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Abstract

The technology is now an days an important tool for many fields. A good use of technology
is capable of helping dairy farmers to produce more and better, hence increase the
incomes. This good use is described as precision dairy farming. Reproduction is one of
the most important areas in the farm. Dairy farmers need to have the cows becoming
pregnant and calving in order to keep producing and selling milk. A smart use of
monitoring indexes on reproductive management can lead to the greater rates. One of
the most important rates is pregnancy rate (PR). There are many factors that can
influence PR in dairy cows. Some of this factors are body condition score (BCS) at
calving, loss of BCS after calving, infections and uterine involution, anovular condition,
heat stress, estrous detection efficiency and use of manipulation of estrous cycle using
hormones, as in fixed-time artificial insemination (FTAI). Currently there are many studies
in this topics with alternatives to improve the herd reproductive management and work
around these problems that will be suggested in this review. Some of this alternatives are:
the intensification of reproductive management to increase number of animals
inseminated (service rate - SR); use of FTAI protocols to synchronize cows and increase
pregnancy per artificial insemination (P/Al), prevent health problems and a good
management of nutrition especially during transition period. Furthermore, all of this

options are affordable, when the incomes that they provided are taking in consideration.
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Resumen

La tecnologia es hoy en dia una herramienta importante para muchos campos. Un buen
uso de la tecnologia es capaz de ayudar a los productores de leche a producir mas y
mejor, por lo tanto, aumentar los ingresos. Este buen uso es descrito como lecheria de
precision. La reproduccion es una de las areas mas importantes de la finca. Los
productores de leche necesitan que las vacas se queden embarazadas y paren para
poder seguir produciendo y vendiendo leche. Un uso inteligente de los indices de
monitoreo en la gestidon reproductiva puede llevar a tasas mas altas. Una de las tasas
m4és importantes es la tasa de embarazo (RP). Hay muchos factores que pueden influir
en las relaciones publicas en las vacas lecheras. Algunos de estos factores son la
puntuacién de la condicidon corporal (BCS) al momento del parto, la pérdida de BCS
después del parto, las infecciones y la involucion uterina, la condicion anovular, el estrés
por calor, la eficiencia de deteccién de estro y el uso de la manipulacién del ciclo estral
utilizando hormonas, como en el tiempo fijo. Inseminacién (ALCA). Actualmente hay
muchos estudios en este tema con alternativas para mejorar el manejo reproductivo del
hato y solucionar estos problemas que se sugerirdn en esta revisién. Algunas de estas
alternativas son: la intensificacién del manejo reproductivo para aumentar el nUmero de
animales inseminados (tasa de servicio - SR); el uso de los protocolos FTAI para
sincronizar las vacas y aumentar el embarazo por inseminacion artificial (P / Al), prevenir
problemas de salud y un buen manejo de la nutricidon, especialmente durante el periodo
de transicion. Ademas, todas estas opciones son asequibles, cuando los ingresos que
proporcionaron se toman en consideracion.

Palabras claves: ganaderia lechera de precisién, vacas prefiadas, manejo reproductivo,
puntaje de condicién corporal, condicién de anovulacion, estrés por calor, eficiencia de

detecciéon de estro.
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Introduction

Precision Dairy Farming is the use of technologies to measure physiological,
behavioral, and production indicators on individual animals to improve management
strategies and farm performance. The main objectives of Precision Dairy Farming are
maximizing individual animal potential, early detection of diseases, and minimizing the
use of medication through preventive health measures. Perceived benefits of Precision
Dairy Farming technologies include increased efficiency, reduced costs, improved
product quality, minimized adverse environmental impacts, and improved animal health
and well-being (Bewley, 2010). Ward (1990) listed three benefits to investment in
technology: 1) substitutive, replacing human power with machine power, 2)
complementary, improving productivity and employee effectiveness through new ways of
accomplishing tasks, and 3) innovative, obtaining a competitive edge. In addition to
impacts on production, many technologies may also change milk composition,
reproductive efficiency, and disease incidences (Galligan and Groenendaal, 2001).

Reproduction can have a multiple impacts on a farm, from altering culling policies,
increasing retention of better replacements, moving primiparous cows into a more
productive 2nd lactation, and improving milk production (Ribeiro et al., 2012). Culling and
replacement policies also have a tremendous impact on profitability of the herd, and both
are associated with reproductive efficiency. Improvements in reproduction result in
greater flexibility in these policies and allow managers to take programmed decisions
based on economic aspects rather than biological considerations (Groenendaal et al.,
2004). Reproductive inefficiency increases cost per pregnhancy, increases retention of
low-producing cows because of their pregnancy status, and reduces the number of
replacements, which diminishes the gain in genetic merit of the herd. Maintaining the
same replacement pressure when reproduction is poor becomes, in many cases, costly
and risky as it requires purchase of heifers that may be of lower genetic merit and results
in breaks of biosecurity (Ribeiro et al., 2012).

This review aims to bring up most recent concepts and studies that can be a guide
for producers to have better management of reproduction in their farms, keeping in mind

the economic impact of new techniques on farm budget. In addition, describe what was
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already done and what still need to be studied regarding the most important barriers in

reproduction of dairy cows.

Overview of reproductive performance in dairy cattle

In order to have a good productive and reproductive performance is necessary to
reduce especially the calving interval (Cl). The CI can be improved by intensive
reproductive management with the cows, through the use of biotechnologies such as
artificial insemination (Al). It leads to more cows becoming preghant sooner after the
voluntary waiting period (VWP) and an increase in service rate (SR). Service rate is
defined as the percentage of the non-pregnant cows in the farm that are inseminated.
When SR is multiplied by conception rate (CR) results in a most complete indexes for
evaluating the reproductive efficiency in a dairy farm, the pregnancy rate (PR).

Pregnancy rate is defined as the percentage of non-pregnant cows that become
pregnantduring each 21-d period. The PR allows herd managers to know how soon cows
become pregnant after having a calf. Many reproductive specialists prefer use PR as an
indicator of reproductive success because PR is easily defined and available sooner and
because non-pregnant cows and SR are factored into its calculation (VanRaden et al.,
2004, Norman et al., 2009)

It is been noted that high producing dairy cows have presented a progressive
increase in reproductive problems, apparently due to multifactorial causes (Lucy, 2001).
The most suitable reason, in which was believed for a long time is the increase in milk
production by itself, associated with the increase in feed intake. Multiple studies have
demonstrated negative effect of the increase in milk production and reproductive
efficiency in dairy cows (Royal et al., 2000, Lucy, 2001, Washburn et al., 2002). The CR
during the forties and fifties was over 50% (Barrett and Casida, 1946, Casida, 1961,
Mares et al., 1961), approximately 50% in the seventies (Macmillan and Watson, 1975,
Spalding etal., 1975, Washburn etal., 2002) and 40% in the nineties (Schmittetal., 1996,
Pursley et al.,, 1997b, Washburn et al., 2002). Nowadays the CR reported have being
under 40% (Negrao etal., 2002, L6pez-Gatius, 2003, Sartori et al., 2006, Vasconcelos et
al., 2006). However, this affirmation has been demystified for new data in well-managed

large farms.
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A personal communication kindly provided by Prof. Dr. Paul Fricke and Milo
Wiltbank, related to the Dairy Cattle Research Center of University of Wisconsin, reported
great data in reproductive efficiency even in high producing dairy cows. They used data
from 538 lactating dairy cows with milk production of 99 Ib/day/cow on average (2 times
milking) during the year of 2015. The average of P/Al were 47% with SR of 66% and PR
31%, having the first three inseminations from 76 to 176 DIM. This data indicates that is
possible have higher production and nevertheless, present greatindexes for reproductive
performance.

Regarding Brazilian overview of dairy farms, data generated by the GERAR group
(Specialized Group in Applied Reproduction to the Herd; created by a partnership
between the School of Veterinary Medicine and Animal Science, Sado Paulo State
University in Botucatu, and Zoetis, Sdo Paulo), evaluated data from Brazilian farms. A
total of 71,738 cows (42,894 multiparous and 28,844 primiparous), have shown an
average of 30% P/AIl for multiparous and 35% for primiparous. The same group evaluated
PR in dairy farms in all different regions of Brazil. For important regions of milk producers,
the PR ranged from 9 to 34%. On the other hand, data from US herds, considering
Holstein dairy cows, reported as having 30% P/Al average on first breeding, stable in this
value since 1996, being 34% in 2006. Furthermore, in the same year, the PR reported
was 24.9% on average (Norman et al., 2009). Since PR depends upon the SR and P/Al,
they showed that the factor that can more easily help to improve the PR is SR. In other
words, achieve a PR greater than 15%in the farm, is necessary to have at least 50% in
SR, even considering the P/Al on average of 30%. The most suitable alternative that have
being used to intensify the reproductive management, increasing service rate after partum

is the fixed time artificial insemination (FTAI) (Pursley et al., 1995).

Estrous detection in dairy cattle

Duration of the estrous cycle in dairy cattle is directly related to the category
(heifers, primiparous and lactating cows) and to the level of milk production. Studies using
HeatWatch, which allows continuous estrous detection 24h a day, compared heifers and
lactating cows. The authors demonstrated that heifers present more time of estrous

behavior than cows (11 vs 7 hours), and looking at the whole picture, 60% of the cows
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presented less than 8 hours (Nebel et al., 1997). Other studies also showed this same
results for cows housed in free stalls (Dransfield et al., 1998, At-Taras and Spahr, 2001)
and pasture (Dransfield et al., 1998, Xu et al., 1998).

Later, in a well-designed study, Lopez et al.(2004) evaluated different milk
production levels and estrous behavior. Their analyses included simple ovulations
(n=350), except first ovulation postpartum and for milk production, was used data from
10 days before estrous. Cows with >39.5 kg/milk/day (high production) presented less
time (6.2 vs 10.9 hours) and intensity of estrous (6.3 vs 8.8 mounts) than low production
cows (<39.5 kg/milk/day). In addition, low production cows had greater circulating
estradiol than high production (8.6 vs 6.5 pg/mL) but smaller ovulatory follicle (17.4 + 0.2
vs 18.6 £ 0.3 mm). For all this reasons, a reproductive management based on only
estrous detection on the first service postpartum can lead to lower SR, not because of
human failure in detect the estrous behavior, but because the physiology of high
production dairy cows. However, the use of FTAI can help to diminish the effect of the
physiology on reproduction efficiency:

The FTAI have been reported as having high ovulation rate at the end of the
protocol (78%), and from that group, 49% became pregnant. Furthermore, cows that
properly synchronized to the protocol, emerging new follicular wave, regressing the CL
before Al and ovulating at the end, had even greater P/Al (56%) (Monteiro Jr et al.,
2015a). The P/Al, as one of the factors composing the PR, can impact directly improving
this rate. In addition, since the cows are synchronized, not pregnant, they will show
estrous before the diagnoses (21 to 23 days after Al) which can be detected and the cow

re-inseminated, increasing the SR and decreasing days open.

Anovulatory condition

One major problem in dairy herds is the incidence of cows that have notresumed
ovulation by the end of the voluntary waiting period, termed anovular cows. Incidence of
anovular cows averages ~24% in US high-producing dairy herds (Bamber et al., 2009,
Santos et al., 2009b). Anovular cows have impaired reproductive performance because
of reduced insemination risk in herds breeding to estrus and reductions in P/Al and

increased pregnancy loss compared with cows in diestrus regardless of the reproductive
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program used (Santos et al.,, 2009b). A portion of reduced fertility in anovular cows is
attributed to development of the ovulatory follicle under low concentrations of
progesterone (Gumen and Wiltbank, 2005).

There are different phenotypes of anovular dairy cattle. The no dominant follicle
anovular phenotype, is rarely observed (~1 in 1,000 cows) and is characterized by
maximal growth of the largest follicle to a size that is less than deviation (< 8 mm)
(Wiltbank etal., 2002, Gumen et al., 2003, Lopez et al., 2005). The small dominant follicle
anovular phenotype, is characterized by growth of dominant follicles (>8 mm) but not to
ovular size. This resembles prepubertal anovulation (Adams et al., 1994, Evans et al.,
1994) and postpartum anovulation in suckled beef cows or undernourished dairy cows
(Beam and Butler, 1997, Crowe et al., 1998, Beam and Butler, 1999, Salfen et al., 2001,
Evans, 2003). Follicles do not grow to preovulatory size or have insufficient circulating E2
to initiate estrus, GnRH/LH surge, and ovulation. The large anovular follicle phenotype
can be classified into two different phenotypes, based on maximal size of the anovular
follicles (Wiltbank et al., 2002). Cows with follicular cysts have been discussed for many
years and are obvious due to the large diameter of the anovular follicles (>25 mm). The
ovaries are not static in cows with follicular cysts and new follicular waves are observed
in the presence of these large follicular structures (Cook et al., 1990, Cook et al., 1991,
Gumen etal., 2002, Gumen and Wiltbank, 2002). The other type of large anovular follicle
phenotype is characterized by growth of an ovulatory size follicle (generally 18-22 mm),
high circulating E2, but lack of ovulation (Gumen and Wiltbank, 2002, Wiltbank et al.,
2002, Gumen et al., 2003)

A study that evaluated prevalence and heritability of anovulation using data from
13 different studies with a total of 5,818 lactating dairy cows (Bamber et al., 2009), found
that incidence of anovulation at ~65 days after calving was 23.3% using transrectal
ultrasound of ovaries and measurements of circulating P4. Heritability was moderate
(0.160 to 0.192, according to model) consistent with another large (3,282 records) study
(0.16; (Royal et al., 2002)). Although body condition score (BCS) was not found to be a
good diagnostic for anovulation, there was a modest phenotypic correlation (-0.192)

between BCS and anovulation (Bamber et al., 2009). In most studies, the relationship
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between milk production and anovulation was small or insignificant (Wiltbank etal., 2002,
Lopez et al., 2005, Bamber et al., 2009, Santos et al., 2009b).

Fertility is much lower in lactating cows (P/Al of 25-40%) than heifers (P/Al of 60-
65%) or non-lactating cows (60-65%)(Lucy, 2001, Sartori et al., 2002, Wiltbank et al.,
2011). Programs that synchronize ovulation and allow timed Al have been developed to
improve insemination rates. In the early studies of Ovsynch it was observed that it
increased service rate but did not alter P/Al (Pursley et al., 1995, Pursley et al., 1997a,
Pursley et al., 1997b). A recent systematic review of the literature with 71 comparisons in
53 research papers (Rabiee et al., 2005) concluded the P/Al obtained following
synchronized estrus with prostaglandin ora combination of GnRH and prostaglandin were
comparable to those using timed Al following Ovsynch. These findings show that FTAI
can benefit dairy operations by allowing more cows to be inseminated using timed Al
without compromising P/AI.

A study performed in a large farm in Brazil evaluated incidence and risk factors
associated with anovulation in lactating dairy cows (Monteiro Jr et al., 2017). Holstein
cows (Primiparous = 357 and multiparous = 585), producing 43.6 + 11.0 kg/d of milk, had
28.5% (268/942) reported as incidence of anovulation. The distribution of phenotypes
was 4.1% (11/268), 27.6% (74/268), 59.7% (160/268), and 8.6% (23/268) for 4 to 8 mm,
9to 14 mm, 15 to 24 mm, and 25 mm, respectively. An interesting thing, is that there was
no difference in pregnancy per Al (P/Al) on d 60 of cows inseminated after estrus
detection between anovular and cyclic cows (16.7% [8/48] vs. 18.1% [62/342],
respectively), but a lower proportion of anovular cows was inseminated by estrus
detection (27.1% [49/181] vs. 63.5% [344/542]). Nevertheless, when inseminated by
FTAI, anovular cows had lower P/Al on d 60 than cyclic cows (16.3% [22/135] vs. 25.6
[50/195]) and, regardless of Al type, anovular cows were inseminated later (73.0 vs. 62.0
DIM) than cyclic cows. This results agreed with the importance of the intensification in
reproductive management, which can help to reestablish the ciclicity in cows that would

not be able to show estrous by itself.

Body condition effect on conception rate
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One of the factors that can influence PR in dairy cattle is the body condition score
(BCS) at calving, the loss of BCS on postpartum. It is known that a small number of
crossbred cows with lower BCS at calving returned to estrous and had lower fertility after
calving (Ruas et al., 2004). Similarly, Holstein cows that lose more BCS on first weeks
after partum presented lower reproductive efficiency (Butler and Smith, 1989).

An important evidence that BCS influences P/Al was evidenced by some authors
that classified the loss of -0.75 in a one to five-point scale as excessive loss, -0.5
moderate loss, no change and gained BCS as +0.25 (Chebel et al.,, 2018). They
compared from day of dry-off to parturition and described that loss of BCS during the dry
period was associated with reduced likelihood of pregnancy after the first and second
postpartum inseminations. In addition, loss of BCS during the dry period was a
predisposing factor associated with health disorder, while cows that gained had greater
yield of milk, fat and protein, but reduced somatic cells in subsequent lactation.

A recent study performed in Brazil confirmed this evidences (Barletta et al., 2017).
Using 232 lactating Holstein cows in a retrospective cohort study. Cows were assessed
for BCS at specific days in relation to calving (-21, -7, 7 and 21) and were grouped
according to changes in BCS (lost, maintained and gained). They reported that changes
in BCS affected (P<0.01) P/Al, days to first ovulation, and percentage of cyclic cows at
50 DIM. At 30 after TAI, P/Al was lower for cows that lost BCS (d30 = 18%, 21/115) and
maintained (33%, 26/80) comparing to cows that gained (47%, 32/68). The percentage
of cows cycling at 50 DIM also differed among experimental groups, and was greatest for
cows that gained BCS (100%; 69/69), intermediate for cows that maintained BCS (94.4%;
51/54), and least for cows that lost BCS (81.1%;99/122). Nevertheless, days in milk at
first postpartum ovulation was lower for cows that gained BCS, intermediate for cows that
maintained BCS, and greater for cows that lost BCS (Barletta et al., 2017).

Other previous studies in United States agreed with this data. Carvalho et al.
(2014) retrospectively analyzed the relationship between energy status and fertility in
dairy cattle was compared near Al, early post-partum changes in BCS and postpartum
changes in body weight (BW). Regarding near Al, most cows (93%) were cycling at
initiation of the breeding Ovsynch protocol (first GnRH injection) at 53 + 3 DIM. A lower
P/Al was found in cows with lower (£2.50) versus higher (22.75) BCS (40.4 vs. 49.2%).
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The second experiment from the same study used lactating cows from 2 commercial
dairies. The BCS change was evaluated from calving until the third week postpartum.
Overall, P/Al at 70-d pregnancy diagnosis differed dramatically by BCS change and was
least for cows that lost BCS (22.8%, 180/789), intermediate for cows that maintained
(36.0%, 243/675), and greatest for cows that gained (78.3%, 331/423). Interestingly, in
the third experiment, evaluating BW from first to ninth, cows that most lose weight
presented more degenerated embryos.

Thus the nutrition management of cows on dry period and immediately post-
partum should have an extra care, in order to have cows calving with adequate BCS in

order to maintain as much as possible on post-partum.

Diseases influencing the conception rate

Another strategy of management during peri-partum should focused on reduce the
cows stress. The increase in stress levels during this period is positive correlated with the
incidence of post-partum diseases such as retained fetal membranes.

A sharp increase in nutrient requirements generally occurs at the onset of lactation,
when feed intake is usually depressed, which causes extensive mobilization of body
tissues, particularly body fat, but also AA, minerals, and vitamins (Santos et al., 2011).
Despite orchestrated homeostatic controls and homeorhetic adjustments to handle with
the changes in metabolism caused by milk production, 40 to 70% of dairy cows across
different levels of milk production, breeds, and management systems develop metabolic
or infectious diseases in the first months of lactation (Santos et al., 2011, Ribeiro et al.,
2013).

Ribeiro et al (2013) demonstrated that clinical and subclinical diseases had
additive negative effects on reproduction, delaying resumption of estrous cyclicity and
reducing pregnancy per Al (P/Al). Occurrence of multiple diseases further reduced
reproductive efficiency compared with a single disease. Individually, subclinical
hypocalcemia, elevated NEFA concentration, metritis, and respiratory and digestive
problems reduced estrous cyclicity by d 49 postpartum. A Brazilian study corroborate this

data, showing that healthy cows where less reported as developing anovular condition,
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while one disease had intermediate incidence and multiple diseases had much greater
number of anovular cows (Monteiro Jr et al., 2017).

Many other studies have reported that health problems are directly associated to
BCS changes before and after calving (Barletta etal., 2017, Chebeletal., 2018). Recently
in an experiment designed to evaluate BCS during transition period in lactating dairy
cows, besides having low P/AIl, authors demonstrated that cows which lost BCS during
this period had more health events, than cows that gained or maintained BCS (Chebel et
al., 2018). Additionally, the same authors show that loss of BCS during the dry period is
associated with greater likelihood of treatment with antimicrobials, anti-inflammatories,
and supportive therapy.

Altogether, these studies demonstrated that inflammatory disease before breeding
reduced fertilization of oocytes and development to morula, and impaired early conceptus
development to elongation stages and secretion of IFN-T in the uterine lumen. Diseases
caused inflammation-like changes in transcriptome of conceptus cells, increased risk of
pregnancy loss, and reduced pregnancy or calving per breeding. Moreover, the effects
on reproduction were independent of cyclic status before synchronization of the estrous
cycle and body condition score at breeding, which all had additive negative effects on
fertility of dairy cows. Occurrence of disease at preantral or at antral stages of ovulatory
follicle development had similar detrimental effects on pregnancy results. The carryover
effects of diseases on developmental biology might last longer than 4 mo. Reduced
oocyte competence is a likely reason for carryover effects of diseases on developmental
biology, but impaired uterine environment was also shown to be involved. (Santos et al.,

2011)

Heat stress and fertility

Another factor that may influence the P/AIl, hence the reproductive efficiency in
dairy cattle is the heat stress. Lactating dairy cows have increased metabolism because
of milk production that decreases the ability to dissipate heat (Kadzere et al., 2002).
Oocytes and embryos at early stages are extremely sensitive to heat stress and the
negative effects of high milk production on oocyte quality, fertilization, and early

embryonic development are exacerbated by heat stress (Hansen and Arechiga, 1999).
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High environmental temperatures reduce the rate at which embryos progress during the
development period (Ealy et al., 1993). Embryos 3 d after conception and older are less
sensitive to heat stress (Ealy et al., 1993, Hansen and Arechiga, 1999).

Sartori et al. (2002) reported that lactating cows are affected by environmental
temperature more than heifers. The average maximum and minimum ambient
temperatures were higher and lower, respectively, at the heifer facility than atthe lactating
cow stanchion barn. In spite of the higher maximum ambient temperature, heifers had
lower (P<0.05) body temperature (38.7+£0.01; ranging from 37.7 to 40.2°C), than lactating
cows (39.3+0.03; ranging from 38.0 to 41.7°C). Lactating cows had a greater (P<0.05)
increase in body temperature in response to increases in environmental temperature than
was observed in heifers. During winter, a sample of cows (15 dry cows and 23 lactating
cows) was used to assess rectal temperature at the time of embryo collection. Dry cows
had a slightly lower (P<0.05) body temperature (38.6+0.07; ranging from 38.2 to 39.2°C)
than lactating cows (38.8x0.04; ranging from 38.5to 39.1°C). They also recovered
embryos and oocytes from Holstein cows and heifers during the summer, 6 days after
observation of estrus, and verified that the fertilization rate was greater in heifers than in
lactating cows. The percentage of good quality embryos was also greater in heifers than
in lactating cows. Differences in fertilization rate between lactating and non-lactating cows
in winter were not found but the percentage of good quality embryos was greater in non-
lactating cows than in lactating cows. Another group studied the effect of body
temperature on day 7 after Al on the probability of conception, determined on d28 and
corroborate previous data. High body temperature on d7 decreased the probability of
conception determined on d 28. The BT on d 14 tough, did not influence conception
determined on d28 (Demetrio et al., 2007).

American studies indicated this effect during the whole year, when for all dairy
breeds, fertility is best following fall calvings and poorest following spring calvings in
United States (VanRaden et al., 2004). Other studies in US have also reported that fewer
cows express estrus or conceive during hot summer months (De Rensis and Scaramuzzi,
2003). In addition, season effects were largest for Holsteins and for the Southeast region

of United States (VanRaden et al., 2004). Other data in Holstein cows also showed that
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spring calvings in the southeastern United States result in many more days open (Oseni
et al., 2003).

Besides the importance of intensification in reproductive management, higher
efficiency is not possible without looking at the big picture. This data reinforced the
importance of a good environment focused in thermal control especially during hot

season.

Benefits and expenses of reproductive management intensification

Few studies evaluated the economic benefits of different Al programs in lactating
dairy herds (Tenhagen et al., 2004, Giordano et al.,, 2011). Tenhagen et al. (2004)
demonstrated that incorporation of timed Al programs such as Ovsynch improved
reproductive performance and resulted in economic advantage over only estrous
detection when the efficiency of detection of estrus was low. Giordano et al. (2011)
evaluated three reproductive programs for lactating dairy cows: Al based on detection of
estrus, the double Ovsynch program for first Al followed by resynchronization of
nonpregnant cows with Ovsynch starting on day 32 after the previous Al, and the double
Ovsynch program for first and subsequent Al. Although the timed Al programs were $17
and $21, respectively, more expensive/cow/yr to implement than the estrous detection
program, they resulted in $45 and $69 more income per cow/yr, respectively.

However, fertility and reproductive performance in timed Al programs are not
always superior to that of cows inseminated at detected estrus (Santos et al., 2004,
Tenhagen et al., 2004, Santos et al., 2009a, Chebel and Santos, 2010). Therefore, it is
important to consider which timed Al program to use and select the one that offers the
highest fertility when detection of estrus is completely eliminated (Giordano et al., 2011).

Ribeiro et al (2012), compared many types of reproductive management in United
States farms, varying in accuracy and intensification of the management. They were: 1)
detection of estrus at 40% with 85% accuracy; 2) detection of estrus at 40% with 95%
accuracy; 3) detection of estrus at 60% with 85% accuracy; 4) detection of estrus at 60%
with 95% accuracy; 5) timed Al for all Al with 85% compliance of treatments; 6) timed Al
for all Al with 95% compliance of treatments; 7) timed Al for first Al with 85% compliance

of treatments followed by detection of estrus at 40% with 85% accuracy; 8) timed Al for
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first Al with 95% compliance of treatments followed by detection of estrus at 40% with
85% accuracy; 9) timed Al for first Al with 85% compliance of treatments followed by
detection of estrus at 60% with 85% accuracy; and 10) timed Al for first Al with 95%
compliance of treatments followed by detection of estrus at 60% with 95% accuracy.
Under the assumptions of Galvao et al. (2013), the highest 21-day cycle pregnancy rate
was obtained when cows were subjected to program 10 timed Al for first Al with 95%
compliance of treatments followed by detection of estrus at 60% with 95% accuracy. This
same program resulted in the shortest median days (113) to pregnancy and the greatest
profit per cow/yr with both milk price scenarios, $0.33/kg of milk (profit of $375/cow) or
$0.44/kg of milk (profit of $1,616/cow).

In order to evaluate the impact of the intensive use of fixed time artificial
insemination (FTAI) on reproductive efficiency in a dairy herd in Sdo Paulo State, Brazil,
Monteiro Jr (2015b) analyzed 4512 artificial inseminations (Al; 1688 in primiparous and
2824 in multiparous cows) performed between 2009 and 2014. These data were from
lactating dairy cows, managed in a free stall system with average production of 35.4+9.4
kg of milk/d. For analysis, two groups were established based on the reproductive
management strategy: Non-Intensive (2009-2011), where cows were treated with two
applications of PGF2a at40+7 and 547 days in milk (DIM), and on 73+7 DIM cows were
subjected to FTAI; and Intensive (2012-2013), in which cows received PGF2a (at 403
DIM), and after 14 d (54+3 DIM) were subjected to the FTAI. In both groups, after the
VWP (40 DIM), cows observed in estrus were inseminated. For the N-INT group
pregnancy diagnosis was conducted every 14 d, and for the INT, it was done every 7 d.
The main FTAI protocol used during the period of the study was the following. D-10:
Progesterone insert + 2 mg estradiol benzoate (EB) or 100 ug GnRH, D-3: 500 ug
cloprostenol sodium, D-2: P4 insert removal + 500 pg cloprostenol sodium + 1.0 mg
estradiol cypionate (ECP), DO: FTAI (Melo et al., 2016). When reproductive management
was intensified, the proportion of cows inseminated by FTAI increased (P < 0.01) from
29.1% (559/1920) to 56.9% (1474/2592), and cows were inseminated earlier. Data from
a survival analysis showed that after intensifying the use of FTAI, cows were inseminated
for the first time earlier (P < 0.01) and became pregnant sooner (P < 0.01) (Monteiro Jr

etal.,, 2015b, Sartori et al., 2016).
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Conclusion

In conclusion, there are many problems impairing reproductive performance in
dairy farms and some of them are inherent of the high producing cows physiology.
Although, many of this problems have been extensively studied and can be prevented
and bypassed by constant monitoring and accuracy of performing the reproductive
management. Besides all the technology developed for FTAI protocols, the estrous
detection should not be discarded, because when itis well performed, can decrease costs
and increase service rate. However, a good management of nutrition and monitoring of
the health of the animals is crucial to achieve high pregnancy rates. The ability of solve

problems in the farm is the real management using dairy precision technology.
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