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ABSTRACT

Proteins in bull semen have been found that increase fertility)dimg the
fertility-associated antigen (FAA). The uses of FAA-positive dlldve been found in
previous studies to increase conception rates at least 16%adedréertility rates by
FAA-positive bulls increased the number of pregnant cows early in the breeding sea

Using historical data to compute an equation that can demonstnates and
producers in the Southwestern United States the benefits of usingsting for FAA-
positive bulls over time. The cost for addition of a cassette t@B8te testing will be
offset by an increase in conception rate, birthing rate, and increase caifigve@ights

This study focuses on the Southwestern United States, but eventioally
information may be used nationwide. Fertility-associated antggamew science that is

being studied to help the cattle industry increase production and profitability.
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CHAPTER 1

LITERATURE REVIEW

Introduction

Over the past three years the United States has been iteaoktaconomic
turmoil. The stock market decline over the past years combineddsgtruction of
Rangelands from natural disasters has hindered many industriésdingc cattle
production. The price of grain and feed has increased whereasitheoprbeef has
become a moving target. The question in place for producers is whetha&rproduction
can continue to bring in capital until this turmoil can be resolved.

The make-up of any ranch operation can be divided into sectionsitinat e
generate or lose revenue. The herd bull(s) is frequently overlooked as an mngpautae
of profit or loss. Sprott et al. (1997) states that typically a-toudlow ratio of 1:25 is
recommended, but can be wasteful. This is true whether a ludédfor clean-up after
artificial insemination (A.l.) or as the main breeding sowte herd. The higher the
fertility rates of a bull, then the fewer bulls are needed. Tdgirompregnating more
cows, a fertile bull can also exert a substantial effect aretge merit in the next
generation of the herd.

When considering herd bull replacements, bull fertility traits shbel a priority
consideration by both the buyers and the producers. Certain proteink serben have
been found to correspond to increased fertility, including the fgréibsociated antigen

(FAA). Bulls with FAA on their sperm are 16-18 percent moreileethan herdmates
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lacking FAA over a 60-day breeding season (McGinley et al., 2005nBallal., 1994,
1996, 1998). Also, Sprott et al. (2000) state that heifers inseminatedabadst with
sperm-associated FAA had a 16 percent higher pregnancy rate hdrdmates
inseminated to bulls without FAA on their sperm. Increased fgrtiites produced by
FAA-positive bulls increased the number of cows which conceived eathe breeding
season. This allows for the production of calves with higher weaneightg because
more calves are born early in the season. Increased weangigsnacrease the pounds
of calves sold and resulting sale price. A 16% increase in retuaiiable to producers
who incorporate FAA testing, is a large number to overlook in these economic times.
Ranch management cannot overlook a low cost noninvasive applicaticouldht
increase returns for the herd. This study has been started f&othlewestern United
States, but eventually may be used throughout the United StatesofUkertility-
associated antigen as a marker of fertility is a sciencey lstudied to help the cattle

industry increase production and profitability.

General Scenario

The majority of funds invested into research for cattle have lsédted to
improved genetic make-up and production output of these herds. McCaule{2604)
stated that with a profit margin of $100 per calf, a 1% increaskirth rate would
translate into an additional $38 million earned in 2004. Moreover, if eaxdh weaned
one additional calf, that would generate $80 million in added profit. Prozlneve

changed their prospective on buying bulls: from considering onigigdl parameters to
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focus on genetic testing. Producers have called for funding mdegtive programs to
include synchronization trials, nutrition trials, and A.l. pradite increase production
output, resulting in a smaller bull to cow ratio. Increase in tequincy of using A.l.

techniques and synchronization programs, and use of a good clean-amdulatural

breeders are needed in all herds (Hawkins et. al. 1988a).

In 2007, at the Prescott Livestock Auction, the question asked of ranghsrs
how they chose a bull at auction to introduce into their herd. The as$wald have
been an increased sperm count, growth traits of the bull, or even prpregusncy rate.
However, none of those variables were listed as important detersinaheir responses
(Personal communication, Prescott, 2007). In the Southwestern Undtes, Stanchers
are mostly concerned whether a bull can live on their land andsacosvs distributed
across pastures to mate. Most buyers look for bulls under two gfeage from breeders
that had previous progeny in the herd. Some ranchers were still thved#lusion that
physical traits that can be seen by the naked eye can determine the nodstatagely fit
bull including: how high a bull holds his head in the pen, whether the bedlids higher
from the ground than its shoulders, and sometimes even which wayrithes blowing

that day (Personal communication, Dr. Roy Ax, 2009).

Breeding Soundness Exam (BSE)
Producers searching for a cost efficient method to promote uteess of a
breeding program generally use breeding soundness examind&i®Bs){ which have

been found to be the most beneficial. Striegal et al. (2009) placesgthef this exam at
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approximately $1.50 per cow. The BSE is a prognostication of a hbilisy to get cows
pregnant and is typically performed on bulls that are used for hatmace. Kastelic et
al. (2008) and Hansen (2006) describe that the BSE consists ofithj@eexamination
categories: 1) overall physical exam; 2) pre-breeding seasam — 30 to 60 days prior
to start of breeding season; and 3) post-breeding season exaine—oilvher suspects
fertility problems. The importance of the bull in cattle-bregdiprograms is often
underestimated. A cow is responsible for half the genetic rakteronly one calf each
year, while the bull is responsible for half of the genetatemal in 20 to 50 calves. The
bull's ability to locate cows in estrus and breed them is gleatal to a successful

breeding program.

Semen Evaluation

Semen evaluation is a factor that has increased the worth of Bdimen is
collected in one of three ways: 1) rectal massage — manassage of the vesicular
glands, ampullae, and pelvic urethra; 2) artificial vagina (AVioHection device
consisting of a hard tubular casing with a rubber inner linexdfilvith warm water to
stimulate a bull's penis via temperature and pressure; and &pejaculation — a rectal
probe that contains ventral electrodes that stimulate the areaheepelvic-urethra by
sending short bursts of electricity over a continuous but incregsitigrn to stimulate
muscle contractions that initiate the erection process, protrusitimegienis from the

sheath, and eventual ejaculatiduttif://animal.ifas.ufl.edu/courses/ans3316Hafez et

al., 2000). Semen is then examined visually for motility, and morpholodgy.visual
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examination notes volume (generally ranging from 1 to 6ml)séimeen gross appearance
should be creamy white, which is indicative of high sperm concemisatand free from
contaminants including blood, urine, dirt, or pus. Motility observation inclgpless
motility and individual sperm motility. Morphology relates to anygbal abnormalities
of the sperm seen by the examiner, including primary abnormsalgigch as
underdeveloped, narrow heads, crater defect on head, abnormal head contmunak
midpiece, strongly folded or coiled tail, double forms, acrosome defpetr-shaped
heads, small and free abnormal heads, proximal droplet, and accésgsrand
secondary abnormalities such as small normal heads, free noradsl, ligstal droplet,
terminally coiled tail, detached, folded, loose acrosome membranesagdshort broad
heads, abaxial implantation, and simple bent tails

(http://animal.ifas.ufl.edu/courses/ans33)6LConcentration is estimated per ml, and

when multiplied by ejaculate volume, total sperm count is computed (Kagtali2€08;
Hafez et al., 2000; Wenkoff, M.S., 1987). Sprott et al. (2000) found that prggredas
to first service at spontaneous and synchronized estrus are Wighieiusing semen from
bulls with detectable FAA on spermatozoal membranes when commasgeim from
bulls devoid of FAA on membrane.

Quiality sperm, good health and vision and sound feet and legs are xrdy the
bull fertility picture. Sprott et al. (1997) suggested libido andrisg capacity were
important components of a successful breeding bull. High libido is corateitigh
fertility, but desire is only a precursor to successful matiniggdh and serving capacity

do not correlate well to BSE test results. Bulls may possessygsemen, but may be
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unacceptable breeders because of lack of desire or mating.abserving bulls during
the breeding season for their ability to mate is good manageméntests have been
developed to assess serving capacity in bulls before being exposeds. Hawkins et
al. (1988b) observed bulls during the breeding season for their abilitsteo his study
developed tests to assess libido and serving capacity in beef Tesksdeveloped for
Bos-indicusinfluenced breeds (Brahman-influenced bulls) are different from teBiofer
taurusinfluenced breed (British and Continental bulls). The first, a “p&est is
recommended foBos-indicusinfluenced bulls, where estrus females are penned with
bulls at a male-to-female ratio of 1:1.5 or 1:2. Bulls are obseime80 minutes with
mounts and completed services calculated. Bulls that achieve tworersarvices are
considered high-serving-capacity bulls. Bulls completing one or nacssrduring a 30-
minute period are considered low-serving-capacity bulls. The decoethod of
measuring serving capacity can be usedBos-taurusinfluenced bulls and involves
stanchioned females placed in breeding crates, whether in estmos éiemale-to-male
ratio is 1:1. Bulls achieving more than three services in a 2804minute period are
considered high serving capacity, while those achieving two ee tlare moderate. Bulls
achieving one or no services are classed as low. The degrerviofyscapacity of each
bull was proven to be important. Studies have shown that high-senpagHsabulls
increased pregnancy rates as well as earlier conceptioa watmparison to low-
serving-capacity bulls. This study found that this resulted in $53 gross income in
cows bred to high-serving-capacity bulls compared to low-sewcapgcity bulls

(Hawkins et al. 1988a; Sprott et al. 1997; Hansen 2006).
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Foote (2003) evaluated past, current and future prospects fotyfersitimation.
He noted that fertility trials in the past were only estedameans and variations that
establish probable differences in cattle. Estimates repreggmbximate numerical
calculations at best, and sometimes they only reflect subjeclues. There are certain
endpoints in the full cycle of reproduction that can be clearly ifilethtand studied.
Researchers are interested in the causes of successucg tHilreproduction at each
stage, the mechanism involved, and possible treatment of defesenidie livestock
producer is interested in ways to manage the animal and its envitbtoriead to a high
probability of reproductive success, essential for efficient pramucEertility estimates
can be based on a direct measure of fertility or on correlated variables.

Despite the limited role of the male in the many steps imegprductive process,
its potential impact on fertility and genetics is amplifieecause only a few selected
males provide sperm for the production of hundreds of thousands of progenytAtbug
When genetic selection for correlated traits is combined \eities selection, A.l. could
have a major favorable impact on fertility. The present procedaregenetic selection
are inefficient and costly, but they will improve. Each estamat fertility must be
precisely defined both as to the specific endpoint in the reprodugtile measured, and
the conditions under which the estimate was made. With advancesaoutaolbiology,
reproductive technology and genomics, it is almost certain thimbag®n of genetic
potential for high fertility will improve in reliability (Foote, 2003; Hill at., 1999).

In the past 20 years, research has improved the reproductive antbahanged

the fertility classification process of beef cattle. Figytiproblems have been broken
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down to include attributions as 40% to male factors, 40% to femalersaand 20% to
particular male/female combination (Hansen 2006). Bulls with eqnvakemen
evaluation often have dissimilar results in pregnancy percergaggemonstrated by
significant differences in fertility rates among bulls whgassed the BSE but differed in
sperm-FAA content (Bellin et al., 1998). It is a fact thatHhg®jaculated sperm cannot
fertilize an egg. The mechanism of capacitation is an impocantributor to the
observed variation in fertility between bulls evaluated as emuarms of physical

parameters.

Capacitation

In mammals, freshly ejaculated sperm are incapable oliZengi the egg. They
gain this ability during their transit through the female reprodectrace. After
ejaculation, bovine spermatozoa reside in the reproductive tract o&&d lour time
span, during which time they undergo a series of structuraluaational modifications
collectively known as capacitation. Capacitation is the fingp sh the maturation of
spermatozoa and is required to render them competent to fertilize an oocyteéef issas
biochemical event; the sperm move and look normal prior to capawcitd&ioth Min
Chueh Chang and C.A. Austin (1951) independently reported the discovery of this
process. Many biochemical changes are required for capacitdi@se include the
removal of adsorbed components from the sperm surface, a cimangembrane lipid
composition, increased permeability to certain ions such &s £ehange in internal pH,

and an increase in plasma membrane fluidity and in metabolisme Theslso an
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increased hyperactivity that is believed to result from tligstgbution of membrane
components during capacitation (Lane et al. 1999).

Capacitation involves the destablization of the sperm head membyatiee b
removal of sterols (cholesterol) and non-covalent bound epididymataemi
glycoproteins. A heterotrimeric integral membrane proteiri/iN#&TPase belongs to the
family of P-type ATPases; is composed of two polypeptides, alpb@kDa) and the
glycosylated beta (55kDa); and is active in may cell typesluding testis and
spermatozoa. The alpha polypeptide is the catalytic unit of themenzayontaining the
binding sites for cations, cardiac glycosides, and ATP. The alphmd 1eatis-specific
alpha 4 isoform of N@aK*ATPase (ATPlal and ATP1A4) have been isolated from the
testis and are localized in spermatozoa. The inhibition of the tgctfithe ATP1A4
isoform has shown to eliminate sperm motility. The beta polypegidesolved in the
maturation of the enzyme, localization to the plasma membranetamlization of the
K+-occluded intermediate form of the protein. Studies have shown thahafpeoa
intracellular C4&" is regulated by the Ga—ATPase pump which acts as & Cextrusion
pump. The result is a more fluid membrane with increase perritgabiCa" An influx
of C&* produces increased intracellular cAMP levels and thus, an secigamotility.
Hyperactivity is also a part of capacitation and is the restilthe increased Ga
concentrations. By secreting sterol-binding albumin, lipoproteins, pratzofnd
glucosidasic enzymes, the uterus aids in the steps of camercit&perm then have
acquired the capacity to fertilize (Baldi et. al. 1996; Lamie et al. 1997; Thundathil et

al. 2006; Fraser and McDermott, 1992).
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Seminal Proteins

Families of specific large molecular weight glycoconjugatded proteoglycans
are components of the extracellular matrix, which are involvedniluencing the
behavior of many cells. Proteoglycans contain a core protein \Witogaminoglycan
(GAG) side-chains. The most common GAG is heparin. Heparin is cewpos
repeating disaccharide units, which are variably sulfated. khepas been found to bind
to numerous proteins including: collagens, IGF’'s, IGFBP’s, hyaluronidds8,
interferon, TGFB, and numerous seminal proteins. The heparin-like GAGs arenpiase
many tissues, including the male and female reproductives tcdiotattle, humans and
sheep. At ejaculation, sperm are coated with heparin-binding prdtéBR) secreted
from the seminal vesicles, prostate, and Cowper’s glands. Spermgléhe epididymis
are devoid of those HBP, which potentiate heparin-induced capacitiithar,(1989;

Yanagimachi, 1994; Baldi et. al., 1996).
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lllustration 1. The reproductive tract of the bdihis illustrates the various parts of the
bull’s reproductive tract. Sperm is produced continuously by the tastestored in the
epididymis. The prostate gland, seminal vesicles and cowper’s giacdste the fluid
component of the semen. During mating, the penis is extruded from thih dhyethe
straightening of the S-shaped sigmoid figure; sperm are transported up teferass to
the urethra and exit via the penis (Lunstra 1978).

In all mammals, capacitation and the following acrosome reaatispermatozoa
are the essential steps prior to a successful fertilizatidnf@mation of a zygote. The
process of acrosome reaction comprises the fusion and vesiculatioa sparm outer
acrosomal membrane and the overlying plasma membrane. Theerefean acrosomal
content and exhibition of the inner acrosomal membrane occurs. When kpet the
zona pellucida of the egg, the acrosome reaction commences. Acrosont@nhts,
including surface antigens and numerous enzymes are responsibledkingrthrough
the egg’s tough coating and allowing fertilization to occur (Jankoviatval., 2006).

Miller et al. (1989) showed that in epididymal sperm the acresogaction occurred

approximately 22 hours after ejaculation, but sperm were unablentbtbithe zona
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pellucida. However if sperm were exposed to seminal plasmagspernse to heparin
occurred nine hours after exposure. Exposure to seminal plasma edcteasumber of
binding sites for heparin, indicating proteins in seminal plasma cedvw#g capacitating
effects of heparin (Bellin et al., 1994, 1996, 1998).

The presence of heparin binding protein (HBP) on the sperm membrane
corresponds to an increased fertility potential in range bulls. #&uHen samples with
HBP on the membrane bind with higher affinity and undergo an irexidasquency of
acrosome reaction in response to GAG. Studies have found that thenaerasaction
predictive of nonreturn rate has a squared correlation coeffi@énof 0.81 (Lamirande
et al. 1997). Sperm from higher fertility bulls are more susolepto capacitation effects
of heparin in vitro and the binding affinity sperm display for heperihigher in more
fertile bulls (Ax et al., 1985; Lenz et al., 1983a).

Miller et al. (1990) first isolated heparin binding proteins byhhperformance
liquid chromatography (HPLC). HPLC is a form of column chromajugyaused to
separate components of a mixture by using a variety of chieimieeactions between the
substance being analyzed and the chromatography column. Two studies/ezinal
monoclonal antibody and Western blots to visualize HBP patterngdrgeat extracts of
bovine sperm. Five protein families were identified and a monoclangbody was
raised (Bellin et al., 1994) which recognized 31, 27, 24 kDa variamisjuel seminal
proteins were identified (14-18 kDa, 24 kDa, and 31 kDa proteins) and shatjas to

understand their impact on bull fertility (Bellin et al., 1994, 1996, 1998).
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The specific proteins found in bovine semen that reflect fgrplitential include
osteopontin (OPN), a lipoclin-type prostaglandin D (PGD) synthas#ljty associated
antigen (FAA) and type-2 tissue inhibitor of metalloproteinase!PF2) (McCauley et.
al., 2001; Dawson et al., 2002; Erikson et al., 2007). Since a spesifecencodes for a
particular protein, the potential exists to easily screerntlfese predictors of fertility.
Single nucleotide polymorphisms (SNPs) in genes are becoming dbeataal in both
proteomics and genomics. Subtle mutations in the gene from one indivadaabther
can be detected, suggesting that methods could be developed to pedidiit fong
before puberty.

The 24 and 31 kDa proteins from the Miller (1990) studies bound heparin with the
highest affinity and facilitated heparin-induced capacitation. A monat antibody for
the 31-kDa protein designated M1 was subsequently developed. The 3itetBla was
purified, characterized and named fertility associated antigdé;(McCauley et al.,
1999). High fertility bull samples were found to show a presenc@Afiir Western blot
tests, and absence of FAA occurred in low fertility bulls (Bedli al., 1994, 1996, 1998,

Sprott et al., 2000).

Breeding Trials

From 1991 to 1998, controlled field trials were performed at King Ra&Dnly.
bulls that had passed the BSE were included in those trialsdiBgeseasons were set up
on 60-day rotation patterns, and 1 bull was to service 25 cows in radirpl replicated

pastures. Collectively, of more than 20,000 cows evaluated, bulls ¢hatRMA positive
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were found to have 79.9% pregnancy rate versus the FAA negativewithl®nly a

pregnancy rate of 63.6%. The mean pregnancy rate for all bullsse #tedies 73.6%.

Bulls with FAA achieved pregnancy rates that were 9 to 40 pagemgoints higher than

herdmates producing sperm without the antibody epitope. It wasfdated that semen

from bulls with FAA on sperm used during A.l. of mature cows ancefgifither at

natural or synchronized estrus, resulted in greater conceptiorttratesemen from bulls

without FAA on sperm (Sprott et al. 2000). FAA positive bulls have been fiounave a

17% higher fertility rate upon first service than FAA negatstock in both A.l. and

natural mating trials. This led to an increase in the numbealgés born earlier during

the calving season. This in turn also significantly increasedvéd@ning weights of the

calves born to sires that were FAA positive (Bellin et. al., 19%tiBet. al., 1996).

Bellin et al. (1998) showed the results from this study as follows:

FAA in Sperm Membranes

Present Absent Total Numbe
No. Bulls 242 192 434
No. Cows Bred 5,317 4,497 9,198
No. Cows Pregnant 4,497 2,572 7,069
Pregnant (%) 85 66 77

Table 1: Fertility of cows bred to bulls with or without detectable FAA on sperm.
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No. Females No. Bulls Bull FAA Status  No. preg. to L Proj. No. Preg.

service (%) by 3 Serv. (%)

386 7 Negative 192 (49.7) 283 (73.3)

764 18 Positive 501 (65.6) 673 (88.1)
Total 1150 25

Table 2: Number of females pregnant to first A.l. service aoggied number pregnant
after 3 services to semen from FAA negative (-) or FAA positive (+) sperm

Days of Prior to
Calving FAA testing — 1991 1995 1998
Season 223 head 262 head 489 head
% Wean Wt. % Wean WH. % Avg.
Wean Wt.

1-20 43.0 590 51.5 586 61.2 569
21-40 35.4 542 31.3 539 25.3 535
41-60 16.1 476 10.3 471 111 490

94.5 93.1 97.6

Table 3: Distribution of calving season in the nucleus herd at KimghRaCows were
bred to FAA positive bulls, and their retained daughters have only lwesl to FAA

positive bulls.

These results are consistent with prior assumptions about thasedréamportance of

FAA. In 1998, FAA positive bulls had a reproductive efficiency pregnaaty of 85%

versus FAA negative bulls that were only at 66%. Within 6 yehesetare 20% more

calves being born within the first 20 days of the calving seasadjnig to higher

weaning weights for those earlier born calves. As a resulbigirer numbers of heifers
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fertilized in the first breeding of the season would increabenganumbers to 12,000

plus cows by the time of sale (Bellin et al., 1998).

Cassette to Simplify FAA Testing

Testing bulls for FAA using laboratory methods is costly aguires time. To
incorporate these findings into the general practice of BSEmster and less costly
mechanism was needed. In January 2004, a patented lateral-flogtteeasmtaining
reagents to detect FAA entered the market (McCauley et al., 2004).

Midland BioProducts was established in 1987 with only 48 employees. Thi
company began producing reagents for Human Clinical Chemistry kitading
antibodies, calibrators, and controls. In 1994, the company ventured outearfield of
bovine and equine reagents. The partial nucleotide sequence encodingaSAised by
Midland Bioproducts in order to synthesize an immunogen to create RAgem. One
recombinant form that spanned amino acids 73-269 was found to be much less
hydrophobic than the native FAA protein. This recombinant fragment waessed in
E. coliand used to generate rabbit polyclonal antisera. This recombiAZntvas also
immunogenic, and the antisera were monospecific for FAA. In tiaddi
immunolocalization performed with the antisera revealed spdzifaing of FAA to the
acrosomal region on the head of bull sperm (McCauley et al., 2004). ndidla
BioProducts incorporated the antisera onto a lateral-flow cassétieh is marketed by
ReproTec, Inc. (McCauley et al., 2004). The lateral flow caseattenow be used to test

bull semen for the fertility-associated antigen. The advantag@sdype of cassette is
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that it is accurate, fast, does not easily expire, does not need to beatdfdgand is easy
to use on site.

When using the cassette a sample of dilute semen is exposedlabeled anti-
FAA antibody (McCauley et al. 2004). The sample and labeled antibodygate
migrate along the membrane via capillary action and are exgosenmobilized anti-
FAA antibody at a test position. The presence of FAA in thepkams evidenced by
binding of the FAA and labeled antibody to the immobilized antibodyltrieg in
colorimetric visualization of the label at the test positionoAtml reagent, which serves
as a substrate for unbound conjugate, is applied to the membrane @ttioé mosition.
Visualization of the control band verifies that the cassett@peed correctly, regardless
of the presence or absence of FAA in the sample. The followiag iustration taken

from this paper that shows pictorially how this works:
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Test resull window Sample well

(a)
Control  FAA stalus

Sample well

Test line

— Contral line
— v

"’""T/x\ T— ) Housing

(b Absorbent pad

Figure 1. Lateral-flow cassette for detection of fertibfissociated antigen (FAA) in bull
semen developed by Midland BioProducts (Boone, IA). a) Picture aftemal-flow
cassette displaying the colorimetric development of control amdiries. b) Schematic
showing the internal design present within the housing of the cas$égesample
migrates by capillary action over the conjugate pad before reathe test and control
lines, respectively McCauley et al. (2004).

At a cost of $45 for a single test kit, or $30 if more than 108 t&®t ordered, a
cost benefit analysis over time was needed to support introducingdiiisonal cost to
the budget for producers (http://www.reprotec.us).

McCauley et al. (2005) conducted the first cost benefit analysiscofporating

the cassette test into a herd breeding program. The followabig illustrates the cost-

benefit return of screening for FAA if a bull is used for foeanrs and is exposed to 25
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cows/heifers annually for breeding purposes. The table assumeseplating a bull

categorized as FAA negative with one that is FAA-positive will yield h3éte calves.

ltem Individual Sale ($) Bulk Sale ($)
Cost per Bull for FAA te8t 45 30

Cost per cow-yr"1 1.8 1.2

Cost per cow-4 yfs 45 .30

Net value of add'tl calf 50 50
Add'tl calves; 15% per §r 3.75 3.75
Value of add'tl calves per yr 187.5 187.5

4 yr return 750 750
Return/cow (4yrs) 7.5/.45=16.7-fold 7.5/.3=25-fold

82004 retail prices for purchase of a single test kit ($45) or volume discountkilstest

($30), respectively.

®One bull:25 cows each year.

“Based on 4 yr herd life per bull.

4 Assumes 25% of bulls are FAA-negative.
Table 4. Cost benefit analysis of FAA testing of herd siredu&s are computed for two
different cost scenarios: 1) Individual sale - $45 and 2) bulk §86.-The table assumes
that replacing a bull categorized, as FAA negative with one $h&AA-positive will
yield 15% more calves (McCauley et al., 2005).

Economics of FAA Testing
Ax et al. (2010) shows the impact of calving period on weaning weigthtits

economic benefit when shown for the return on investment.
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Figure 2. Shows the impact of early calving period on weangight. Increased fertility
rates produced by FAA-positive bulls increased the number of cowsdanty in the
breeding season (Ax et. al. 2010).

With this information, one can calculate the cost per head thdesulls and
their return per extra Ibs upon weaning weight. In 100 cows exposédl His/head
additional weaned beef: 1) $1.00/Ib would equal $11.00 per exposed cow and $0.70/Ib
equals $7.70 per exposed cow. If you test 4 bulls at $45.00 per test itcosti®tL80 or
at $30.00 per test at $120 (dependent on if bought in bulk or at the petecassgt the

return would be as follow:
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Return on Investment

Beef Price $45.00/FAA Test $30.00/FAA Test
$1.00/Ib 1100/180=6.11 1100/120=9.16
$0.70/Ib 770/180=4.27 770/120=6.41

Table 5. Return on investment of testing for FAA positive bulls byidenag increase
in calf weaning weights at time of sale (Ax et. al. 2010).

If 20% more claves are born from the first cycle, this would prod@6ebs advantage in
weaning weight along with if 10% more calves are born from tleenske cycle, this
would produce 40 Ibs advantage in weaning weight. If 15 more caledsoen per 100
cows exposed: 9 during the first cycle at 100 Ibs/calf would e¥fi@bs when weaned,
and 5 during the second cycle at 40 Ibs/calf would equal 200 Ibs weaited total of

1100 extra Ibs.

Considering this information, this product needed to be able to be ethricet
producers with a variety of different sized herds with differerakenups. Is this
technology cost worthy to producers to incorporate into managemetitgsaturing the
current economic turmoil? The Objective of this study was to asldines question and
provide cattle producers with an objective, economic-based analytsis oferall value

of testing for a biochemical marker, FAA, in their herd(s).
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CHAPTER 2
EXPERIMENTAL OVERVIEW
Abstract

Fertility has many components and stages, which require thas miad females
be functionally capable of carrying out all critical stafjesach generational reproductive
cycle is to be completed. Fertility as a trait is 5 to 1@&more important to profitability
than any other trait in a beef herd. Breeding soundness evaluation$ ¢(BSEbe
performed to evaluate whether a bull can be classified as a pbtsatisfactory or
unsatisfactory breeder. Bulls that qualify from BSE test cabeotanked on fertility
potential from that test.

FAA-positive bulls have been found in previous studies to increase cancepti
rates resulting from the use almost 16%. Increased feridiBsrby FAA-positive bulls
increased the number of cows bred early in the breeding seasoallthniag for more
calves with increased weaning weights. Increased weaning wewjhtin turn, increase
pounds of calves sold.

Three model herds (150 head, 500 head, and 1500 head) were produced and
incorporated into three separate scenarios (No FAA testingalPBAA testing, and
Complete FAA testing) to test the monetary value of testind=fok in existing herds
with a non-evasive chute test. Using previous fertility valbesh partial testing and

complete testing of herds were found to be highly beneficial to a producer’s biokom
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Introduction

Fertility traits in bulls are more important to buyers and produitean most other
traits in beef cattle herds. Certain proteins in bull semen baea found that are
associated with increased fertility, including fertility-asated antigen (FAA)
(McCauley et al., 1999). Previous studies have shown that FAA-pokitilehave 16%
higher conception rates than their counterparts (Sprott et al., 20@DerHertility rates
by FAA-positive bulls will increase the number of cows bredyear the breeding
season, thus allowing for more calves with increased weaning weigidreased
weaning weights will, in turn, increase selling prices (Ax et al., 2010).

Working with the scientist who developed the testing devices for FA®A-
cassette), FAA-cassette vendors, and an agricultural economisted historical data to
produce a model that can demonstrate to buyers and producers in the eStarthw
United States the benefits of using and testing for FAA-positivis louker time. Since
semen is already collected for BSE on bulls offered for, sedeare attempting to show
that the cost for addition of a cassette used in combination wEt&Sing will increase
that herd’s conception rate, calving output, and increase calf wearemghts. This
equation will in the end help show a multi-year fertility effe€thow bringing in FAA-
positive bulls can increase a producer’s profitability depending onewtseherd began
utilizing FAA testing.

This study was started for the Southwestern United Statesyéntually may be
used nationwide or even worldwide. The Southwestern United Stateshasesn as the

test case scenario for this study because this area hasfdaewl to have the most
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depressed producers of cattle and the hardest terrain for breatiogin conjunction
with data previously collected from the King Ranch field trithese numbers can be
used to help validate the results from this economic model.

An economic model was developed to determine value to a ranchetefstng
bull semen for the presence of FAA. For the model, ranches of 150, SIB0@head of
cattle were contrasted. All inputs were from the Arizona Raris management guide
published by the Department of Agricultural and Resource Econongesl. ¢osts were
based on audited values. For example, annual hay costs were \wahi&d7& per head,
salt and mineral was $7.22 per head, and average protein supplementatdé waper
head (Cooperative Extension, 2006).

To evaluate whether this cassette had economic value to produceutijyaar
investment plan was produced. This table incorporates all asgfeatsindividual farm
dependent on size. The first aspect of this plan was the Rawnestrhents needed to be
included into the yearly cost analysis of each herd. The Ranch Irerg@stmcluded the
number of buildings and improvements, the number of machinery and velasiokbs,
purchased livestock needed to run an establishment of each sizeddydrca Multiyear
Budget was created to include both fixed and variable costs of ruanimeyd yearly.
Finally, the herd-planning sheet was created to be accourfitalilee variations in herd

productive output dependent on fertility traits.



38

Materials and Methods
Ranch Descriptions
Three herd sizes with three different breeding practice measls produced and

compared. The herd sizes were set as 150 head, 500 head, and 1500 head.

Herd Size 150 Head 500 Head 1500 Head
Livestock Bred cows (114) Bred cows (440) Bred cows (1140)
Inventory Bred Heifers (21) Bred Heifers (40) Bred Heifers (210)
Total weaned/ Total weaned/ Total weaned/
yearling heifers (15)| yearling heifers (40)| yearling heifers (150)
Bulls (8) Bulls (24) Bulls (76)
Horses (2) Horses (10) Horses (25)

Table 6. Ranch descriptions broken down in a side-by-side comparison austuis
study based on previous studies and conversations with Dr. Ax and Unieé&rizona
economist Trent Teegerstrom.

Each herd was then placed under three different scenarios: 1) NaeSArAg, 2) Partial
FAA testing, and 3) Complete FAA testing. In the No FAAitestherds, the average
normal fertility of a non-tested herd was used as a constatttiSsomodel. In the Partial
FAA testing herds, in Year 1, half of the initial herds’ bull popalawas tested for FAA
and all replacement bulls purchased for the herd from then on veted.tdhis model
includes the price for the cassette and the labor cost forgesdch bull. In the Complete
FAA testing herds, all bulls in the initial herd and all replagetbulls were tested using

the FAA cassettes. This model, like the Partial FAA testioglels included the price for

the cassette and the labor cost for testing.
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Test Case Scenario Set-Up

No FAA Testing Partial FAA Testing | Complete FAA Testing

150 Head | Test Case Scenario 1|TTest Case Scenario 1|2 Test Case Scenario [1.3

500 Head | Test Case Scenario 2[TTest Case Scenario 2[2 Test Case Scenario 2.3

1500 Head | Test Case Scenario 3|Test Case Scenario 3|2 Test Case Scenario B.3

Table 7. Test Case Scenario Set-Up shows a description ofdhkdbwn of each test
case scenario based on herd size and testing procedure used.

Assumptions

The following assumptions refer to the following models and cetlee typical
costs and returns associated with beef cattle production in the ®steuv United
States. The practices described are based off of production psaatice materials
considered typical of a well-managed beef cattle operationeimeition, as determined
by previous cooperative extension studies run by agricultural econo@ustis materials,
and practices are not applicable to all operations, as productioncesagtiry among
ranchers within the region and across different regions. Frormtbemiation found in
past studies, the assumptions of the data output of this study etrallt herds that
incorporated testing would have a cost deficit for the cost ofctssette and labor
associated with testing, but would make up for the cost exporgmar the following
years. By starting each model off with no loans or investmentisliyi the numbers
would be negative to begin with, but would eventually regain positive balaliceas
also hypothesized that herds that utilized complete FAA-testatkls would show a

greater impact of cost-benefit versus the partially FAA tested models
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Multiyear Budget

Refer to NoFAAtestingl50head.xls, PartialFAAtesting150head.xls,
CompleteFAAtesingl150head.xls, NoFAAtesting500head.xls,
PartialFAAtesing500head.xls, CompleteFAAtesting500head.xIs,
NoFAAtesting1500head.xls, PartialFAAtesting1500head.xls, and
CompleteFAAtesting1500head.xls for the exact figures used in this study.
Production Information, Operating Receipts, and Capital Recéipiese costs were
introduced from calculations incorporating numbers from the herd-plgrsheet. The
equations were proven in previous studies preformed by the Universifrizina
Economics division.

Variable Costs (All costs are estimated costs for the modeledtimate real life
rancher’s needs.)

FAA Test CostsNo cost was ensued in models that were run having no FAA testing
within them. In the Intermediate and All FAA testing models, dassette was added in
as a cost of $45.00 per cassette used and labor was inferred attemad®85.00 per
bull tested.

Feed: The forage base for the ranch was based on the Arizona kEtauPregion land
ownership plan. The land ownership mix common to this region consists of
approximately 45% grazing occurring on state land, 32% on priasate 12% on United
States Forest Service (FS) land, and the remaining 11% on BureandManagement
(BLM) land. Additional hay cost was found to be at an average of $}J@7Gead per

year from multiple 2006 cooperative extension production costs and returrshmgd.
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From these same cooperative extensions (2006) the salt and rmosnaias found as an
average of $7.22 per head per year and the average protein supplemeraat®i6.41

per head per year.

Veterinary/Medical: Cows and replacement heifers received a pregnancy check in
November and were provided with an external insecticide, 7- or 8\fcine, and an

oral de-wormer. Weaned, replacement heifers are provided IBR, B¥B, BRSV, 7 or

8 Way, oral de-wormer, Naselgen, and Bangs vaccinations. Stebed@dcalves were
branded, earmarked, de-horned in May, and vaccinated with 7 or 8 Way agldeNas
Steers were also given implants and castrated in May. Trotabaveterinary costs were
computed at $20.00 per head.

Marketing/CheckoffCalves were marketed through Video Marketing Sales in thewinte
with a November/December delivery. Cull animals were markéteadigh local auction
markets. Annual marketing costs were calculated at 2% ofreatahue. Check off fees
were $1.00 per animal sold.

Horse MaintenanceCosts for shoeing horses, veterinary, and feed expenses were based
on costs as reported by the producer panel, approximately $320.00 annually per head.
Labor: Labor included one hired employee, and one owner/manager. Hiredcladier
included a monthly salary of $1,725.00 per hired labor unit per month (which is a
average of multiple 2006 cooperative extension production costs and returns
publishings). The owner/manager received 6% of the total variabie @dsemployee
benefits, payroll taxes, and worker's compensation insurance wegeaad in labor

costs.
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Overhead and Capital Recovery Costs
Administrative CostAccounting and legal fees including office and travel costs were
estimated at $5.00 per head per year. These expenses includedufidies, telephone
services, Internet services, and travel expenses to educational seminars.
Investment RepairsAnnual repairs were provided for all ranch investments or capital
recovery items that required maintenance. Annual repairs vadrelated at 2% of the
purchase price for buildings and equipment and 7% of the purchase prinadoinery
and vehicles. This includes fuel and lube for all machinery and vehicles.
Professional Fees and Insurandgability/insurance covers accidents on the farm at an
annual cost of $3,000.00 per 500 head.
Miscellaneous Costg-or additional costs and unforeseen complications on the farm, an
annual cost of $20.00 per head was incorporated into the model.
Ranch Assets

Using the knowledge and educational background of Dr. Roy Ax and Dr. Trent
Teegerstrom, ranch assets were constructed dependent on the number of hedd per her
Refer to NoFAAtestingl50head.xls, PartialFAAtesting150head.xls,
CompleteFAAtesingl50head.xls, NoFAAtesting500head.xIs,
PartialFAAtesing500head.xls, CompleteFAAtesting500head.xIs,
NoFAAtesting1500head.xls, PartialFAAtesting1500head.xls, and
CompleteFAAtesting1500head.xls for usage of this information in these test case

scenarios. The following is the breakdown of these findings:
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Herd Size 150 Head 500 Head 1500 Head
Acres of private| 15 acres 40 acres 500 acres
land

Miles of pipeline 5 miles 10 miles 50 miles
Wells 2 2 14

Dirt tanks 3 10 74

Miles of fence 50 miles 100 miles 300 miles
Corral/working 1 1 5

facility

Barn/shop 1 1 5

% ton pick-up |0 1 2

4WD

% ton pick-up |1 1 4

4WD

Dozer/tractor 1 1 2
Gooseneck trailer | 1 1 4

Horse tack 1 1 1

Stock truck 0 1 2

Water truck 0 1 1

Table 8. Ranch Assets dependent on herd size.

Results
150 Head
Test Cast Scenario 1.1 No FAA Testing — Ranch Description

The livestock inventory consists of 114-bred cows, 21 bred heifers, amdal5 t
weaned/yearling heifers, 8 bulls, and 2 horses. No bulls wereal testd-AA in this
model. Conception rate of purchased bred cows and cow/calf pairoonstart at 80%
with a death loss of 2% and a cull rate at a constant 20%. Cancegte of the cows
that survived at least one culling cycle was constant at 70%deédth loss of 2%. The

maximum cow to bull ratio was set at 15 with a bull cull @t&0%. Only during the
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first year of operation were any raised heifer calvesnethio increase herd size the
following year to not exceed Total Authorized Unit (AU) capacity.
Test Cast Scenario 1.2 Partial FAA testing — Ranch Description

The livestock inventory consists of 114-bred cows, 21 bred heifers, amdal5 t
weaned/yearling heifers, 8 bulls, and 2 horses. Half of the iitihl population was
tested for FAA and all replacement bulls thereafter westede Conception rate of
purchased bred cows and cow/calf pairs was at a variabkaseithat began with the
standard in the first year at 80% and due to testing, slowlyasedeover the following 6
years to a conception rate of 95% with a death loss of 2% and rateutlecreasing in
tandem with the conception rate. Conception rate of the cows thatesliatveast one
culling cycle was also affected with year 1 at the constar® 7hd slowly increasing
over 5 years to 85% with death loss of 2%. The maximum cow to hollwast set at 15
but increased to 20 over time due to the FAA positive bulls having thig &bimate and
impregnate at a higher rate than negative bulls, with a bultatellof 20%. Only during
the first year of operation were any raised heifer cate¢ained to increase herd size the
following year to not exceed Total AU capacity.
Test Cast Scenario 1.3 Complete FAA Testing — Ranch Description

The livestock inventory consists of 114-bred cows, 21 bred heifers, amdal5 t
weaned/yearling heifers, 8 bulls, and 2 horses. All bulls ininit&al herd and all
replacement bulls thereafter were tested. Conception rate digsedt bred cows and
pairs was at a variable increase that began with the stamdtre first year at 80% and

was given a faster increase in productivity to increase tmeeption rate of 95% within
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4 years with a death loss of 2% and a cull rate decreasitagdlem with the conception

rate. Conception rate of the cows that survived at least one culling cyskswaaffected

with year 1 at the constant 70 % and within 3 years increasi®gtowith death loss of

2%. The maximum cow to bull ratio was set at 15 but increased by year 2 to 20 due to the
FAA positive bulls having the ability to mate and impregnatea dtigher rate than
negative bulls, with a bull cull rate of 20%. Only during the fyeshr of operation were

any raised heifer calves retained to increase herd siz®ltbeing year to not exceed

Total AU capacity.

Annual Cash Costs 150 Head

$27,000.00

$25,000.00 W
$23,000.00 \v

%;:/ —e— No FAA testing
% $21,000.00 - —— Partial FAA testing
85 $19,000.00 Complete FAA
testing
$17,000.00
$15,000.00 — T

1234567 8 91011121314151617181920

Years

Figure 3. The annual cash cost is the cost of replacing stock 5d laead herd using the
parameters in this study over a 20-year time span.
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Figure 3 illustrates the annual cash cost of replacing stock k&0 &ead herd
using the parameters in this study over a 20-year time spaninthiges the cost of
purchasing bulls, testing for FAA, purchasing bred cows, bred paed, hweifers (2+

years old), weaned/yearling heifers, feed costs, variable costs, interesiabiev@osts.

Annual Return Over Cash Costs 150 Head

25,000.00

20,000.00 -+ ASA—AT AT AT AT AT AT A A AT A A A A
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] Complete FAA
© testing

5,000.00 -
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Figure 4. The annual return over cash cost consists of the qosiniig a 150 head herd
per year dependent on production variable costs and restocking costs.

Figure 4 illustrates the annual return over cash cost that congishe cost of
running a 150 head herd per year dependent on production variable coststacidng

costs. Due to lack of base funding for the initial year, the droprofit by year 2 is

appreciable.
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Per Bred Cow and Heifer - Cash Cost 150 Head
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Figure 5. The annual cash cost of a cow and heifer unit consigte obst of running a

150 head herd per year dependent on production variable costs and restocking costs
Figure 5 illustrates the annual cash cost of a cow and heifer unit, whichtsafisis

the cost of running a 150 head herd per year dependent on production varsibland

restocking, costs. This is the rancher return per cow& heifer unit.
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Annual Return Over ALL COSTS 150 Head
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Figure 6. Annual return consists of the cash return of all cost above the ranch cost

Figure 6 illustrates the annual return, which consists of thereaisim of all cost
above the ranch cost. This includes the deduction of ownership costs and
management/labor costs. Due to lack of base funding for the iy#é&al the drop in

profit by year 2 is appreciable.
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Per Bred Cow and Heifer - Annual Return 150 Head
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Figure 7. The annual cash return of a cow and heifer unit abovartble costs per year
in a 150 head herd.

Figure 7 illustrates the annual cash return of a cow and heiteshmie the ranch
costs per year in a 150 head herd. In such a small herd size E#A testing scenario

shows a gradual decrease in bred cow and heifer annual return with no rebound.
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Annual return at year 10 and 20 of per bred cow and heifer 150 Head

I

-65.72
-79.91

-100

-140.07

-200

O NoFAATesting
-300 [l Partial FAA Testing

[0 Complete FAA Testing

-400

-460.61
-500

-561.98

-600

Year

Figure 8. Comparative of the three scenarios of cow/calfiretalues at year 10 and year
20.
500 Head
Test Cast Scenario 2.1 No FAA Testing — Ranch Description

The livestock inventory consists of 440-bred cows, 40 bred heifers, amda4lO t
weaned/yearling heifers, 24 bulls, and 10 horses. No bulls werd festEAA in this
model. Conception rate of purchased bred cows and pairs was cais@®b with a
death loss of 2% and a cull rate at a constant 20%. Conception rédite cbws that
survived at least one culling cycle was constant at 70% witthdeas of 2%. The
maximum cow to bull ratio was set at 15 with a bull cull @t&0%. Only during the
first year of operation were any raised heifer calvesnethio increase herd size the

following year to not exceed Total AU capacity.
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Test Cast Scenario 2.2 Partial FAA testing — Ranch Description

The livestock inventory consists of 440-bred cows, 40 bred heifers, amda4lO t
weaned/yearling heifers, 24 bulls, and 10 horses. Half of thel initlapopulation was
tested for FAA and all replacement bulls thereafter westede Conception rate of
purchased bred cows and pairs was at a variable increase thatvindythe standard in
the first year at 80% and due to testing slowly increasedtbedollowing 6 years to a
conception rate of 95% with a death loss of 2% and a cull rate degea tandem with
the conception rate. Conception rate of the cows that survivedsablea culling cycle
was also affected with year 1 at the constant 70 % and slowrgasing over 5 years to
85% with death loss of 2%. The maximum cow to bull ratio wastsEs aut increasing
to 20 over time due to the FAA positive bulls having the ability toenaaid impregnate
at a higher rate than negative bulls, with a bull cull rate of. 20ty during the first year
of operation were any raised heifer calves retained to irecreas size the following
year to not exceed Total AU capacity.
Test Cast Scenario 2.3 Complete FAA Testing — Ranch Description

The livestock inventory consists of 440-bred cows, 40 bred heifers, amda4lO t
weaned/yearling heifers, 24 bulls, and 10 horses. All bulls inrthialiherd and all
replacement bulls thereafter were tested. Conception rate digsedt bred cows and
pairs was at a variable increase that began with the stamdtre first year at 80% and
was given a faster increase in productivity to increase tmeeption rate of 95% within
4 years with a death loss of 2% and a cull rate decreasitagdlem with the conception

rate. Conception rate of the cows that survived at least one culling cyskswaaffected



52

with year 1 at the constant 70 % and within 3 years increasi®gowith death loss of
2%. The maximum cow to bull ratio was set at 15 but increasingsar 2 to 20 due to
the FAA positive bulls having the ability to mate and impregnat laigher rate than
negative bulls, with a bull cull rate of 20%. Only during the fyesar of operation were
any raised heifer calves retained to increase herd siz®ltbeing year to not exceed

Total AU capacity.

Annual Cash Costs including carryover balance 500 Head
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Figure 9. The annual cash cost is the cost of replacing stock@d laead herd using the
parameters in this study over a 20-year time span

Figure 9 illustrates the annual cash cost of replacing stock 580 énead herd
using the parameters in this study over a 20-year time spaninthides the cost of
purchasing bulls, testing for FAA, purchasing bred cows, bred paed, heifers (2+

years old), weaned/yearling heifers, feed costs, variable costs, interesiabiev@aosts.
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Cash Return over Cash Costs 500 Head
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Figure 10. The annual return over cash cost consists of the castnifig a 500 head
herd per year dependent on production variable costs and restocking costs.

Figure 10 illustrates the annual return over cash cost whichstewsithe cost of
running a 500 head herd per year dependent on production variable coststacidng

costs. Due to lack of base funding for the initial year, the droprofit by year 2 is

appreciable.
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Per Bred Cow and Heifer - Cash Cost 500 Head
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Complete FAA
testing

Figure 11. The annual cash cost of a cow and heifer unit constisis cbst of running a

500 head herd per year dependent on production variable costs and restocking costs.
Figure 11 illustrates the annual cash cost of a cow and lwiferwhich consists

of the cost of running a 500 head herd per year dependent on productionevensts|

and restocking, costs. This is the rancher return per cow and heifer unit.
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Annual Return Over ALL COSTS 500 Head
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Figure 12. Annual return consists of the cash return of all cost above the ranch cost.

Figure 12 illustrates the annual return, which consists of tte redurn of all cost
above the ranch cost. This includes the deduction of ownership costs and
management/labor costs. Due to lack of base funding for the iy#té&al the drop in

profit by year 2 is appreciable.
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Per Bred Cow and Heifer - Annual Return 500 Head
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Figure 13. The annual cash return of a cow and heifer unit abewvanch costs per year
in a 500 head herd.

Figure 13 illustrates the annual cash return of a cow and heifealove the
ranch costs per year in a 500 head herd. In such a small herchsizey EAA testing

scenario shows a gradual decrease in bred cow & heifer annual return vatiooad.
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Annual return at year 10 and 20 of per bred cow and heifer 500 Head
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Figure 14. Comparative of the three scenarios of cow/calf remlues at year 10 and
year 20.
1500 Head
Test Cast Scenario 3.1 No FAA Testing — Ranch Description

The livestock inventory consists of 1140-bred cows, 210 bred heifers, and 150
total weaned/yearling heifers, 76 bulls, and 25 horses. No balis i@sted for FAA in
this model. Conception rate of purchased bred cows and pairs was\tanh&d% with a
death loss of 2% and a cull rate at a constant 20%. Conception ridite cbws that
survived at least one culling cycle was constant at 70% witthdeas of 2%. The
maximum cow to bull ratio was set at 15 with a bull cull @t&0%. Only during the
first year of operation were any raised heifer calvesnethio increase herd size the

following year to not exceed Total AU capacity.
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Test Cast Scenario 3.2 Partial FAA testing — Ranch Description

The livestock inventory consists of 1140-bred cows, 210 bred heifers, and 150
total weaned/yearling heifers, 76 bulls, and 25 horses. Half ohitired bull population
was tested for FAA and all replacement bulls thereafter vested. Conception rate of
purchased bred cows and pairs was at a variable increase thatvindythe standard in
the first year at 80% and due to testing slowly increasedtbedollowing 6 years to a
conception rate of 95% with a death loss of 2% and a cull rate degea tandem with
the conception rate. Conception rate of the cows that survivedsablea culling cycle
was also affected with year 1 at the constant 70 % and slowrgasing over 5 years to
85% with death loss of 2%. The maximum cow to bull ratio wasts&b but increasing
to 20 over time due to the FAA positive bulls having the ability toenaaid impregnate
at a higher rate than negative bulls, with a bull cull rate of. 20ty during the first year
of operation were any raised heifer calves retained to irecrieas size the following
year to not exceed Total AU capacity.
Test Cast Scenario 3.3 Complete FAA Testing — Ranch Description

The livestock inventory consists of 1140-bred cows, 210 bred heifers, and 150
total weaned/yearling heifers, 76 bulls, and 25 horses. All bullseimnitial herd and all
replacement bulls thereafter were tested. Conception rate digsedt bred cows and
pairs was at a variable increase that began with the stamdtre first year at 80% and
was given a faster increase in productivity to increase tmeeption rate of 95% within
4 years with a death loss of 2% and a cull rate decreasitagdlem with the conception

rate. Conception rate of the cows that survived at least one culling cyskswaaffected
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with year 1 at the constant 70 % and within 3 years increasi®gowith death loss of
2%. The maximum cow to bull ratio was set at 15 but increasingsar 2 to 20 due to
the FAA positive bulls having the ability to mate and impregnat faigher rate than
negative bulls, with a bull cull rate of 20%. Only during the fyesar of operation were
any raised heifer calves retained to increase herd siz®ltbeing year to not exceed

Total AU capacity.

Annual Cash Costs -- including carryover balance 1500
Head
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Figure 15. The annual cash cost is the cost of replacing stoaKL6@0 head herd using
the parameters in this study over a 20-year time span.

Figure 15 illustrates the annual cash cost of replacing stocklé0Ghead herd

using the parameters in this study over a 20-year time spas.indhides the cost of
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purchasing bulls, testing for FAA, purchasing bred cows, bred paed, hwifers (2+

years old), weaned/yearling heifers, feed costs, variable costs, interesiabiev@osts.

Annual Return over Cash Costs 1500 Head
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Figure 16. The annual return over cash cost consists of the cost ofguantb00 head
herd per year dependent on production variable costs and restocking costs.

Figure 16 illustrates the annual return over cash cost whichstewsithe cost of
running a 1500 head herd per year dependent on production variable costtauing:
costs. Due to lack of base funding for the initial year, the droprofit by year 2 is

appreciable.
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Per Bred Cow and Heifer - Cash Cost 1500 Head
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Figure 17. The annual cash cost of a cow and heifer unit constisis cbst of running a
1500 head herd per year dependent on production variable costs and restocking costs.
Figure 17 illustrates the annual cash cost of a cow and liferwhich consists
of the cost of running a 1500 head herd per year dependent on productiireveoist

and restocking costs. This is the rancher return per cow and heifer unit.
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Annual Return Over ALL COSTS 1500 Head
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Figure 18. Annual return consists of the cash return of all cost above the ranch cost.

Figure 16 illustrates the annual return, which consists ofakle eturn of all cost

above the ranch cost.

This

includes the deduction of ownership costs and

management/labor costs. Due to lack of base funding for the iy#éal the drop in

profit by year 2 is appreciable.
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Per Bred Cow and Heifer - Annual Return 1500 Head
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Figure 19. The annual cash return of a cow and heifer unit dbevanch costs per year
in a 1500 head herd.

Figure 17 illustrates the annual cash return of a cow and heifeabove the
ranch costs per year in a 1500 head herd. In such a small herdhsine, EAA testing

scenario shows a gradual decrease in bred cow and heifer annual return weitburar
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Annual return at year 10 and 20 of per bred cow and heifer 1500 Head
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Figure 20. Comparative of the three scenarios of cow/calf remlues at year 10 and
year 20.

In all three-herd sizes, both the partial and complete testamasos show a high
yielding return as compared to the no testing scenario over a&0pyojection. Profit
margins have been shown to have a great impact when FAA tesiimgprporated into

the management of beef cattle production.

Discussion

Fertility, as a measurable trait, is 5 to 10 times mopoimant to profitability of a
livestock enterprise than any other trait we can measuresMale are subjected to a
fertility exam, and pass, still vary dramatically in attieatility. In mammalian males,
objective biochemical markers which are indicators of a sperhilisyao successfully

fertilize an ovum are needed (Foote et al,. 2003). From DNA pagewm&gication, 20%
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of bulls in natural service breeding will sire 80% of the offgpriroor bull fertility can
cause substantial loss of a calf crop, especially in single sire herds.

Semen contains varying concentrations of a protein called fedg8ggpciated
antigen (FAA). The presence of FAA in semen samples has ip&ed to higher fertility
among bulls. Each of the models began the herd at an 85% fertility rate based ausprevi
studies that showed FAA-positive bulls to have a 16% higher conceptesntinan their
counterparts (Sprott et al, 2000). Higher fertility rates byAfpdsitive bulls will increase
the number of cows bred early in the breeding season, thus allowimgpfercalves with
increased weaning weights. Increased weaning weights willurm tncrease selling
prices (Ax et al. 2010). This is why an increase in these valaesaccounted for in the
partial and complete models. Based on McCauley et al. (2004), vihteld svith a profit
margin of $100 per calf, a 1% increase in birth rate would &nsito an additional $38
million earned in 2004. Moreover, if each ranch weaned one additiohathzlwould
generate $80 million in added profit.

The maximum cow to bull ratio was set at 1:15 based on the Cooperati
Extension input and Sprott et.al (1997) that states that typically a bull-to towfra:25
is recommended, but can be wasteful. Since FAA positive bulls hawnefdigsd to have
higher first service conception rates, the ratio was decreased over fiere@ldat on FAA
testing to a maximum cow to bull ratio of 1:10. As FAA positivdsulere cycled into
the herd, and FAA negative bulls were culled, conception rates digsed bred cows
and pairs were increased dependent on practice from 80% to 95%. Tums increased

weaning weights of calves at time of sale, causing a generation of profit.
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In all three models, it is apparent that testing for FAA aach will increased ones
profit margin. The question is should a producer concentrate fundimgttalt bulls in
the herd at one time, or test when introducing new bulls into the bgrdraof the BSE
prior to purchase? Looking at figures 3-20, one can appreciate tapéxial testing
and complete testing are comparatively identical in all aspeatept for the initial 3-5
years. This discrepancy is due to the cost of testing all Withsveterinary and workman
expenses versus testing over time. This outcome was contrary ¢ggbeted outcome
when beginning this experiment. When discussion of this model begangrtkensus
was that complete testing would exponentially outweigh no testing and pattraj.tes

Herd size has been found to be a factor in the outcome of this ribdels an
expected outcome considering that the larger the herd is, thepmaditethere is to be
made. In the 150 head herd model, there are only eight bulls to be cahgdére cost-
benefit analysis of this experiment. As the herd size increasedoes the number of
bulls needed to run the operation. Considering that these models at@bdke changes
that bulls have on production, one can expect that the more bulls in ahermpre

impact testing will be on the economic outcome.

Conclusion

Agriculturalists identify and breed genetically superior atsnand plants. For
years, this was done by examining the plant or animal and perforelatyely simple
tests. The prize bull's value would be determined, in part, bgrasuch as its size and

weight. Technology has taken selective breeding to a highee.pldre same bull’'s
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breeding soundness can be analyzed through genetic factors. @ertagmwithin DNA
are linked to performance characteristics. The study folitigia bulls is one of many
that have direct application to other mammals.

A 31Kda heparin-binding protein named fertility-associated antig&i\)Has
been found to occur naturally in male mammals with higheilifientates. Before this
protein was isolated and analyzed, the male population was notaseanprofitable
mechanism in which producers needed to consider. The mechanism by wiich F
increases bovine fertility still remains unknown, but further expantation will uncover
its true mechanisms.

Further studies of this heparin binding protein have found potentials that affect the
female reproductive success. Insemination results in the tregismiof seminal factors
that act, in the female reproductive tract, to promote sperm slhrtavaondition the
female response to tolerate the conceptus, and to organize molecutailalar changes
in the endometrium to facilitate embryo development and implantgdRmbertson,
2005). Postbreeding inflammation in the form of increased polymorphamnucle
neutrophili granulocytes (PMN) into the uterine lumen is an impoparitof the uterine
defense mechanism in pigs and horses (Rozeboom et al., 1998; Troeddsol©68a
Neutrophils ordinarily infiltrate the female reproductive tragbsequent to mating or
artificial insemination, resulting in reduced fertility. Equinautnephil extracellular traps
(NETs) are formed as a result of activated neutrophils extrutigig nuclear DNA and
associated proteins to ensnare and kill foreign microbes (Brinkntaain 2004). NETs

entangle sperm in these DNA-rich structures, interfering witer normal transport
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through the female reproductive tract. Seminal plasma (SP) oninac¢eus extracts
from SP inhibited sperm-neutrophil binding and specifically degradesnsaetivated
NETs, without suppressing bactericidal activity of neutrophils.tilfgr associated
antigen (FAA) has been shown to bind to sperm and potentiate heparinenduce
capacitation Alghamdi & Foster, (2005). FAA shares 87% identity Dilase I-like
family members contains two internal DNase-I-like peptideifsx@Cropp, 2005), and
demonstrates Dnase activity capable of inhibiting sperm-neutrophil binding.

Collectively these results demonstrate that adding the FAAectadt to the
Breeding Soundness Exam is both cost effective and non-invasive. Wagtheducer
decides to test all bulls in the herd prior to changing buyiagtiges, or test all incoming
bulls purchased for the herd, over time the culling of all FAA negétilis combined
with replacement of FAA positive bulls to the herd will increase the profitimarg

As for the future of this test, since mammalian genetiesvary closely related,
and FAA is highly homologous to cross a variety of mammalianiespea fertility test
utilizing FAA could be developed to be used in both human and wildlifditietesting
in addition to economically important livestock. The chute test wouldrbexcellent
additive in reproductive trials being conducted in regions where coldgst is not

always at ones disposal.
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APPENDIX A
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APPENDIX B

PARTIAL FAA TESTING 150 HEAD

Herd Planning
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Multiyear Budget

Produstion Information
Taarlinge Furchasad |Baginning yaar]
Baginning Yaar Braading Cowe, Halfare, B Taarlinge 150 L] 155 155 163 L] 163
Ending Year Hard Size 105 123 126 123 133 153 133
Malghcesd dwg. Cull Rata far Taar N ZTh Zi'% ot oo 24%, T
Weighted Sy, % ¥Weanzd alf Ta T T T T T T
" of Toral Halare Kape far Raplazannarts 100 E g TN (=4 == 1%, ==
Dparating Ratalpe
Zavzs Sav M T2 300355 D35.-330) 0 23RRAnDg FIOTCT S12,0705) T2 CCETE
ceabive Sull
apital Rerript
TR EF T 11 1ol 1 =1L i
ol el el bEA Y] el
e e HuErs)
=l e
I 1=
CHer = S s
SUETOTAl Caaits) Foviak e F12, 1405 .00 E12,255 50 E10,101 52 E11 57505 §12.190.03] E1Z,TTETT §12.183.64
Tots) Bpveruie | $34,80808.70 $31,700.25 | $35,540.45 | $30,490.45 | %42.803.14 B4 25730 $45,163.40
Par Erdivg ' Breeding Gow Reverans $322.00 $250.55 $262.13 $308.15 $324.94 S $338.14
CAsTs
Warighin Cozer
FOoA Teak Costa
Fulzs =21k ve v Flaoarg Seeck) 4 E 2 2 2 2
Tartrages f 0 CC f o0 FiC 00 23100 Fi0 0 3102
Labar are. foar i AT o EE T o <
Faad Coste
7201 f1: £ #1204 5315 521
e Teorne j S EEEEE EAEEE
f zicsc f 201 E L Py L CR R3S S1,525.03 S1,520.35
T f RS Tdd Tl SOy EEAN
forl b frrran oo g i 14 AT
LR Il | f2C0 20 FZCEVED =131 2 [EZT o )
Subeats! Fard Cort $4,551.17 $5,19-.08 $5,302.24 $5,425.21 SEEIEEE $5,807.27 SREOTTE
Ochar vadabla Cosie
=2ahie Fursmdezs
Tndl o o= h Hb JHddii T A I - =i A
c Trs, T i B B B B S1.510.710 B <2.510.00
f- a1 f- a1 1= cdl 11 1= cdl 11 ~4 $- 11 w42 1]
liew LeLur
CHer e s Matrr s Todt o1 Tkt b EEE O b LR AR E il A EE
[T RN N FECCCC FECCCC FECCCC FECCCC =302.02 FECCCC
U o b TR t ] ol fortanes
Heelziens $2 EZCC $2 15200 f23 L€ F22701C fZEE1ED
ke Carnnnnn Idini Idini T4 T4 Idini e
Sl
SUETITAr DEhar Varaeks: SoLT| §14.400.94 §714.963.91 §16.226.87 §16.441.18 16,721 25 §16.T63.6E S15,750.55
Imtereat Rate on Yariable Corts =] S =10 ] =10 ] LR S% LR
Wt a El El El a El a
Sleare Intcrcsr on Waragks SosTs £1,137.13) 5120370 51221 83 51251 55 §1.280.29] 2125155 §1.282.10
Produstion Cash Variakle Coats $20,000.2d | $24.353.70 | $24750082 | $22110.37 S E1EE0 $22,842.50 S22 ER051
FPar Ending ¥r Sreadirg Cowe ¥annkls Conts $165.75 $174.11 1720 $171.57 S1E9 48 $180.03 S1E9 %3
Mot Boturrer Abave Vannble Cors $14,800.49 [ $40,355.54 | $137008d | $47350.08 S0 IT4ES $22,244.80 e
Ending ¥r Greadivg Cowr Returns Ahere Yav, Conts $130.85 $0d.44 $108.44 $134.50 S151.50 $10d.72 S1E317
SeunarsRg Cast
Purchasad Llussteck |[Bulls & Herees) i i i i LT | i wpeE
Housing # Improvemsnts £ 15112 £ 15112 L5112 L5112 A sS £ 15112 B-F-
Machifary B E4ulpmart T T oo oo EEARIE S b ) EEN R
Retainzd Livestech Included in Herd Planning Sheet]
Tavac E InEUFanca ] ] it 1ol 1 it EIRAE|
Total Cramerahip Coats $18.500.70 | $10598.70 | $1a5a67p | $18.500.70 515565 $18,580.70 B E ]
For Ending ¥y Erccalig Cal OwkcrL e SoErs §171.68 §1E1.40 §14ar.ar §11a.03 12912 §129.36 21294
annual Cemar ManagamanoLabar Cosg §1.206.36 §1.281.22 §1.306.659 §1.327.10 2120711 §1.368.66 £1 3080
TATAL COETE lass Rasracklng Famalas $30,009.30 |  $31.208.72 |  $41.834.20 |  $42.044.28 2444 41 $42,500.85 HH2ETES
Toral Mat Raturm lass Rastocking Fanales (3d.873.86) [Eadeddry FA0asFdy 2 545.81) SHA TS 32,267 .46 2 A1 AT
oF Evdibgg Fr Erroding Sow - Sk & Dwkors e SosTs [ ELEER 1§77.42) |k9B.30) [§19.76) =261 §r.Aar £15E2
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Ranch Investments
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APPENDIX C

COMPLETE FAA TESTING 150 HEAD

Herd Planning
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Multiyear Budget

Produstion Information
Taarlinge Furchasad |Baginning yaar]
Baginning Yaar Braading Cowe, Halfare, B Taarlinge 150 L] 152 152 168 L] 168
Ending Year Hard Size 105 124 123 153 132 132 132
Malghcesd dwg. Cull Rata far Taar N ZTh ZT% ot 24N 6%, T
Weighted Sy, % ¥Weanzd alf Ta T T T T T T
" of Toral Halare Kape far Raplazannarts = =T = = -2 2%, ==
Dparating Ratalpe
Zavzs Sav o A S20,005.353 e R f2 CEE L] =1,200.30 20
ceabive Sull
apital Rerript
LA | e o =LA = AR R RIS LA 7] Tl iy T .|
ol el el LRI LRI bEA Y] el e
e e HuErs)
=l e
I 1=
CHer = S s
SuEqoral Cgite) Ravekas s1z14500|  sizzsas0| swasmas|  s1zossas §12.TEG.6T £12,101.55 §13.084.85
Tots) Beverue | $35,321.14 $32.750.18 | $37,842.40 | $42,793.12 | %44.831.71 S44 91063 $44,004.88
Par Erdivg ' Breeding Gow Reverans $326.50 $203.52 $203.740 $322.79 $337.07 S 1n $330.05
CAsTs
Warighin Cozer
FOoA Teak Costa
Fulzs =21k ve v Flaoarg Seeck) :] 1 2 2 2 2 2
Tartrages FIEC CC iz FiC 00 23100 Fi0 0 3102
Labar are. e e o EE T o <
Faad Coste
7201 127 02
1 o {Fa” e
f zicsc L [ 4 f 1E11E
b I il & Ined
forl Fd frr ey ey
LR Il | 2000 € 2 TED
Subeats! Fard Cort $4,551.17 $5,223.85 $5,420.80 $5,500.03 SEATIRG $5,572.48
Ochar vadabla Cosie
=2ahie Fursmdezs
Tndl o e Jdd 1 =i bR | =l ]
c Trs, T i B B B B B <2.510.00
f- a1 f- a1 1= cdl 11 1= cdl 11 f- a1 w42 1]
liew LeLur
CHer e s Matrr s SR b £ I iR b i B | 3 B
[T RN N FECCCC FECCCC FECCCC FECCCC poc= e ]
AT s A -1 j I PR RS A
Heelziens $2 EZCC f2EL £C fZEICIE TF 20
ke Carnnnnn Idini Idini T4 T4 Idini e
Sl
SUETITAr DEhar Varaeks: SoLT| §14.410.67 §16.074.44 §16.403.66 §16.680.03 E16,7 1055 §16.716.82 S5, 71552
Imtereat Rate on Yariable Corts =] S =10 ] =10 ] LR S% LR
Wt a El El El a El a
Sleare Intcrcsr on Waragks SosTs £1,137.70) £1.217 S0 51 249 45 &1 20550 §1.276.90] 127725 §1.277.34
Produstion Cash Variakle Coats $20,000.45 | $21,518.30 | 2207442 | $22,535.87 S22 A 01 $22,500.85 el ]
FPar Ending ¥r Sreadirg Cowe ¥annkls Conts $185.85 $173.33 $171.38 $180.05 SRS $170.42 S1T042
Mot Boturrer Abave Vannble Cors $15, 22170 [ $41.233.88 | 1570038 | $20,257 45 ey T el | $22,343.08 s B ]
Ending ¥r Greadivg Cowr Returns Ahere Yav, Conts $140.75 $B0.50 $122.41 $152.77 Bl $108.74 SIEEE
SeunarsRg Cast
Purchasad Llussteck |[Bulls & Herees) i i i i LT | i wpeE
Housing # Improvemsnts £ 15112 £ 15112 L5112 L5112 A sS £ 15112 B-F-
Machifary B E4ulpmart T T oo oo EEARIE S b ) EEN R
Retainzd Livestech Included in Herd Planning Sheet]
Tavac E InEUFanca ] ] it IR 1 it EIRAE|
Total Cramerahip Coats $18.500.70 | $10598.70 | $1a5a67p | $18.500.70 515565 $18,580.70 B E ]
For Ending ¥y Erccalig Cal OwkcrL e SoErs §171.68 §149.68 §144.16 §140.04 14024 §140.23 14022
annual Cemar ManagamanoLabar Cosg §1.206.97 §1.250.98 §1.374.46 §1.362.14 £1 35250 §1.3a6a.00 £1 3255
TATAL COETE lass Rasracklng Famalas $I0674.20 | $31.370.07 | $41.007.34 |  $42,350.80 2 AT 40 $42,480.44 HHz4sa
Tatal Mat Ratum less Restockling Fanales [$4,553.08)  [$0,025.84)  [$d,124.68) $338.52 5214951 3242118 2 ACT 83
oF Evdibgg Fr Erroding Sow - Sk & Dwkors e SosTs 1§42.70) |KES.A5) [§32.02) K264 1522 §76.28 1818
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Ranch Investments
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APPENDIX D

NO FAA TESTING 500 HEAD
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Praductsn Infarmatden

Multiyear Budget

¥earinga Furchased (beginning year)

Beginning Year Bre=ding Cowy, Heifer, & Yeadings SO0 528 533 533 TES 533 TS
Ending ruar Hard Slza asz aor 418 408 410 a1 410
Weightad &vq. Cull Rare for Year 20% 2% 10t 21% 2% 21% 21%
Wralghtad AUy 'K Maanad Calr TE%, TG, TGY, TG TG, TER TG,
“n of Tetal Heifers Kept for Replacement= A00%: BS% 7ok FHY% B1% ] A%
Jperating Receipt
Ta ae I b RN R RN S EIRN R
Caphal Racalpre
Tl Zoen FIE T CC 7 CId R FIIEICTL +32,035.1- 10 ZC T20,202.03
Zu Cule f oEZICL F £30CC o0 F o£I0CC 21,352.20) F £30CC 1,352,020
PN e B TR R E R
lice Sxl=z
ZqapriE Saes
Suheoty! Sl Raranuws $40,350.00 $30,000.50)  $28,723.28) $35.4900.70 S5 a4 14 $34,085.01 S, 152 06
Teqar Revenwe| 5124 45050 sozpaset | s11zpoesne | stivssa | s11ayeess | k11469466 S 16075 41
For Encling ¥ Erccaiig Coow FCWsnues ) EZAZ S DT 2 SZET AT 23071 §2ra.29 EZ30 50
CDETE
WKk Sosrs
Fan Tact Coste
SalsTewlec i7a Lerd Tzrning 3=
Cartragas
Lakor =ts.
Ferd Costa
iy A4 SN SN TR
I 535 B
e EERRE 1 RS FEREN
457 e WERY FIEE LTI
=Ttk
Tatd el 22,2211 T2,350.20 FIEZETC T2 AT
=R AT A T =i i I ooy TR L B
NE]]
SUEROFal Food oSt 14 F1255 2T, 12554 1T B0 A AT 19553 §17.233.21 ST 251 45 §17.264.18
Crther Yariable Ceort
ring S rksacs
x 21,732.02 22,0324 et e R F2 047 20 F20Z 22
3o hvE helal =oAL = AN = v Ir=an
Zqap 5 23,3020 23,3220 FEEZZ (C FEEZZCC
=rr Ao = AL I e ana
Li-wsioik &owen eling Sl T2,3530 3 T2 2212 S2,525.03 fa 0 et I 2 ACE TS
“mn Y PALER A SLI EERTINN EERTINT 4 I LNV <4 -1
el & b=l e e B e B 22,230, Z217250 O 2000 Z2,212.20 ]
= I =ELL =] e e T I- o= s Rk Al
Lirwe Har b znoe 21,2000 51,2100 23,2200 23,2001 fozCCCC 22,2101 FCZCCCC
e
Suhtatel Otter Varizhie Cost SRAESAS | WISI9SS | SERAdTTE | SHS0En $84,708.02 S5 5404 $84,630.04
Intaract Rata an wadabla Cosce B.0% B.0%, B.0%. B.0%. S0 B.0%, S0
Tocth: ] [ ] ] a9 [ ]
Simple iterest ar Yesishis Coser $4,452.08 $4,707.37 54,7851 $4,740.15 Sl 5 54,747 .31 5. TS 55|
Praducten Cach Yarlabla Cects sTresmrad | semicmas | ssasmrea | ssmqeceT §B83.TEA.6E £27 50 21 §B3.839.87
Por Exeityg ¥r Brocolng Oow Warkzhiz Sosic SETZ A5 S20 22 S0 02 S0 S §204.64 SR04 T2 §204.36
WeT Ronirns Ahowe Verlchie Costs sasss s | sismEmas | soTmssda | smmsniar §31.079.10 ST0,505 2 §31.736.64
Etaityg ¥r Brccolng Soww Roturns Abauve War, Casie S12024 =14 SR5.TS EEZ 24 §IG.TT TG0 §TE.14

Oy thip Cord

Purcha=ed Liweatock (Bulls 3 Hore=]

Hauzlhng & Impravamarts

Mazhinery & Equipment

RAstalfed Livastack fIncludad Ik Hard Planning Shast)

CEC

Taxes & Inaurance FIELECC 22,3332 FIELECC
Tetal Qwnarshlp Costs §42.633.88 SAZ ST S §42.643.88

Por Eralirg rr Breeding Cow Cwnersiip Co=erl $103.88 S10z £103.700

Annual vner Managememilaber Cosy ez e A SROT225 G502 55 $5,025.81 SRS $5,030.38

TOTAL COSTS less Resteching Femaleal G SAS52 | SAP0ESTAS | S132,15257 | E131,711.00 §131.333.26 E1Z1 A5 24 §131.414.14

Tetal bet Fetarn |2 5= Restecking Femalea tsiatsse)| ezoooes| eoreres| sizsceot)|  9EGanEs| sisTocss)|  §6.33ETaE)

‘e Eading ¥r Breedieg Cors — Crrh & Ownersiip Coser P g $ETE ) L e=2=0l| = AT E0. 385 0.3 [F38.83y
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Ranch Investments
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APPENDIX E

PARTIAL FAA TESTING 500 HEAD

Herd Planning
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Frodustlah Infaniaclah

Multiyear Budget

Yearlings Purshased [heginning vear]

E=ginning fear Ereading Covs, Heifers. 3 Yearlings 00 2T =27 27 527 2T 537
Ending Taar Hard Slza 5 A0S = AT a4z iz 442
Weighted Bxg. Sull Rate for ¥ear i} T 214 2T T 24 25
Malyhrad avg. ¥ Waanad Cal - TR -2 =1 TR TG, -1
% of Total Heifers Kept for Replacemerts 100 = v T Ly Ey 51% Ere )
Crperating Reazipts
[ TEERETS EEOR T S TR N T E S E | By RS B o T B | B R EE Y | A} [ SR
tradres e
Coplcal Racalpts
Al T fiie: e | e e e e | I e B O | e =T | 02 7 213312 1 21227
Zal Zals 21,325,200 1,352.00 21,325.00 F EZICC 21,325,200 F EZZCC
Cle R N Y]
I2 Saes
Crvivie LExls
Lerv Sxlaz
Sl e Tier Gws, Daen
Suigueni Capitsl Reverue HESATILO[ HSSO0)  sRis1 eS| SSAsA $30,0844.17 =825 $43,147.53
Tats) Reverwe| §124.806.88 | §103.249.18 | §116.606.27 | §130.66.69 | K191.696.27 | S14=14507 | §149.262.73
Par Ebefityg ¥r Brecolng Sow Revesaes §366.03 §264.48 §278.57 §ane.a8 §3z0.29 T4 §3ar.oa
CasTS
Vil Casts
Fis Tast Cagts
Cule Tzzzd P v Clarne €1 el 12 B a a
Cartrages Ledi 11 arn i an AN
Labar ete, F1zC CC 2 Z0C fz CCC 21200
Frad Couts
ki e o T RS
C TEICC 1€ ZE 70,05
d fdnoebr e e EEREER T
700 T L2020 fe o ]
f2£26 12 filz € 204 11 I CCEd Z3,1202.32
rrizrert 1 . b LT IS Foodi= MO
Euhtats) Faod SosT §14.739.74 | §I7.073.61| KIT.OB.G2 | K17.874.66 S1251557 §1E.6HE.10 E1EEEE
ther Variakle Goaks
"":-'|1r|’_. FLE RS
Al Tl L= fzCZCE fiCez 7 fz JEZE i | = F fz ozl el S3,201.03
LN R AR N A LA Ly | Lezun feman e tezuinn =oAL Lezunn =oAL
Cevivien L FEEZZ CC fEEZZ (L FEEIZCC FEEZZ CC FEEZZ CC T332
Five T aoarn aarn o Iann aoarn I
Ukl EENENE N L Fy R T fiE7z C fzzl€ < friT s fzCzid flaedd 2203
LR N P b = I=1nn - = =1 LEAIINT
EERC E il O ft 112 FCOIECET f < CE FOCIz CC S2,00053
o F AP T p R I tran LS frreen EE TR
ERFLRE) FI 0o CC izl flzlC ozl C +2,200.00 FlzCCCl S2,220.00
Saizmeni Oehor Vanniba Core $50,320.88 $484,348.08 $42,230.34 $42,032.70 g N $43,0A5.15 HOESET
Ivtarast Rate &0 Yarlabla Cocts a0 2% T3 0% B.0%: 0% B.0%:
ders ] 9 9 ) ] ) B
Simpie tarant oa Wannble Cons S ddd 79 S 705 15 S TH0 ST S Al T $4,846.00 R | $4d,054.52
Fraguation Cash Vanaela Casie GTE.621.00 | KB3.124.89 | KBA.638.76 | KHG.JET.18 EET 425 21 §A7.603.26 EET SEa S
For Ending ¥y Brcoalbg Cavs Vanmaek Sosts k274.03 §204.88 §202.28 k200.74 197 52 §138.13 12218
Mot Roturns ABntd VNI Sokns §6.2BT.BE | §20.124.29 | §31.967.61 | §44.734.60 EO4ET1 05 §E0.E41.81 61,722
Ending ¥¥ Brcoeitg Covs Fomerns Abowe Var, Sosrs §132.06 §45.50 §76.a0 §0a.ra S1ZEET [ZELET] 17877
Cwnershin Cazt
Purchassd Livesterh [Bully & Heorsea) 21,072.33
] .

Haouelng E lnproWaliante

[lachiner; & Equipment o A
Ratalnad Livastsck |Includad In Hard Flanking Shaac|

Taxes & Insurance FIELECC I ELE (L FIELECC FIELECC FIELECC +2,335.00

Tatal Crahatshlp Coste §42.043.88 | §42.643.88 | §42.043.88 | §42.043.88 §42.043.88 AT ES

Bar Ending ¥r Sraading Cow Orparship Cons $121.38 $104.08 $101.87 $00.560 $04.33 a2

Annual Camer lanag=ment/Lakor Coat $4,711.28 $4,067.48 $5,070.33 $5,148.03 SE24E 51 $5,2590.20 SE25Te

TOTAL ZOSTS leaa Reatocking Females|  §126.776.14 | §130.66E.26 | §132.260.896 | §133.467.10 | 12024455 | §136.087.33 | S126726.065

Total et Return lmas Reatocking Females |§867.26)| |627.407.08)| |K16.664.69)  [§2.840.47) 541 5T §12.8a5.74 E1FEETAT

or Erairg v Broeding Cow - Casfe & Orrarrhip Cons 2.7} [$87.55) $37.41) [$8.88) S1455 $20.08 55156
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APPENDIX F
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Multiyear Budget

Fraductlon Infannaclan
Yearlings Purshased [heginning vear]
E=ginning fear Ereading Covs, Heifers. 3 Yearlings 00 2T =27 27 527 2T 537
Ending Taar Hard Slza 5 414 A0 iz a4z iz 442
Weighted &g, Sull Rate for ¥ear iy ) ZFh 21% g} % 25% 25
Malyhrad avg. ¥ Waanad Cal - TR -2 =1 TR TG, -1
% of Total Heifers Kept for Replacemerts 100 iy L] T ol 52%. Ere )
Crperating Reazipts
[ TEERETS EEOR T It R B RV ETS BT N EER ] B A NI T I | BT IS | R I A N B VR
tradres e
Coplcal Racalpts
Al T TR0 2200 M5 22003 F1IC 152 € 152332 1 17265
Zal Zals 21,325,200 1,325.00 21,325.00 21,325,020 F EZICC 21,325,200 F EZZCC
Cle R N Y]
I2 Saes
Crvivie LExls
Lerv Sxlaz
Sl e Tier Gws, Daen
Suigueni Capitsl Reverue HESATILO| SASO|  SRTAE| SRS $42,078.19 HIAHES $43,100.85
Tats) Reverwe| §124.806.88 | §106.413.94 | §124.847.41 | §142.396.78 | §196.368.40 | 14926205 | §145.207.38
Par Ebefityg ¥r Brecolng Sow Revesaes §366.03 §26T.16 §290.26 §3z1.67 §336.02 STV 2 §3ar.ez
CasTS
Vil Casts
Fis Tast Cagts
Cule Tzzzd P v Clarne €1 el 24 2 L] a g
Cartrages e i an A
Labar ete, FCICCC fioCC fz CCC 17500
Frad Couts
ki e Poaaar IR
C FIEEZ: TR
d EEITRE i EEESE
fEC 7 L0141 FLIEZC ZI5153
f:IlCE f2E00 02 23,1203 Z2,122.30
rrizrert i: b IS BT ErN] EE- |
Euhtats) Faod SosT §14.739.74 | §7.474.68 | §18.101.30 | §1B.E10.88 1555040 §16.CHE.EH E1EmER 51
ther Variakle Goaks
"":-'|1r|’_. FLE RS
Al Tl f izl fiCEE < fr ICT: fi: ZE foalCot S3,201.00
LN R AR N A LA Ly | Lezun feman e tezuinn Lezunn =oAL
Cevivien L FEEZZ CC fEEZZ (L FEEIZCC FEEZZ CC FEEZZ CC T332
Five T aoarn aarn o Iann aoarn I
Ukl EENENE N L Fy R T fiE7z C fzz7C C fz7 C1E FICC1TC | Eefielng 1 S2,220.00
LR N P b = I=1nn - = =1 LEAIINT
EERC E il O oz C FOECZCY FOC1Z CE L2 S2,00052
o b R N e e e EEE T
ERFLRE) FI 0o CC izl flzlC ozl C +2,200.00 FlzCCCl S2,220.00
Saizmeni Oehor Vanniba Core $50,320.88 $84,782.22 $42,048.02 $43,088.15 S $43,008.45 SESAET A
Ivtarast Rate &0 Yarlabla Cocts a0 2% T3 0% B.0%: 0% B.0%:
ders ] 9 9 ) ] ) B
Simpie tarant oa Wannble Cons S ddd 79 SdTa151 e S AdE T $4,853.30] S and 51 $d,054.45]
Fraguation Cash Vanaela Casie GTE.621.00 | KE3.946.62 | KBG.973.23 | KAT.421.78 EET O0E2 §A7.629.53 EET SEE ST
For Ending ¥y Brcoalbg Cavs Vanmaek Sosts k274.03 §202.86 §193.73 k19769 S15E.14 §138.18 12T
Mot Roturns ABntd VNI Sokns §6.2BT.BH | §22.471.33 | §38.934.718 | KG63.5478.00 50,200,065 §61.722.43 261 ETEE
Ending ¥¥ Brcoeitg Covs Fomerns Abowe Var, Sosrs §132.06 §64.20 §50.61 §124.18 1T TE §133.70 17050
Cwnershin Cazt
Purchassd Livesterh [Bully & Heorsea) Z4C Z1,512.30 1,512.30
Hnu:lng E ||||pm'.-n|||nm:l. - =11 B =1 A
[lachiner; & Equipment FTTICEC b IR By o A
Ratalnad Livastsck |Includad In Hard Flanking Shaac|
Taxes & Insurance FIELECC I ELE (L FIELECC FIELECC +2,335.00 FIELECC +2,335.00
Tatal Crahatshlp Coste §42.EB3.90 | §42.683.90 | §42.6B3.80 | §42.EBA.80 | s4zSETs0 | §42.EBASD SAESET S0
Bar Ending ¥r Sraading Cow Orparship Cons $121.78 $103.14 $00.23 $04.51 B ED $0d.94 S
Annual Camer lanag=ment/Lakor Coat $4,711.28 $5,034.92 $5,154.78 $5,245.87 SE2E0E0 $5,251.78 SE251T
TOTAL ZOSTS leaa Reatocking Females|  §126.816.96 | §121.665.43 | §133.761.92 | §136.367.34 | 12044274 | §130.466.31 | 13045442
Total et Return lmas Reatocking Females 1§1.107.28)| |§26.248.49;(  |§B.304.67; §E.988.34 S1291655 §13.7HE.TE 1T TAT20
or Erairg v Broeding Cow - Casfe & Orrarrhip Cons $3.18) #8101 $20.70) $15.60 224 $31.24 5112
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APPENDIX G

NO FAA TESTING 1500 HEAD
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Multiyear Budget

Produstion Information
Taarlinge Furchasad |Baginning yaar]

Baginning Yaar Braading Cowe, Halfare, B Taarlinge 500 hl== ] hl==] hl==] IGE6 1555 IGE6
Ending Year Herd Size == 12 125 122 1224 1223 1224
Malghcesd dwg. Cull Rata far Taar sy IR 20 Zi'% 21 1% 21
Weighted Sy, % ¥Weanzd alf Ta T T T T T T
" of Toral Halare Kape far Raplazannarts 100 == i 0 =g an%. =g
Dparatihg Rasalpie
Zavzs Sav SMIERRE AEFIRAY S 205T35 S 2p-300 fRIESSCIY) SX0MD-- 22800 15
ceabive Sull
apital Rerript
LA | e o I PR | < RN
ol =2 A =
e e HuErs)
=k A

I B
CHer =rvrn 255 ars

SUETOTAl Caaits) Foviak e F1Z7 200001 5114077 50 22152809 5107011 52 §106.319.84 E100 T4 52 §104.967.62

Tote) Bpverue | $345,725.83 | $300,655.32 | $330,000.44 | $340,481.21 | 34207018 | S5 18625 | $344,020.07

Par Erdivg ' Breeding Gow Reverans $317.47 $251.50 $272.80 $205.80 5270.50 gkl 520025
CAsTs
Warighin Cozer
FOoA Teak Costa
Fulzs =21k ve v Flaoarg Seeck)
Cartrages
Labesr are.
Faad Coste
$271E £ F120E CC i b ek #1226 TE
1 T e EEN e 1o
fozeCis f 1CE 13.»1.07 f ICET 0
| SRR I-d <A ST
forronr o jE A j EERRES LS AT
f U0 fiLNE72 | FCCE ZE S212555 fil EC e N R

Swheatel Feed Coxt| $45,027.30 | 5104008 |  $52.431.20 |  $51,445.34 S5 61019 $51,708.5 S Bnadd

Ochar vadabla Cosie
=2ahie Fursmdezs

T dde 11 oo I oo AR I od-ed S
c Trs, T i @ [CCC @ [CCC D [CCC D [CCC =22,120.00 @ [CCC S22
foorann foorann fooeann fooeann AN foc i RN
|irer Lrbur FE2 CCOC| FEZ COCC| F62 CCCC | FEZ CCCC =32,120.02 fE2 CCCC b e o ]
CHer e s Maderrn O Todene e - bR ] Trwe oo AL b S R Rt |
[T RN N L CCCCC L CCCCC FECCCCC FECCCCC 3,020,710 L CCCCC
U L R ] frdian el fravmrs | feddn o s ] frded
Heelziens f2 TOCEC | FIAEMCSC | F21€ CEZ | F2115C(2 =¥ ,521003 21551 7 ¥ 55100
ke Carnnnnn - - = = =4I - =40
Sl
Sueqoqal Other vamaeke Cosr|  §290.602.07 | §296.168.0 | §297.696.66 | §216.639.78 | sZiesmors | §2iETEEAT S215,7EE.20
Imtereat Rate on Yariable Corts =] S =10 ] =10 ] LR S% LR
Wt a El El El a El a
Sleare Intcrcsr on Waragks SosTs E152T9.TE S15,050.54 S15, 159551 S15.055. 11 §16.096. 86| E15, 10550 §1E.104.70

Production Cash Variakle Coate|  $271,700.07 | $264,084.07 | $208,143.89 | $204470.23 | SE45TT09 | $2604,804.18 S 516

FPar Ending ¥r Sreadirg Cowe ¥annkls Conts $240.50 $230.58 $22p.80 $232.45 SE1ES $231.83 s=10T
Mot Boturrer Abave Vannble Cors $74,040.50 | $2579030 | $53742.84 | $45200.08 SRS 00 T $508,567.07 RS2
Ending ¥r Greadivg Cowr Returns Ahere Yav, Conts $07.87 $20.81 $43.13 $53.41 =T $d47.08 54D

SeunarsRg Cast

Purchasad Livastsck |Bullz & Hereas) - ded e - ded e - - ~EEE A - ded e “AEEA

Hou=ing & Improvements FIZ£EC LD FIZ£EC LD FIZELC LD FIZELC LD Z52,332.30 FIZ£EC LD S52,330.30

Machikaky B E4UIpmort frroon el | tEEoon | g A | e -1 EETIERAFEY B TSN -1 RIS
Retainzd Livestech Included in Herd Planning Sheet]

Taeas B INEUFIncG frod frod T E o d IR fr i r S

Total Cramerahip Couts $00,305.08 $00,305.08 $00, 305,08 $00, 305,08 SRS $00,305.08 S

For Enading ¥ Erecarig Cavr Ouwers il SosTs §51.25 §ED.ET §7o.77 §B1.30 2104 §ED.BY 2055

annual Cemar ManagamanoLabar Cosg §16.302.64 §17.046.70 §17.166.67 §17.060.21 EAT 52 5T §17.076.07 E4T 0705

TOTAL CDETE lass Rastocking Fallalae) — $367 30780 | $300,520.84 | $402 800,29 | $J00,808.49 | 40000544 | $404,083.24 SO0 57 55

Tatal Mat Ratum less Restockling Fanales 31871873 0871200 A2 04T (451145220  (SET SR (457674800 505 add. 255
¥ Eribg ¥r Erscoing Sow - Cask & Owksrs e SosTs 1k26.273 1§73.50; [LI1ERN [LERN:ER 14T 26 [LELATN 452
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APPENDIX H

PARTIAL FAA TESTING 1500 HEAD

Herd Planning
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Multiyear Budget
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APPENDIX |

COMPLETE FAA TESTING 1500 HEAD

Herd Planning
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