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Abstract:

A simulation model was developed to evaluate various estrous synchronization systems which
considered whether or not to palpate; whether to use one injection, five-day prebreeding or two
injection system; and whether to breed by detection, 80 hour appointment or a combination of the two.
Total cost (palpation, prostaglandin, semen and breeding supplies), total pregnancy rate and cost per
pregnancy were calculated for each of seven systems for 11 different cycling rates (0 to 100 percent)
and eight different conception rates (10 to 80 percent). For most cycling rates, five-day prebreeding
systems resulted in one of the highest pregnancy rates and the lowest cost per pregnant cow. Single
injection systems were usually favored over double injection systems in terms of lower total cost and
lower cost per pregnancy. Palpation was desirable in the majority of systems except when 90 percent or
more of the herd was cycling. Breeding by detection resulted in a lower cost per pregnancy than other
breeding methods except when cows were palpated prior to injection and breeding.
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ABSTRACT

A simulation model was developed to evaluate various estrous :
synchronization systems which considered whether or not to palpate;
whether to use one injection, five-day prebreeding or two injection
system; and whether to breed by detection, 80 hour appointment or a
combination of the two. Total cost (palpation, prostaglandin, semen
and breeding supplies), total pregnancy rate and cost per pregnancy
were calculated for each of seven systems for 11 different cycling
rates .(0 to 100 percent) and eight different conception rates (10
to 80 percent). For most cycling rates, five-day prebreeding systems
resulted in one of the highest pregnancy rates and the. lowest cost
Per pregnant cow. Single injection systems were usually favored
over double injection systems in terms of lower total cost and lower
cost per pregnancy. Palpation was desirable in the majority of
systems except when 90 percent or more of the herd was cycling.
Breeding by detection resulted in a lower cost per pregnancy than
other breeding methods except when cows were palpated prior to
injection and breeding.




Chapter 1
INTRODUCTION

Cow-calf producéfs often 1ook to artificial insemination (AI) ‘as
one means of inéreasing pounds of calf weaned per cow bred. AI pro-
yideé access to superior sires, facilitates cfossbregding programs and
helps protect againstlveneréal qiSease. Despite these advantages,
man¥y producers are reluctant to use AI because of the difficulty in

.detecting estrus undef,range'coqditiéns and the lack of adequate feed .
and facilities.for confining cows during the normal breeding season.

Estrous synchronization would facilitate the use of AI fo£ many
producers by minimizing the need for ﬁeat‘detegtion‘and allowing:cowé
to be bred during a shorter breeding period. A shorter breeding
period reduces the length of the cél#ing season and results in more:
uniformity in age and size of calves af weaning. More calves a;e.born
in the_early.part of the calviﬁg season and'are older and heavier at
weaning. Cows that calve early also fend to remain early calvers and
produce more pounds.of calf in their lifetime.

Aithough maﬁy estrous synchronizing agents are currently under
study, only Pfostaglandin F2a_(PGF2d) has been cleared by the Food
‘and Drug Administration for use in the United Sfates; In deveioping

a herd estrous synchronization program with PGF, , a producer is

20,

faced with several decisions. The fifst decision is whether or not

to palpate in order to determine the proportion of cows cycling. Once
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the decision is made to éynchronize, a producer must then decide
whether to use a one or two injection system. Finally, a pfoducer
must choose whether to breea by detection, appointment, or a'combina—
tion of both. When all possible options are considered, ‘several
éynchronization systems are feasible. In order to choose the most
suitable system,'a producer must be able to predict_the effect of
each breeding alternative on the overall pregnancy raté and total
breeding cost. The best alternative for a particular producer will

depend on the AL pregnancy rate desired, length of the breeding

period, availability of labor and facilities, and the cost of prosta-

glandin and semen.
The purpose of this study was to evaluate various estrous syn-

chronization systems in terms of expected breeding performance and

related costs.




Chapter 2
LITERATURE REVIEW

Response to PGan

Prostaglandins.Were discovered in the 1930's by Goldblatt (1933)
and Von Euler (1934) and have been been identified as pla&ing an
integral role in the reproductive process of the beef female (Rowson
et al., 1972). Prostaglandin o (PGFZQ)’ which is formed by the
endometrium and secreted by the uterus (Wilson et al., 1972; Hansel
éEnél" 1975), has been shown to cause regression of fhe corpus
‘luteum (CL) and- to consequently control the onset of estrus and
ovulation (Lauderdale, 1972; Stellflug et al., 1973; La Voie et al.,

1975). The specific method of action of PGF o On the estrous cycle is

2
complex and has Been the subject of several review ﬁapers (Inskeep,
1973; Henricks et al., 1974; Louis et al., 1974; Thatcher et al.,
1976).

One of the first attempts to use PGFZ& to control estrus in

cattle indicated PGF, would shorten the lifespan of the corpus luteum

20
by céusing it to regress when administered to cows five-or more days
after estrus (Louis gg_élj, 1973). Regressioﬁ of the corpus luteum
caused return to estrus and ovulation, usually within two to four days
after PGFZa was:admiﬁistered (Rowson, et al, 1972). vTherefore

Lauderdale (1972) concluded that a cow must have a functional corpus

luteum betweeﬁ days five and 16 of the estrous cycle in order for
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prostaglandins to régress the CL and allow the cow to advance to a
new estrus.

Fertility of the synchronized estrus has been comparable to con-
trol cows when bred in a similar fashion. Rodriguez et al. (1974)
used 188 heifers and 25 cycling cows between day seven and 21 of
their estrous cycles to Eompa;e control and treated groups bred by
detectién. Treated animals were injected iﬁtramuscularly with 30 mg
_PGFZ& and both groups were inseminated at detected estrus. Pregnancy
rates of 38 and 32 percent for control and treated groups were not
different (P > .05). Lauderdale et al. (1974) also compare& control
and treafed cycling cows bred by detection.- Treated cows were given
a 30.mg injection. Pregnancy rates éf 53.3 and 52.2 percent for the
control and treated cows were.not s%gnificantly different. Moody
et al. (1978) performed a similar experiment to compare fertility of
control and treated groups bred for 30 days by detection of estrus.
Treated cows received a single 25 mg injection. Pregnancy rates at

the end of the 30 day breeding season were 72 and 61 percent for

treated and control groups, respectively.

Estrous Synchroniiing Systems

The objective of synchronization is to manipulate the cow's
reproductive cycle so that all cycling cows in a herd show estrus

during a short period of time (Figure 1). Prostaglandins are only




Figure 1: Estrous Cycle Of The Cow
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effective on cows with functional corpra lutea (day six to 16 of the
estrﬂus cycle). Cows between day 17 and Zi of the cycle &o not respond
to ‘prostaglandin because the corpus luteum is regressing. However,
'c&Ws in this stage of.the cycle exhibit estrus within thg next one to
five dayé due té normal CL regression (Louis.gg_gl,, 1973) ana afe
consequently fairly well synchronized with the cattle responding to
‘PGFZa (Rowson gé_gl., 1972). Cows between day one and five of the

cycle do not respond to PGF because the corpus luteum is immature

20,
(Rowson et al, 1972). Since these cows do not show estrus until 15
to 20 days later, most synchronization systems are designed to manip~

ulate cattle in day one to five of the cycle in order to.include them .

in the synchronized breeding.-

Single Injection System

One of the simplest synchronization systems involves a single’

injection of PGF This system requires‘éattle to be handled only

20"
_'twice (injection and breeding) and resuits in a short AI season.
However, only 75 percent of the cycling cows are synchronized.with
a single injection: those cows between days six'énd 16 of their
estrous cycle and those cows betweep'days 17 and 21 of thelr cyéle.
Appfo#imately 25 percent of the herd, those cows from day zero to

five in.their estrous cyecle, will not respond.té the prostaglandin

injection.
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Several studies have indicated the single injection system is an
effective method of synchronizing estrus in beef cows (Léuderdale,
1973; Hafs et al., 1974; Turman et al., 1975). Roche (1974) compared
pregnancy rates of control and treated heifers befween day five and -
20 of their estrous cycleé when all heifers were bred at‘detected

estrus. Treated heifers were injected with 30 mg of PGF -The 75

20°
percent pregnancy rate at the synchronized heat in heifers treated
with PGan did not differ significantly from the 73 percent pregnancy
rate obtained in the untreated control heifers.

La Voie and Self (1979) also compared pregnancy rates of treated.
and untreated cows when bred by detection. Control cows were bred 12
hours gfter Fhe detection of estrus while treated cows were given a

25 mg PGF, dinjection and bred them in a like manner. First service

20,
pregnancy rates and total pregnancy rates were 38 and 60; 23 and 59
percent for control and treated grouﬁs-of young cows. First service
pregnancy rates and total pregnancy rates for control and treated
groups of old cows were 51 and 53; 60 and 65 percent and were not
significantly different. Dail§ et al. (1979) performed a similar
experiment with 483 dairy heifers to compare pregnancy rates of
control and treated groups bred by detection of estrus. Treated

heifers received a 25 mg injection of PGF Total pregnancy rates

2a

for the control (47.5) and treated heifers. (52) were not significantly

different.
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' Lauderdalé et al. (1974) cpmbéred prégnéncy ra;eé,of control
animals to those of treated cattle'bred by ietectioﬁ'6r—éppqintmeﬁt{”
Contro1 cdwslwére obégrved/%of'esérué ;nd inseminated-accordiﬁglyl
:regtéd cattlg were given a 30 mg.injeétion-of'PGan anﬁ éither insem;.

inated at detected estrus for seven days after PGF or inseminated at

20,
70 and 92 hours after PGF, ;featménf without regard to estfué."Per—
cent cows pregnant at 35 to 60.déys affef.Ai WaS'53.3;.52.2-and 55.8

.resﬁeCﬁiVélyvfor c6n£rol céws, treafea'éows‘bred bf:deteétion of
- estrus and tréégéd‘céws bréd by apféintmeﬁt; Thére Waé no sighifigant
_difference 1in férﬁility'amoﬁg conprsl and'treéted'animéis bred by
deteétion or appdintmeng;. |
Thesg“stgdies iﬁdicate that éxsingie injéctionféf‘PGFQd is an
.éffectiﬁé mgthqd of.éynchfoﬁiéing estrﬁs in beef cows.and that PGan

- does not effect the pregnancy rate at breeding wheh'compare& to a -

conventional system.

‘\Fivéfdéy Prebreeding
Another méthod‘to manipulate cows in days one;td five of their
estrous éyglé is to inseminate'thoée cows detebted.in estrus for
five déys and then give a singie:iﬁjeétion of‘fGan to.ali'caftle gét‘
préﬁioﬁsly inseminéted. The reﬁéiﬁing qnbred ééttle‘muét'be insem-
inated according to détgction of estrud for.four,a&ditional days-br

bred by appointment. Bfeéding Ehosé cdws_in,heat for five days
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-before injection eliminates those animals that would not have respoﬁded
to the PGFZa
respond. In addition, it provides an opportunity to de;erﬁine what
percent of the herd is cycling and to evaluate the feasibility of
synchronization. AlthOugh'cattle'are handled three times in this
system, fewer cows have to be injected and all cycling céws are
included in the system.
wM‘-Doorn'bos and Anderson (1979) compared this system of five-day
prebreeding to a conventional AT sysfem using lactating ﬁéreford cows.
Treated cows were inseminated to observed estrus until the fifth day
of the breeding season at which time.all cattle not previously in-

semindted were injected with 33.5 mg of PGF Control and treated

20"
cattle were bred 12 hours after detected estrus. First 'service preg-
nancy rates and total pregnancy rates after 45 days were 76 and 90;
75 and 100 percent‘for the control and treated groups. Results show
no difference in first service pregnancy rates, but that total preg-
nancy rate of the treafed COWS was higher‘than fér the untreated

control cows.

Lambert et al. (1975) used PGF o o compare a conventional AI

2

system to treated cows bred by a combination of detection and appoint-

ment. Cattle assigned to the conventional system were inseminated at

observed estrus. Animals in the PGF, system were inseminated for

20,

five days prior to the breeding season. On the fifth day, cows which

treatment so that on the fifth day all cycling cows should
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hadn't begn previously inseminated were injéctéd with 33.5 mg PGan'
Cattle were bred at detected estrus until 75‘hours post-injection at
which time all remaining cattle were inseminated. AT first service
pregnancy rates were not significantly differént between the control
(45) and PGFZa (43) systems. However, the total AI pregnancy for the
PGFZa system (54 percent) was higher (P < ,05) than for the convention—.
al system (42 percent).

" Lambert et al. (1976) did a similar experiment with 240 virgin
_heifers and 669 postpartum cows. Total pregnancy rates (83 and 77
percent; P < .018), total AI pregnancy rates (52 and 41 percent;

P < .01), and AI first service pregnancy rates (47 and 38 percent;

P < .009) were higher for the PGF system than the conventional system.

20

Results of these experiments demonstrate that this single injec-

tion PGF

2% system does not decrease pregnancy rates of cattle when

compared to a conventional system under range beef cattle management

conditions.

Double Injection—--Single Insemination

The only system éf;estrus synchronizatioﬁ.approved by the Food and
Drug Administration for use in the United States is a two injection
system Which involves injecting all animals with PGan regardless of
the stage of their cycle and fhen reinjecting elevgp days later. <Cows

in days zero to five of their estrous cycle will not return to estrus
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in response to the first injection buf should be at about day 11 to
16 at the time of the second injection. The first injectiZn will
regréss the CL 6f cows in days six to 16 of their cycle causing them
to return to es£ru$ two to five days later a;d they shouldibe at
approximately day seven of their next cycle at the time ofﬁthe second
injection. Cows in days 17 to 21 of ?he cyecle will coﬁe into heat at
about the same time as the cows respbnding to the first injection and
should be at about day seven to ten of their next cycle at the time
of the second injection.

This double injection system is a means to maximize the percent-
age of a herd responding to treatment and it facilitates b?eeding by
appointment since all cycling cows are synchronized'at the time of the
second injection. However, cows require two injections with Prosta-
glandin ¥, and must be handled three times.

200

This system of two injections of PGF o 10 to 12 days apart has

2
been shown to synchronize estrus in randomly cycling cows and heifers
(Cooper, 1974; Roche, 1974; Hafs et al., 1975). g%féwo injection

system was first tried by King and Robertson (1974). Thirty randomly

ten days

cycling Holstein heifers were injected twice with 30 mg PGan

apart. Fifty—foﬁr percent of the 15 control heifers were pregnant
at 60 days post insemination compared to 40 percent pregnant for the
treated group. Pregnancy rates in the treated and control groups were

not significantly different. Ellicott et al., (1975) used a similar
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experimental design with a two injection management scheme and also

found that the pregnancy rates of the PGF

20 system were comparable to

that of a conventional system.
In 1976, Manns, Wenkoff and Adams assigned Hereford heifers to
either a cqnfrol group which was bred at estrus in a 30 day AI program

or a treated group which received two 25 mg injection of PGF o 12 days

2
apart. Treated heifers were then bred at 80 hours after the second
injection. 'The pregnancy rate of the treated cows were comparable to
those in the control group with 46.8 and 46.2 percent respectively.
Manns et al. (1977) assigned two year old heifers to either a
control group (n = 33) or a treated group (ﬁ = 33) which received two

25 mg injéctions of PGF o 11 days apart and were bred at 80 hours

2
after estrus. Pregnancy rates for the control and Prostaglandin F2a
groups were 48 and 53 percent respeétively. First service conception
rates were 42 and 52 percent for Fontrol ana PGFZa heifers.

On the basis of these experiments, it was concluded that the two

injection system may have practical applicétion for synchronization

of estrus in the bovine, particularly under range conditioms.

Double Injection-—-Split Inseminatidn

A variation of the two injection method is to breed cows two
times, following the first and second injection. In this system all

animals are injected with PGFZa and then inseminated for four days
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according to detection of estrus. Eleven days after the first
injection, those animals which were not inseminated are reinjeéted

with PGF and then bred when estrus is detected or at a predetermined

20,
time. Although this sysfem reqﬁires that some animals be haﬁdled three
times (twice for-injection and once fo? bfeeding), fewer cows hayé.to
be injectéd a second time and the system facilitates timed insemihapion
following the second injection, theréby allowing the producer to omit
detection of estrus after the second injection;

. Burfening_gglg¥. (1976) performed aﬁ_exferﬁment with 143 lactating
Hereford cows in which he only reinjected those animals not bred after
the fifét injection.. Forty—six'cows served as a control'group-aﬁd 97
cows were treated Wifh 33.5 mg PGF20L and bred at estrus (Tl). Treatéd
cows not ekhibiting estrus {n = 49) were reinjected with PGF2a~on day
11 and bred at 84 hogrs post'PGqu (T2). Theré was no siénifiéant
difference in first service conéeption rates fof cont;ols (72 percent),
Tl (67‘percent) and T2 (67 pgrcent). Total pregnancy rates were 87,

90 and 85 perceﬁt.

Burfening et al., (1978) did a similar experiment with 193
lactating Hereford cows.and 59 Hereford heifers thch were managéd in
the same manner as before. TFirst service conception rates and con-
ception rates at the end of the AT season were 61 and 88; 53 and 86;
and 28 and 69 percent for the controi, Tl and T2 groups. Burfening

concluded that PGF, applied to cycling cattle will synchronize estrus

20
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with pregnancy rates at the synchronized estrus being comparable to
non-synchronized controls.
Doornbos and Anderson (1979) conducted a trial using 76 yearling
heifers to evaluate differences in pregnancy rates between an un-
treated control group (n = 37) and a treated group (n = 39). Treated

heifers were injected intramuscularly with PGF 8 o8 the first day of

2

the AI season (A) and were.bred 12 hours after estrus. All heifers

not yet bred on day eight were treated again with PGqu (B) and again

‘bred at detected estrus. Percent pregnant to first service and after

45 &ays AT for‘coﬁtrél, A and B heifers were 73 and 92;.78 and 93;
and 75 and 83,_respectiﬁely. Both treatments resulted in pregnancy
rates comparable to contemporéries in control groups.

Studies using the split insemination system iﬁdiéatelthat it is
an effective method of synchronizing estrus in beef cows and results

in pregnancy rates that are comparable to cows bred in the conventional

AI manner.

Pregnancy Rates for Breeding Systems

Three methods of breeding éynchronized cows are commonly used.
Cows may‘be bred by detection of estrus; by appointment at a specific

interval after PGF, ; or by detection of estrus until a predetermined

20

time and then bred by appointment.

Pregnancy rates of cattle inseminated at estrus following PGFZa
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and of cattle inseminated at timed intervals after PGFZa has been
shown to be similar (Han et al., 1977; Burfening et al., 1976). Many °
experiments have been done varying appointment breeding iﬁtervals from
- as low as 60 or 63 hours (Ellicott et al., 1975; Rodriguez gg_gi;,
1974) to 75 or 80 (Manns et al., l9f6; Manns et al., 1977) and as

high as 90 to 96 hours (Lauderdale.et al., 1974; Burfening et al.,

| 1978).

One of the early studies using PGF o for estrus synchronization

2
was done by Lauderdale et al. (1973). Non-treated controls were
inseminated 12 hours after the onset of estrus. Treated cattle

were injected intramusculariy with 30 mg'PGan and either .inseminated

at estrus detected during the seven days after PGF, or inseminated

20

‘at 72 and 90 hours after PGan. Percent cows pregnant was 58, 57 and
58 respec£ive1y for controls, treated cows bred by deteétioﬁ and
treated cows bred by appoiﬁtment at 72 and 90 hours. Hafs et al.
(1974) did a similar study using fhe'same treatment groups. Percent
pregnant cows was 58, 57 and 58 respectively for controls, treated
cows bred by dgtection and treated cows bred by appointment at 72

and 90 hours.. These two studies demonstrate that the pregnancy
rates of cattle inseminated during the estrus after treatment with
PGF, and those of cattle inseminated-by appointment -at 72 and 90

20

hours after injection was equivalent to that of the controls.
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Turman et al. (1975) tested different appointmerit breeding inter-
vals, 64 and 88 hours afte? estrus using 3§ mature, cycling, non-
lactating Hereford cows. Treated cows were'injected With 30 mg PGFZa ‘
and either: inseminated 12 hours after estrusvwas detected or bred aﬁ
64 and 88 ﬁqurs following estrus. Conception rates- for cdntrol,
treated cows bred by detectioﬁ and treaﬁed cows bred b§ appointﬁent
at 64 and 88 hours were 84.6, 76.9 and 92.3 percent, respectively.
Differences between cows bred by detection and cows bred by appoint-
ment were not significant.

In recent years, breeding by appointment 80 hours éfter injec£ion
has become the most popular method (Greén et al., 1977; Manns et al.,
1977; Burfgning et al., 1978). Moody and Lauderdale (1977) used
1442 lactating cows, 270 ﬁon—lactating cows qnd 935 beef heifers to
compare ?reeding by Aetection to breeding at 80 hours after PGFZa
treatment. All animals were given two injections of PGan eleven days
apart. Pregnancy rates were 53, 49 and 53 percent for control, cows
bred by appointmenf ané cows bred_by detection. Pregnancy rates were
similar following AI at either 80 hgurs or at estrus on'days-two
through five after the second injeqtion when compared to AI in
non-treated cattle.

Han and Moody (1979), also demonstrated that breeding by appoinf—
ment at 80 hours Wéé nbt‘significantly different thaﬁ breeding by

detection of estrus when using mature, lactating beef cows. Group 1
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served as a control group. Group 2 was given a 25 ﬁg PGan injection
on Aay zero of the breeding season and bred at observed estrﬁs. - Group -
3 was bred at observed estrus until day five when they were injected

with 25 mg PGF Treated cows wetre then detected for estrus until

20"
80 hours at which time all remaining ﬁnbfgd cows were inseminated.
First service pregnancy rates, AT pregnancy r;tes and total pregnancf
rates were 58.8, 22.3 and 88.3; 69.1, 42.1 and 90.5; and 51.1,‘53;4
and 94.3 percent for groups 1, 2 and 3, respectivély(

Results of these experiments indicate that similar pregnancy

rates are achieved regardless of the breeding system used.




Chapter 3

MATERTALS AND METHODS

Identifying Systems

In identifying herd estrous synchronization systems, a number of
options were considered. The first option was whether or not to pal-
pate ovaries to estimate the number of cypling cows and identify those
cows with a corpus luteum that wogld respond to PGFZQ._'The second

option was to use either one or two injections of PGF The third

20°
option was to select a breeding method: breeding by detection of
estrus, breeding by appointment or breeding by a combinatiop of
detection and appointment. After considering all possible combina-
tions of palpation options, injection schgmes and breeding methods,
seven systems were selected for evaluation in the .simulation model
(Table 1).

System la was a single injection system. Under this system all
cows were injected and then bréd by detectioﬁ or by a combinationh of
detection and appointment;

System 1b was similér to system la except for the addition of
ovarf palpation. Cows were palpated on the day of injection and only
those cows identified as having 5 CL were injected and bred by
detection or a combination of detection énd appointment.

In system lc, cows were bred by detection for five days prior

. to injection. On the fifth day all cows not previously bred were
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Table 1
Synchronization Systems

la Single Injection

Inject Breed by detection until day 5

all or .
cows .Breed by detection and appointment at 80 hrs
_,L II 3 /[

0 (Days) >

1b Palpate; Single Injection

Palpate Breed by detection until day 5
and ‘ or

inject Breed by detection and appointment at 80 hLrs
£ ’/ 3 +
0 (Days) >

lc Five-day Prebreeding

Detect Inject ' Breed by detection until day 10

heat remaining or ‘
and AI cows Breed by detection and appointment at & .
hrs :
Ilé I[ %8 7,
. 1
(Days)  ° °

1d Five-day Prebreeding; Palpate

Detect Palpate and Breed by detection until day 10
" Heat inject re— ‘ or o
and AL maining cows Breed by detection and appointment at &
hrs N
L / 1 I.
0 5 s 110

(Days)
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Table 1 Continued

2a Double Injection

detection until day 16

Inject Inject Breed by
all all - Breed by appointment at 80 hrs
cows : cows or:
B ‘ X S
. ﬁggg by detection and appoint
3 T ESVERRST:
(Days) '
2b Palpate; Double Injection
Palpate Inject Breed by detection until day 16
and cows Breed by appointment at 80 hrs
inject second or
time Bﬁgﬁ% by detect%on and appoint-
5 o e 716
" (Days)
2c Double injection——Split Insemination
Inject Breed at Inject Breed by detection until day 16
all standing estrus remaining Breed by appointment at 80 hrs
cows for five days cows or
- B&ggg by detection and appoint-—
) / . : ; / )
) S 711 14 '16

- (Days). -
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ihjected'with PFGZa.and were then bred-by detection or a combination
of the two.

System %d was similar. to system lc ekcept that following the five
days of breeding, cows not detected in estrus were palpated and only
those cows with a functional CL were injected and bred Ey detection
or a combination of. detection and appointment;

In system 2; all cows ﬁere given two injections, eleven déys
apart, and then bred after the second injection either by‘detection,
appointment of_a combination of thé two.

System 2b differed from system 2a in that cows weré palpated brior
to the first injection and only those cows with a palpable CL were
conside;ed for both injections. Cows were bred by detection, appoint-
ment or a combination of detection and ébpbintment.

System 2c¢ involved two injections with breeding aftéer each
injection. All cows were given.the first injection and those cows
detected in estrus were bred. <Cows not detected in estrus after the

first injection were given a second injection and bred either by

detection, éppointment or a combination of the two.

Estimating Reproductive Performance

Proportion of cows cycling during the breeding season depends
mainly on days since calving and nutrition before and after calving,

but is also affected by suckling and lactation; disease and dystocia.
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To simulate these factors, percent cows cycling was allowed to vary
from zero to 100 percent by‘inérements of ten percent. Percent cows
cycling was assigned to each 100 cow herd on day one 6f each system .
and was.aSSumed £o remain constant for the duration of the breeding
‘season.

If the palpation option was used, cows were palpated -on the day
of injection. Only those cows with a CL, as determined by rectal

palpation, were injected with PGF It was assumed that a trained

2a°
tecﬁnician was capable of palpating the CL betWegn days five and 21
of the estrous cycle. .While it was recognized that the CL is regres-
sing between days 17-21, it was assumed that the techniciéﬁ could
still identify the structure. fhe palpater would therefore identify
three-fourths of the cycling cows.

If cows were palpated prior to injection, the number éf cows
injected was calculated b§ multiplying the number of cyclying cows by
the number of cows in days five through 21 (75 percent) of the cycle
(i.e. 60 percent cyciing cows X .75 CL = 45 cows to be injected).

If cows were not palpated, it was assumed that all coﬁs Woula be
injected.

It was assumed that PGan would regress the CL in 100 percént
of the cycling cows with a viable CL. Cows between days 17 and 21

of their estrous cycle would not respond to PGFZa because their CL

would be regressing. However, these cows would come into heat in the
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next five days since their estrous cycle would be almost completed.
Three AI breeding methods were considered. One method was to

breed cows for five days after injection with PGF as they were

20,
detected in estrus. A second method was to breed all cows by appoint-
ment 80 hours after treatment with PGFZ@' The thi?d method was to
inseminate cows as they were detected.in estrus until 80 houfs after
injection and then breed all remainiﬁg cows at that time. Breeding
by appointment was used only with the double inject systems (2a, 2b,
2¢) because these were the only systems that effectively synchronized
cows in days 5 to 21.of1the estrous cycle resulting in an appropriafé
grouping of estrus for aﬁpointment breeding. Breeding by appointment
was not used with the single injection systems (la, lb,‘lc, 1d)
becéuse these systems do not effectively synchronize cows in days 17
to 21 of the estrous cycle. Althoﬁgh cows in this stage of the cycle
would come into heat within the next five days, the& do not respond tp
PGan and therefore are not suitable for appointment breeding since
not all of them will be in estrus within twelve hours of appointment
breeding.

The conception rate achieved for a specific breeding is primarily
dependent on the days since calvihg, but is also affected by semen
fertility and technician proficiency. Conception rates for a.given

service were varied from 10 to 80 percent by increments of 10 percent

to simulate several different conditions. It was assumed that the
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same first service pregnancy rate was achieved regardless of whether

the cows had been treated with PGFZacn:not the number of injections

the cows received or the breeding method used.

Pregnancy rates for each of the seven systems were calculated as .

follows:

System la:

" System 1b:

System lc:

(Percent cycling X .75) X Pregnancy Rate
The number of pregnant cows was calculated by multi-
plying three-fourths of the proportion cycling

(those showing heat in the synchronized period) by

the pregnancy rate.

(Percent cycling X .75) X Pregnancy Rate
The number of pregnant cows was calculated in the

Same manner as system la.

21
.75 X P.R.

E%ercent cycling X 5 X P.R. + (Percent cycling X

The number of pregnant cows in the five days prior
to injection was calculated by dividing the percent
cycling by 21 to get the prgportion of cows sho%ing
heat each day~and then myltiplying by five. The

number of cows showing heat in the five days before
injection is then multiplied by the pregnancy rate.

The number of pregnant cows in the synchronized




System 1d:

System 2a:

System 2b:

System 2c:
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‘breeding period (after the injection) was calculated

in the same manner as in system la.. The total number
of pregnant cows for this system was calculated by
addiﬁg the sum of pregnant cows from the five days
of breeding prior to injection to the bfeeding pefiod

following injection.

Percent cyclingrx
21

Number bred) X P.R.

%} X P.R. + (percent cycling -

The nunber of pregnant cows was calculated in the
same manner as system lc.

Percent cyéling X Pregnancy Rate

The number of pregnant cows was calculated by
multiplying the percent c¢ycling by the. pregnancy
rate since all the cycling cows are synchronized by
this system.

(Percent cyecling X .75) X Pfegnancy Rate

The numbef of pregnant cows was calculated by .
multiplying three-fourths of the proportion cycling
(those identified by palpation as baving a CL) by
the pregnancy rate.

(Percent cycling X .75) X P.R. + (100 - Number bred)

X P.R.

The number of pregnant cows was calculated by adding
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the ﬁumber of cows that conceived following the
first injection to the'number that conceived
following the second injection. The nuﬁber pregnant
following the first injection is calcuiated By
multiplying three~fourths of the‘proportion cycling
by the pregnancy rate. The numbef of cows that
conceived at the second injection was calculated by
subtracting the number of cows bred at the first
injection from tbe number of cows cycling and

multiplying by the>pregnancy rate.

Estimating Costs

Costs used in this program were based on published data and

conditions believed to be representative of this area at this time.

Costs were not meant to be absolute, but rather were intended to

provide a means of ranking the élternatives.' The following costs were

used in evaluating alternatives:

Palpation: $1.00 per cow.
A local survey of veterinarians showed this to be a reason-
able cost. If the palpation option was chosen; then it was
assumed that all cows in the herd wefe palpated and the cést
of palpation was the number.of cows times $1.00. The only

i

exception, system lc, was where the number of cows
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inseminated in the five days before injection was subtracted
(i.e. [number of cows = number.of cows bred] X $1.00). .
Injeétion: $4.50 per injection |
This was the recommended retail price for Lutalyse (PGFZa) as
advertised by the Upjohn Company. All cows were injected
unless the palpation option was used. In this case, the
cost of injection was: (Percent cows éycling X .75 which
is the percent cows with a palpable CL) X $4.50.
Bree&ing: §7.50 per service which inclﬁded $7.00 for semen and
§.50 for equipment.
An average semen cost of. $7.00 per service was taken from
breeding semen catalogues. Approximate prices of breeding
supplies, including insemination pipettes, nitrogen tank aﬁd
gloves, were taken from the catalogue of a supplier of arti-
ficial insemination equipment. If cows were bred by .
detection, the cost .of breeding was the number of cows
cycling times .75 (the proportion oﬁ cows in days five through
21 of the cycle) times the breeding cost of $7.50. If éows
were bred by appointment or a coﬁbination of detection and
appointment, the cost of breeding was the number of cows

injected times the breeding cost of $7.50,
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Fvaluating Alternatives

A simulation model was developed to assist in evaluating the
system alternatives tAppendix 1). Systems Wefe analyzed on the basis
of predicted reproduétive performance and estimated costs associated
with each alternétive. Qutcome for 1232 alternatives was estimated
(Appendix 2). In the double injection systems where cows were bfed
by a combination of &etection and appointment, the outcome was identi-
cal under our assumptioﬁs and the results were printed (Apﬁendix 2) for
Vonly two breeding alternatives. A separate cost, pregnancy rate andA
cost per pregnant cow was calculated for each of the 11 cycling
percentages, eight conception rates and two breeding methods under
each of the seven systems.

Criteria used to evaluate alterﬁatives were total cost, total
number of pregnant cows and cost per pregnant cow. The total cost of
each alternativé was estimated by adding the costs of palpation,
injections and breedipg. The total number of pregnant cows for each’
alternative was estimated by adding the number of cows which conceived
‘at each breeding period.  Cost per pregnant cow was estimated by
dividing total cost by total number‘of pregnant cows.

An example will clarify the use of the fesults'listed-in
Appendix 2. Suppose that 90 percent of 100 cows are cycling and the
double injection system of synchronization (éystem 2a) is chosen.

All cows would be injected at a cost of $4.50 per cow ($450.00).
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Eleven days léter the cows are injected a second time with PGFZa and
the cost of iﬁjection is again $450.00. A decision is made to breed
by detection for fivé days after PGFZa treatment. The cost for
breeding 90 cows is $67é.00 at.$7.50‘per cow bred. The total cﬁst of
$1575.06 for this system is calculated by adding the cost of the first
'injeétion ($450.00), second injection ($450.00), and breeding ($675.00).
If an 80 éercent conception rate is assumed, the conception rate of
80 ﬁercent is multiplied by the 90 cows bred for a total of 72 preg-
nant cows. The cost per pregnant cow of $21.88 is calculated by
dividiqg the total cost of $1575.00 by the total number of pregnant
cows, 72.

| If the palpation option had been used (System 2b), the technician
would have indicated that 67 of the cows were cy;ling (based on the
assumption that the technician can identify 75 percent of the 90
cycling coﬁs). The. cost of palpation is $100.00 at a price of $1.00
per cow for 100 cows. All 67 cows, those identified as having a CL,
are injected at a cost of $303.75 based on a charge of $4.50 per cow
injected. " Eleven days later the cows are given a second injection
and the cost is again $303.75. A decision is made to breed by
appointment at 80 hours after PéFé& treatment. The cost for breeding
67 cows is $506.25 at $7.50 per cow bred. The total cost of_$1213.75

for this system is calculated by adding the cost of palpation ($100.00),

first injection ($303,75), second injection ($303.75) and breeding
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(8506.25), If an 80 percent conception rate is assumed, the
conception rate of 80 percent is mutliplied by thé 68 cows for a total
of 54 pregnaﬁt cows. The cost per pregnant cow is $22.48 and is

calculated by dividing the total cost of $1213.25 by the total number

of pregnant cows, 54.
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RESULTS AND DISCUSSION

Outcome for the 1232 alternatives is presented in Appendix 2.
Evaluation of each synchronization alternative focused on three areas:

total cost, total AI pregnancy rate and cost per pregnaht cCOoW.

Cost Per Pregnant Cow

Cost per pregnant cow estimates wére used to determine optimal
breeding policy for each cycling and conception (Table 2). Table
'3 lists the ranking of alternatives based on cost per pregnant cow
when bred by detection ;nd Table 4 lists the ranking of alternatives
for cows bred by appointment or a comBination of.detection and appoint-
ment. Valués for cost per pregnant cow were plotted for each alter-
native in Figure 2 (cows bred by detection) and 3 (cows bred by appoint-
ﬁent or a combinatioﬁ of detection and appointment). For all systems,
cést per pregnancy varied greatly as percent of cycling cows varied.
As percent cycling decreased ;otal N pregnancy rate decreased and
cost per syétem increased and consequently cost per pregnaﬁt cow
- increased. Differences among alternatives narrowed as percent cycling
increased. For example, for cows bred by detection, the spread
between least and greatest cost per pregnant cow was $91.48 when

10 percert of the cows were cycling but only $8.70 when all cows were

cycling (Figu;e 2), ‘For cows bred by appointment or a combination of




Ranking of Synchronization Alternatives
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Table 2

Based on Cost Per Pregnant Cow when Bred by Detection,
Appointment or a Combination of the Two-

Percent Cycling

‘60 © 50 40

Rankings* 100 90 - 80 70 30 20 10
1 (led le-D le-D f1a-p J1a-p fia-p fra-o %?d—n‘ 1¢-p (1a-p
2 {lc~A 1-d (16D {1d-a la-a {1a-a |1a-a {1a-A 1d-A (1d-A
3 1a-D {1d-a {1d-A 1c=D 1c=d 1c-p (16-d {ib-p {ib-p {16-D
4 {ld-A tc-A J1b-D Jib-D J16-D f1b-D ‘lb—A {;b-A 1b-A {1b-A
5 26D (1b-D {1b-A \b-A {1b-A {1b-A 1lc-D (2b-p Y2b-D {2b-D
6 {Zc—A lb-A lc-A lc-A 1la-D {2b-D {2b-D g;b-A (2b-A (2b-A
7 1b-D 2¢-D la=D la-D {2b-D |2b-A |2b-A 1c-D le=D la-D
8 Ib-A 1a-D 2c-D 2¢-D (2b-A la-D la-D la-D la-D 2a-D
9 la-D 2¢c~A- 2c-A {2b-D le~-A lc-A le-A 2¢-D 2¢-D 1lc-D
10 la-A 2a—b 2b=D {2b=-A 2c~D" 2¢~-D 2¢-D 2a-D 2a-D lc-A
11 2a-D la-A {2b-A 2c-A 2a-D 2a-D 2a-B. lc—A lc-A~ 2¢-D
12 2a~A {2b-D 2a-D 2a-D 2c-A 2¢-A 2¢c-A 2c-A Zc—A 2c-A
13 2b~D {2b~A la-A la-A la—-A la-A la—A la~A la-A 1la-A
14 2b-A -2a-A 2a-A 2a-A 2a-A 2a-A 2a=A 2a-A  2a-A 2a-A

* Raﬁking is from the least to the most expensive system

2 : a system involving breeding by detection .

{

detection and appointment
indicates that the costs of the two systems were the same

a system involving breeding by appointment or a combination
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Table 3

Ranking .pf Synchronization Alternatives

Based on Cost Per Pregnant Cow when Bred'by Detection

Percent Cycling

Renkings* 100 90 80 70 60 50 40 30 20 10
1 1lc le 14 14 14 1d Id 1d 1d 14
2 1d ld le le¢ le 1 1 1 1b 1b .
3 2 b 1 1 b le le le le 2b
4 1b 2¢ la la la 2 2 2 2b lc
5 la  la 2c 2c-  2b 2b la la la la
6 . 2a 2a .2b 2b 2¢ 2c 2¢ 2¢c 2c 2c
2a 2a

7 2b 2b ‘2a 2a 2a 2a 2a 2a

* Ranking is from the least to the most expensilve system
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Table 4

Ranking of Synchronization Alternatives Based

on Cost Per Pregnant Cow when Bred by Appointment or’
a Combination of Detection and Appointment

Percent Cycling

20

Rankipgs* 100 90 80 70 60 50 40 - 30. 10
1 lc 4 14 14 14 1 1d 14 14 14
2 14 le 1 1 1 1 1 1 1 Ib
3 2¢ b le le 2 i 2b 2 2b- 2b° 2b
4 1b 2¢ 2¢ 2 . le. le le le le - le
5 1la . la 2b. éc 2¢ . 2c 2c 2¢c 2¢c 2c
6 2a 2b la - 1la la .la la la la' la
7 2b za 23. 2a 2a: 2a 2a 2a 2a 2a"

#Ranking is from the least to most expensive system
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Figure 2

Cost Per Pregnant Cow Values for Synchronization Alternatives
when Bred by Detection Assuming an 80 percent Conception Rate
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Figure 3

Cost Per Pregnant Cow Values for Synchronization Alternatives
when Bred by Appointment or a Combination of Detection and
Appointment Assuming an 80 percent Conception Rate
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detection and appointment, the difference between the lowest and highest
cost per pregnant cow was $173.75 when 10 percent of the cows were
cycling but only $8.70 when 100 percent of the cows weré cycling
(Figure 3). Regardless of the éystem used, the greatest pofential for
minimizing cost per pregnant cow was to ha&e a high percentage of cows
cyeling.

For a given percent cycling, number qf injections, palpation and
method of breeding affected cost per pregnancy. For all cycling rates,
the five-day prebreeding systems (lc and 1d) had the lowest cost- per
pregnancy of all systems; When 80 percent or less of the cows were
cycling, the palpatiop option (1d) was preferred- In general, one
injection systems (la and 1b) resulted in a lower cost per pregnancy
than the two injection systems (2a, 2b and.Zc) due priﬁarily to
&iffereﬁces in total drug cost.

In the majority of cases, palpation was desirable in order to
avoid injectidg and breeding cows that were not cycling.' Within the
five-day prebreeding systems (lc and 1d) tBe palpation option (1d)
resulted in a lower cost per pregnancy when 80 percent or less of the
cows were cycling (Figure 4)., Within ﬁhe second ranked single
injection syétems (la and lE) palpation was advisable regardless of
the proportion of cows cycling (Figure 5). .Among the third ranked
double injection systems (2a, 2b, and 2¢) palpation resulted in a

lower cost per pregnancy when less than 90 percent of the cows were
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Figure 4

Palpation Versus No Palpation Alternatives for
Five~day Prebreeding Systems based on Cost Per
Pregnant Cow Assuming an 80 Percent Conception Rate
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Figure 5

Palpation Versus No Palpation Alternatives for
Single Injection Systems Based on Cost Per
Pregnant Cow Assuming an 80 Percent Conception Rate
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cycling (Figure 6).

If cows were palpated before the breeding seasbn, then the method
of breeding-(i.e. detection, appointment o6r a combination of the gwo)
did not affect the cost of the system, pregﬁancy’rate of the cows or
cost per pregnant cow. However, if cows were not'palpatg& prior to
the start of breeding, then the systems in which cows were bfed by
detection were less expensive than systems in which cows were bred by
appointment or a combination of detection and appointment. Onl& if
all cows were cycling (100 percent) wés the appointment ané éombination.
of detection and appointﬁent breeding method as inexpensive as breeding
by detection (Table 2). Due to the assumption of equal conception
rates for all breeding methods, comception rate did not alter the
ranking of alternatives (Table 5). Given a percent cycling, ﬁhe total
pregnancy rate varied directly with the conception rate. For example,
if 70 percent of the cows wére cycling and the conception rate was
60 percent, the total number of pregnant cows was 42. TIf 70 peréent
of the cows were cycling and the conception rate used was 50 percent,
the total number of pregnant animals was 35. Thus the total pumber
of pregnant animals differed only by the cycling rate and differences
in conception rate (i.e. (60 - 50 percent conception rate X 70 percent

cycling = 7).
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Figure 6
Palpation Versus No Palpation Alternatives for

Double Injection Systems based on Cost Per
Pregnant Cow Assuming an 80 Percent Conception Rate
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Taghle 5

Effect of Conception Réteuon-Total_Pregnancy Rate

Conception Rate

System 80 70 60 50 40 30 20
la 54 47 40 34 27 20 13
1b 56 47 40 34 27 20 13
le 72 63 54 45 36 27 18
4 2. 63 - s 45 36 27 18
2a 72 63 54 45 36 27 18
2b 56 47 40 3% 27 20 13
2¢ 72 63 54~ 45 36 27 18

Total pregnancy rates are for cows bred by detection assuming a 90
percent cycling rate.
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Number of Pregnant Cows

Some producers may want to maximize total AT pregnancy rate,
ignoring the costs involved. Table 6 shows the ranking of alternatives
and their associated pregnancy rates at 10 different cycling rates
(10 to 100 percent).

Total pregnancy rates for the various systems varied directly as
percent cycling varied. Within a given cycling rate, systems lg, 1d,
2a and 2c¢ all resulted in an equal number of pregnant cows as these
systems include all cycling cows in the breeding program; On the
other hand, systems la, 1b and 2b include only 75 percent of the
cycling cows in the breeding program and therefore resulted in a
similar number of pregnant cows. Thus differences in total pregnancy
rate between the two groups varied by approximately 25 percent of the
cycling rate.

Palpation did not influeuce total pregnancy rate achieved fof-a
particular system.except within the double injection systems (2a and
2b). If a double injection system was utilized withoat palpatioﬁ,
all cycling éoWs were synchronized and bréd (2a). However, if cows
were palpated prior to the first injegtion (2b), only three-fourths
of the cycling cows were injected. In all other systems the pregnancy
rate achieved for a system was the same regardless of whethér or not

cows were palpated prior to injection.
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Table 6

Ranking of Synchronization Alternatives
Based on Total Number of Pregnant Cows

Percenf Cyeling

System 100 90 80 70 60 50 40 30 20 10
lc 80 72 6 56 48 4 32 24 16 8
1d 80 72 64 56 48 ko 3 éq 16 8
2a, 80 72 64 56 48 kO 32 24 16 8
2¢ 80 72- 64 % 48 4O 32 24 16 8
1a 60 54 48 42 36 30 24 18 12 6
o 60 s 48 A2 36 30 24 18 12 6
2b 60 54 48 42 36 30 24 .18 12 6

«

* Pregnancy rates listed were estimated on the basis of an 80 percent
conception rate,.
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Method of breeding within a given system did ndt alter total
pregnancy rate. It is important to note, however, thét equal coﬁ—'
ception rates were contingent ubon appropriate breeding methods‘being
used. For example, appointment breeding was gonside?ed only in two
injéction éystems where all cycling cows were effectively synchronized.
If cows had been bred only by appointment under a single injection

system, the pregnancy rate would be expected to be lower.

Total Cost

If a producer wanted to minimize total cost of a breeding system,
regardless of the pregnancy rate achieved, the ranking of alternatives
would again change. Table 6 lists the ranking of alternatives from
qhe least to most expensive system.

The percent cows cyeling did not‘affegt the total cost of a
system unless cows we?e palpated prior to injection. 1In a system
involving palpation, noncycling cows were not injected or bred.
Therefore the drug and breeding costs were less than for a system not
involving palpétion where all cows were injected and bred.

For the majority of cycling rates single injection systems were
ranked above five-day prebreeding systems and double injection systeﬁs.
Single ‘injection éystems were least expensive because only one injec-

tion of PGF, was administered and fewer cows were bred. The five-day

20

prebreeding systems ranked next because although only one injection
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Table 7

Ranking.of Synchronization Alternatives
Based on .the .Total Cost of .the System

Percent Cycling

20 10

Rankings* 100 90 80 70 60 50 40 30
1 (1d-P (1D (1b-d (1b-D (1b-D (16-D (16-D [1d-D (1d-D (16-D
2 . Eld-A 1b-A \Ib-A (1b-A (1b-A {1b-A {1b—A {1&-1; 1d-A (1b-A
3 le-D 1la-D 1la-D- fla-D (id-D (1d-D (id-p -(1d-p (2B-D (1d-D
4 lc-A {1d-D 1lc-D 1d-D (ld-A {1d-A gld—A {lb—A 2b-A [1d-A
5 26D |1d-A (1d-D {1d-A 1a-D (2b-D (2b-D (2b-D (1b-D (Zb-D
6 2c-A . lc-A . [1d-A lc-D lc-D (2b-A {Zb—A {Z‘b-A Ib-A (1d-A
7 1b-D 1lc-A lc-A (2b-D {2b-D .1a—D la=D la-D la-D 1a-D
8 glb—A la-A la-A [2b-A (2b-A lc=D lc-D le-D lc-D le-D
9 la-D  (2b-D (2b-D lc-A lc-A 2c-D .lc—A 2c~D  2c-D 2c-b
.10 la-A [2b-A [2b-A la-A 1la-A 1c-A 1la-A 2a-D 2a-D 2a-D
11 9a-D  2e¢=D 2¢-D 2c-D 2c-D la=A 2c-D lc-A lc—A. lc-A
12 gZa—A 2c~-A 2c-A 2¢c~A 2¢-A 2a-D 2a~D la-A la-A 1la-A
13 2b-D 2a-D 2a~D 2a-D 2c¢-A 2c~-A ‘ZC—A 2¢c—=A 2c-A 2c¢c-A
14 {Za—A 2a-A la-A 2a-A 2a-A 2a-A 2a-A 2a-A 2a-A 2a-A

*Rankings are from the least to most expensive system

i

11

= a system involving
a system involving

breeding by detection

detection and appointment
indicates that the costs of the systems were the same

breeding by appointment or a combination of
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was used, more cows inéurred a breeding cost. Double injection_systems
ranked third because of the higher cost of two injections.

For a given percent cycling, in almost all casesﬁpélpatidn options
ranked above no palpation qptions. One exqeption was in the iiﬁe—day
prebreeding systeﬁ when cows were cycling at a rafe of 80 percentlor
more. In this case enough of the cows were‘bred in the five days
before injection to make palpation unwarranted. |

The effect of bpeeding method on total system cost élso depended -
on the palpation option. In systéms where cows were palpated, method
df.breeding did not affect total cost of the sysfem. However, if cows
were not palpated prior to injection, bfeéding by detection was iess*
expensive.than breeding By appointment or a combination of detection
and appointment sincé Breeding expenses were only incurred for gycliﬁg
cows. This is especially evident for one injection systems'wheré only

75 percent of the cycling cows are synchronized.

General Considerations

Management systems are highly variable and no oné es;rous syp—.
chronization system is going to provide optimum results for all
préducers. Consequently,-in addition to cost factors already men-
tioned, producers should consider the number of times cat;lé must be
handled, léngth of the bréeding period and requiremeﬁts for labor and

facilities.




48

Single injection systems have the lowest total cost but also have

the lowest totgl numbér of pregnant cows for the synchronized breeding.
Cows are handled only twice,.injection'and breeding, and may Be bred
within a five-day period following injection. However, since only 75
‘percent of the cycling cows are synchronized with a single injection,
breeding by detectioﬁ or a combination of detection and appointment

is required for satisfactory results.

Five-day prebreeding systems have one of the highest number of

pregnant cows and the lowest cost per pregnancy for the total AI
period. However, allonger ATl breeding pefiod i; required (nine_versus
four days) and heat detection is required for at lgast five of those
days. Cows detected in estrus the first five days are handled only
once (breeding) whiie the remaining cows are handled twice (injeétion
énd breeding). Five~day prebreeding systems not only account for
those cows in days one to five of the estrous cycle but also provide
a means of estimating cycling rate in the herd prior to thé decision
to synéhronize. The five day breeding period may also allow techni-
cians and heat detectors to prepare for the more- intensive activities
of the synchronized breeding.

Double injection systems had one of the highest total pregnancy

rates for the synchronized breeding but also resulted in the highest
cost per pregnancy. Double injection systems effectively synchronize

all cycling cows and therefore facilitiate appointment breeding when a
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high proportion of CSWS are cycling. Althéugh labor requirements.for
' heat detection are eiiminated witﬁ‘appointment breeding, there is an
iqcreased requirement for chute help, trained AT techniciéns and good
facilities for the appointment breeding apd cattle must 5e handled_
three times (two injections and breeding). In the system in which
cows are bred after the first injécti&n (2¢) fewer cows must be
injected a second time and‘oné also hés the opportunity to abandon
the synchronized progrém if response to the'first‘injection is not
satisfactor?. .Howeve¥, breeding is extended four to. five days and
heat detection is required. If cows are to be bred by detection
under systeﬁ 2b (palpation option)} then it would n&t be practiéal‘
t6 give the.second injecfion because those cycling cowé identified
by pélpation could be bfed in the five day period following the first
injectino, similar fo sys£em 1b. Howeyer, if cows are to be bred by .
appoinpment, the second injection is necessary'tolgffectively-syn—
chronize those cows in‘days 17 to 21 of thevestrous cyclé; It should
élso be noted that, unlike other two injectioﬁ systems (2a and 2c),
system 2b does not synchronize all cyeling cows as only those cows in
days 6 to 21 of the cycle are selected by palﬁation for thg breeding
program.

In selecting a breediﬁg method several factors should be consider-
ed, incluaing pércent cows cycling, semen cost, availability and cost

of labor and existing cattle handling facilities. Breeding by
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detection is recommended when cycling rates are léss than 90 percent,
when costs of semén and supplies are high and when iabor is available
for heat detection. Breeding by'appoin£ment is recommended'only when
a high proportion of cows are cycling,'when éll cows are effectively
synchronized in a ﬁouble injection system and when labor and fagilities
are adequafe for breeding all synchronized‘éows within a few houré.
Appointment breeding would not be recomﬁended when fewer than 90
percent of the cows are cycling, when a éingle injection system is
used, when there is a shoftage of trained AT technicians and chute
.help or when breeding facilities are not adequate for handling all
synchronized cows at one time. When breeding by_appointment, it
should also be kept in mind that there can be éonsidefable &ariability
in the time between injection and subsequent estrus. Conséquently,
the time selected for appointment Ereeding may diffgr from the 80-hour

- interval used in this study. -

Cost Factors

The total costs that were estimated in this study were not
intended to indicate absélute costs of each synéhronization system
but rather to pfovide a means of rahking the alternatives. Prices
used in this study were those existing during tﬁe Spring and Summer
of 1980. If these prices change, it is likely that the ranking of

the alternatives will be different. 'The relative impact of a change’
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in the cost of a specific variable will depend on how large a portion

of the total cost it accounted for. For example, cost of PGF q Was a

2
major factor in the total cost of double injection systems so a chénge
in the price of PGan would have a greatef impact on double injection
systems than single injection systems.

Costs other than palpation, PGF o injections and breeding are

‘ 2
important and may affect optimal synchronization policy. For examplg;
in order to place a more precise value‘on'the outcome of the breeding
alternatives it.would be necessary to- estimate labor costs. Labor
costs were not included in the simulation model due to the difficulty
in assigniné specific dollar values. Considerable variation exists
among managemeht systems in the method of heat détection ahq breeding.
Tﬁe:most common heat detection method is to visually observe the cow
herd twice daily. The amount of labor required depends on pasture
éize, number of water éourées or if detection aids such as gomer bulls,
androgenized cows or KaMar heat mount devices are used. Labor
requirements Will alsé depend on which breeding method is used.
Requirements are more inFensive'for appointment breediﬁg but breeding
is short—-term. Conversely, breeding by detection spreads breeding
over- a longer period of time but labor requireménts per day aré less.
Finally, availaBility of labor will affeb; the cost assigned to it.
Some operations may use family members or their regular employees to

do heat detecting and breeding while other operations would have to
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hire extrg help. If the rancher or his family do all of the.Qork,
an opportunity cost must be assigped to their iabor but this may
differ substantially from the cost and avgilability of outside labor.
Because the differences in labor costs may have a large effect on the
ranking of alternatives, these costs should be considered when

selecting a breeding system.

‘Conclusions ‘ ' | ' -

Management_ﬁust insure a high fercentage of cows ére cycling
prior to the sta?t of the breeding season if any estrous synchroniza-
tion program is to Be successful. Thé higher the proportioh of cows
cycling, the highér the number of pregnant cows and the lower tﬁe
cost per pregnancy. ’

To minimize costs, ineligible cows should be ideptified before
the start oflthe breeding seagéh and removed from the synchropizétion
program. Accurate ovarian palpation is.one method to separate cycling
from noncycling.animals. Observing the cycling activity of the herd
. for five days before Breeding i;.another method of estimating the
percent cyecling cows. Approximately five percent of the cycling cows
should be observed in.heat every day. In cases where less than 80
percent of the cows are cycling, it is feasiblélto use both the
breeding period of five days before injection and balpétion. Even

though the pre-injection breeding period gives an -indication of the
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number of cycling cows, palpatioﬁ identifies which cows are cycling
and are candidates for synchronization. kegérdless of the method
used to-esfimate peréent cows cycling, a Aecisioq should be madé as
to the feasibility of a synchronization progfam based upon the number
of cows cycling. _‘

Results indicaté that Montana ranchers could minimize the cost
per pregnant cow by using the five-day prebreeding system with pal-
pation (1d) for the majority of cycling rates. In general, oné
injection systems ranked over two injection éystems on the basis of
cosf per pregnant cow and total cost of the system. Two injection
and five—-day prebreeding systems ranked over one injection s&stems in
terms of total number of pregnant cows for the synchronized breeding
period.

Based on the-costs included in this study, breeding by detection
was always preferred to breeding by appointment or a combination of
detection and appointment. The only exceptions were when 100 percent
of the cows were cycling prior to the breeding season or when cows

were palpated before injections of PGF, were administered. However,

20,
breeding by appointment may be preferred by producers who can't or
don't want to detect estrus.

Since Prostaglandin an can be used in a variety of management

situations, systems are very flexible and can be altered to meet

individual requirements. Determining the best system is ultimately
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up to the proaucgr. Each individuial must weight the advantages and
disadvantages of each s&stem as it applies to their particular
operation. 'Thg corréct management system for an individual operation
will depend bg the goals of the producer, AI pregnancy rate degired,
cost of prostaglandinlénd semen and the -available facilities.and

labor.
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Inject
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Brddet
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Computer Program Variables

Percent cycling cows
Vartes from 0 to 100 percent in increments of 10 percent

Conception Rate .
Varies from 10 to 80 percent in increments of 10 percent

Cost of palpafing cows :
Calculated by multiplying the number of cows palpated by
the cost of palpation which is $1.00 per cow.

Cost of injecting cows
Calculated.by multiplying the number of cows to be injected
by the cost of injection which is $4.50 per cow.

Cost of breeding cows AT for 5 days prior to injection under
systems Yc and 1d

Calculated by dividing the number of cycllng cows by 21 to
get the number of cows showing heat per -day and multi-
plying this figure by 5. The number of cows in estrus
in the 5 days of breeding prior to injection is then
multiplied By the breeding cost of $7.5Q0 per cow.

Cost of breeding by detection of estrus; can be used in any
of the synchronization systems '

Calculated by multiplying the number of cows expected to
show heat (for one injection systems this is the percent
cows cycling times .75 and for the two injection systems
this #s the percent cows cycling) by the breeding cost
of $7.50 per cow.

Cost of breeding by appointment or a combination of detec-
tion and appointment

Calculated by multiplying the number of cows responding
to PGF, treatment by the breeding cost of $7.50 per
cow., For one injection systems the number of cows
responding would be the percent cows cycling times .75.
For two injection systems, the number of cows responding
" could Be the number of cycling cows.




PR1

PR2

PR3

TotalC

TotalP

Percow
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Number of cows pregnant after breeding for 5 days prior to
injection under systems l1lc and 1d .
Calculated by dividing the number of cycling cows by 21
and then multiplying by 3. This represents the number
of cows- expected to show estrus and is mult1p11ed by the
conceptlon rate.

‘Number of cows pregnant after the first 1nJect10n of any

system .

Calculated by mult;plylng the number of cows cycling by
the number of cows iIn days 5 through 21 of their estrous
cycle (.75) and then multiplying by the conception rate.

Number of cows pregnant when breedlng after the second
injection under systems 2a, 2b and 2c¢

Calculated by multiplying the number of cows\injected by
the conception rate.

Total cost of the system

Calculated by adding the cost of palpation (Palpat) to the
cost of injection (Inject) and the cost of breeding
(Bd5day, Brddet or Brdapt)

Total number of pregnant cows
Calculated by adding PR1, PRZ and PR3.

Cost per pregnant cow :
Calculated by dividing the total cost of the system (TotalC)
by the total number of pregnant cows (TotalP).

2
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OUTPUT FROM SIMULATION PROGRAM
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