be in etru• sooner han 

t;we 1 ,reweigh influenced be onH of etrua in 

"'1ere he ea•ter wo- o h were in oestrus sooner 
,ewes, 'lbere was no effect of 11,,eweie}h 

gh t wo- o 

of TUS the mixed-age ewes. 

-er gnifican ly higher for the mixed-age ewes (l.81 i 

04) than th 
vo-t ot ewes {1.55 ± 0,06). This difference is 

a oc a ed with he mixed-age •wes being older and 

he• er ( < 01) han h wo- 00 ewes. 
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urvival rate than th mixed-age ewes. The 
pNHJnan y ra e and :etnbry 
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~g er O of he older animals. 
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-1 number o::- hmb~ born on the mean b1tth weight, total 

weight, ·gestation length, 14.l!lb se~ rat~o ano petcent of multiple births (Data fr® t 91 elftts> 
............... 

Gestation Lamb sex Pe.rcen 
:nothA Ratto8 MUltiple 

\ l\am (n) \ Ewe (n) Births (i'I) 

ats) 2 74 4.56 :t 0.12 NS 6.41 :t 0.28 
,.,. 148.03 :t 0.29 •• 44.4 (48) 55.6 (60) NSC: 62. 0 (3.l) ,.c 

1>2 113 4.56 :t: 0,09 fi.H t 0.22 147.41 ± 0.22 SL 4 (94) 48. 6 (89) '74.9 (67) 

L 95 4,54 i 0.09 :NS 6.65 i 0.13 NS 147.29 t 0.20 + 49.0 (72) 51. 0 (15) NS 0,4 (50) MS 

92 4.59 i: C 09 <G. S9 :t O .14 141.67 t 0.21 48,6 (70) 51. 4 (74) 70.8 (51) 

IOJl - 94 4.55 i 0.09 NS 6.65 :t 0,13 NS 147.45 :t 0.21 NS 47.9 (69) 52.l (7S) PS 68.1 {48) NS 

+ n 4.57 t 0.09 6.58 ± 0.14 147.50 t 0.21 49.7 (73) 50.3 (14) 72. l (51) 

Cycle l 123 4.64 :t 0.08 NS 6.71 ± 0.11 NS 148.34 ± 0.18 ... ,_ SL 3 (97) 48.7 (92) NS 68.2 (63) MS 

64 4.49 :t 0.1• 6.53 i 0.16 146.62 :t 0.2Ei 44.l (45) S5.9 (51) 73.5 (37) 

itter She l t7 5.02 :t 0.09 ... . 5.01 ± 0.14 ••• 147.73 :t 0.22 + 49.4 (43) S0.6 (44) NS MAO 

22 100 4.1() t 0.09 8.23 t 0.13 14'7.22 ± 0.20 48.S (99) 51.5 (105) 

LSM t: HM ~ 
~ot•l nUl!lb9.r of l•mbs in this analysis n•291. 

C Chi-equare t..est. 

D Non•appli<::able. 
... 
0 
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a 

io ien was eignifican ly longer in th two-too h ewes 

ay , , a 

0.2 days) han in the mixed-aged ewes (147.41 ± 0.2l 

hown in Ta le 15. Even hough this difference was 

a ically sign1fican at the P < 0.001 lev l, the size of the 

smal &no of li le prac ical value. This is in agreement 

wor of Forbes (1967) who found that as the ewes aged, the 

1 ng h of th g s a io period tended to decrease up to the fifth 

f w 

par y and th nit started to increase. These re~ul s conflicted with 

tho cf radford et al. (1974) who found that the gestation was 

r in younger ewes than in mature ewes, an stated that parity 

had o ff et oth r than that associated with age. 

Th g station length to the first synchronized mating (148.34 ± 

C 18 days) was significantly longer (P < 0.001) than that of ewes 

~g to subsequen matings (146.62 ± 0.26 days). There appears to 

xplanation for this difference, although both Wallace (1948) 

and Al xand r (1956) ~ndicate that poor nutrition during the last two 

m h of pr gnancy have be n implicated in the reduction of the 

t of g a ion. It was not possible to verify this in the 

n xp rim nt as he nutritional levels of the ewes were not 

du 1ng th latt r stages of gestation. 

w s c•rrying a ingle lamb had A slightly longer gestation 

en t (l.41,1 0.22 days) than did th ewes which had multiple 

amba t 1rth (147 .22 0.20 days> as shown in Table 15, although 

a ~f r nc vas not .significant (P > 0.10). Other worke:i:s have 
' 

• a tha • litter size increased, the length of gestation 

( or ea, 1 1; Bradford !S. al., 1974; Eastwood, 1975) . 

H oahier !$; !l (19 9) found litter size had no effect on 

0 lengt i a e p. 
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Sex rat-.o: 

There were no significant differences (P > 0.10) between any of 

the treatments unposed oi: any of the other factors a1:alysed, with 

regard to the sex ratio of ram lambs to ewe ldmbs. Th~ overall sex 

ratio, includin~ 291 records of lambs born, wns 48.8\ (142) rams to 

51.2\ (149) ewes. This ratio is not unexpected since the sex ratio at 

birth is normally assumed to be 50:50 (Foote & Miller, 1971), however 

a variety of natural conditions has been reported by Lawrence (1941) 

to be associated with minor changes in the sex ratio. 

Percentage of multiple births: 

The two-tooth ewes had a significantly lower (P < 0.05) 

percentage of ttJltiple births when compared to the mixed-age ewes 

(62.0\ versus 74.9\). This appears to be directly associated with the 

higher ORs in the mixed-age ewes compared ~o the two-tooth ewes, and 

is related to both the age and liveweight efl:.:-ct .1 (Rattray et al., 

1980 & 1987). The present results are also in agreement with Edey 

(1969b) who noted that maiden ewes normally have a lower lambing 

percentage than that of ~3ture ewes. 

, 
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