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Introduction

Over half of the world’s cattle population is raised in tropical environmental conditions
(Food and Agricultural Organization [FAO], 2009), marked by hot temperatures, high humidity,
and heavy precipitation. In the United States, approximately 40% of the beef cows are in hot,
humid or arid environmental conditions of the Southeast and Southwest, respectively (Cundift et
al., 2012). The enhanced thermotolerance ability of Bos indicus cattle breeds (e.g., Brahman)
(Hansen, 2004; Recha, 1987) make them more adaptable to the harsh environmental conditions of
hot climate than Bos taurus cattle breeds (e.g., Angus). They are also more tolerant to other hot
and humid related environmental stressors, such as incidence of parasitic and parasite-transmitted
disease, than Bos taurus cattle (Burrow, 2015). Thus, it is common to find purebred or Bos indicus
crossbred cattle in tropical and subtropical regions. Despite more resilient, Bos indicus cattle have
suboptimal productive traits when compared to Bos taurus (Hruska et al., 1993; Casas et al., 2011;
Cooke et al., 2020), therefore crossbreeding is an important and frequently used strategy to
increase productivity in tropical and subtropical environments (Lamy et al., 2012). The benefits
for productivity include improvements in weaning weight, reproduction, and feed performance
(Syrstad, 1985; Casas et al., 2011) due to the combination of traits from complementary breeds
through gene additive effect and heterosis (Elzo and Wakeman, 1998; Leal et al., 2018). However,
the impact of Bos indicus genetics on reproductive and productive performance of crossbred cows
it is not well described. Such analysis is difficult because of the challenge of finding beef herds
with crossbred cows with different proportions of B. indicus genetics raised contemporaneously.
This information would help producers make better management and breeding decisions. The
present article therefore focuses on exploring the relationship between the proportion of B. indicus
genetics in Brahman-Angus cows and their performance during the breeding and calving seasons.
The article is based on the results of two published manuscripts (Martins et al., 2022; Martins et
al., 2024). The database used in both studies originated from the University of Florida Brahman-
Angus multibreed herd between 1989 and 2020 (31 years of accumulated data). Brahman-Angus
cows were produced that differed by approximately 3-percentage points of Brahman genetics (0
to 100%) and divided into six breed groups according to the proportions of Brahman: G0-19%,
G21-34%, G38% (Brangus), G41-59%, G63-78%, and G81-100%. Cows were at research
stations located in North-Central Florida in the city of Gainesville and managed
contemporaneously under grazing conditions to meet or exceed nutritional maintenance
requirements. Breeding events occurred between February and August (late winter and throughout
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spring) and calving events between November and March (late fall and throughout winter). All
cows were exposed to an estrus synchronization program, followed by artificial insemination (AI)
based on estrus expression. Cows not detected in estrus were inseminated by timed Al (TAI). The
herd was constructed and was perpetuated through a diallel crossbreeding scheme, that is, the six
sire groups were reciprocally mated with the six dam groups during Al and natural services. The
breeding seasons lasted approximately 90 days.

Pregnancy per Al (P/Al) and estrous response due to estrous synchronization

The proportion of Brahman genetics in Brahman-Angus crossbred cows was negatively
related to P/AI (Table 1) in conventional estrous synchronization programs. Crossbred cows with
63-78% or 81-100% of Brahman genetics had the lowest P/Al, regardless of parity category (2-yr-
old nulliparous, 3-yr-old primiparous, 4-yr-old secundiparous, or pluriparous). Despite impairing
P/Al, overall pregnancy rates (i.e. Al + natural service) were similar after the end of the 90-d
breeding seasons.

Table 1. Association between the proportion of Brahman genetics of cows and pregnancy
per Al (P/Al) at first Al and pregnancy at the end of the breeding season. Source: (Martins et al.,

2022)
Proportion of Brahman genetics P-value
0,
Item 0-19%  21-34% (Bﬁiighs) 41-59%  63-78%  81-100% Breed  Parity Egsﬁg;‘
PIALL, % 51.6° 4435 4470¢ 2637 3950 3740
(n/n) (631/1201) (489/1071) (405/893) (655/1415) (349/855) (362/969) 00001 024 082
PIAI+NS?, 89.2 88.6 88.7 88.6 88.5 88.2

% (nn)  (1056/1216) (935/1085) (773/900) (1229/1435) (749/868) (855/1000) 090 0006 084

Parity = 2-years-old nulliparous, 3-year-old primiparous, 4-year-old secundiparous, or pluriparous.

abed Values without a common superscript differed between breed groups (P < 0.05) by applying Tukey test for
multiple comparisons.

IP/AL: Proportion of cows receiving Al, after estrous synchronization, that were pregnant to this insemination. Every
cow submitted to the estrous synchronization was inseminated based on estrus expression or following TAI.
2P/AT+NS: Proportion of cows pregnant at the end of breeding season as result of Al or natural service.

At the beginning of the breeding season only 1.7% of the crossbred cows presented body
condition score lower than 4.0 (scale 1 to 9). The multibreed herd was mostly managed to maintain
an adequate body condition score (5 to 6) throughout the year. Thus, there was no evidence that
the crossbred cows with greater proportion of Brahman genetics were nutritionally disadvantaged
in relation to the crossbred cows with smaller proportion of Brahman genetics. This is important
because it is common to attribute lower P/Al (i.e., < 40%) to nutritional restriction to which Bos
indicus cattle are exposed in tropical and subtropical climates due to low-quality tropical roughage
(Baruselli et al., 2004). Nutritional restriction is associated with prolonged anestrus postpartum
and delayed puberty attainment (D’Occhio et al., 2018). These reproductive physiological
conditions have been referred as two of the main causes of poor P/AI when B. indicus cattle reared
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in the tropics are submitted to estrous synchronization programs (Baruselli et al., 2004; Nogueira,
2004). Additionally, the proportion of cycling cows (66%) at the beginning of the estrous
synchronization program was similar across the six breed groups when we scanned the ovaries of
a subgroup of pluriparous crossbred cows (n = 251) (Martins et al., 2022). Thus, in this study, a
prevalence of anestrus due to nutritional restriction did not seem the cause of suboptimal P/AI
among cows with a greater proportion of Brahman genetics.

Crossbred cows with a greater proportion of Brahman genetics had a reduction in estrous
response to the synchronization program by up to 27.9% (Fig. 1), regardless of parity category.
These results refer specifically to the Select Synch + CIDR & TAI program. Estrus response is a
key fertility marker in estrous synchronization programs (Richardson et al., 2016). In our study,
P/AI of cows inseminated in estrus was 2.3-fold greater than those non-estrus cows submitted to
TAI (Martins et al., 2022).
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Figure 1. Estrous response to Select Synch + CIDR & TAI program according to the
proportion of Brahman genetics of Brahman-Angus crossbred cows (P < 0.0001). Means without
a common superscript were different (P < 0.05) or with the same symbol tended to differ (P =0.07)
by applying Tukey test for multiple comparisons. Estrous response was reduced according to the
increase in proportion of Brahman genetics of crossbred cows. Source: Martins et al., 2022

The conventional estrous synchronization programs recommended for B. taurus cattle in
the United States (Lamb and Mercadante, 2016) do not seem to efficiently induce estrus in B.
indicus crossbred cows, generally yielding inconsistent and disappointingly low P/AI (< 45%)
(Yelich and Bridges, 2012). Two indicative parameters of successful estrous synchronization
programs are the recruitment of a new follicular wave and a presence of large dominant follicle at
the end of an estrous synchronization programs (Atkins et al., 2010a; Atkins et al., 2010b).
Purebred and crossbred Bos indicus cattle do not respond efficiently to the first gonadotropin-
releasing hormone (GnRH) ovulatory stimulus of the U.S. estrous synchronization programs,



resulting in more failures to recruit a new follicular wave (Saldarriaga et al., 2007; Baruselli et al.,
2012). The low ovulatory response to first GnRH stimulus has been related with the incidence of
anestrus (Saldarriaga et al., 2007; Baruselli et al., 2012) and decreased luteinizing hormone (LH)
response to a GnRH challenge among Bos indicus-influenced cattle (Portillo et al., 2008). Bos
indicus-influenced cattle also present reduced follicular growth when submitted to estrous
synchronization programs, which increases the incidence of small follicles at the end of program.
The reduced follicular growth is partially explained by the elevated circulating progesterone
concentration when Bos indicus-influenced cattle are synchronized using progesterone-based
estrous synchronization programs (Carvalho et al., 2008; Sartori et al., 2016; Batista et al., 2020).
The elevated circulating progesterone concentration leads to suppression of dominant follicle
growth, estrus response, and ovulation, being especially relevant among cycling animals because
of the additional source of progesterone coming endogenously from the corpus luteum (Carvalho
et al., 2008). Bos indicus-influenced cattle have different production and clearance rates of steroid
hormones, in which B. taurus breeds seem to have lesser production and greater metabolism than
B. indicus breeds (Sartori et al., 2016; Batista et al., 2020). In fact, steroid hormone concentrations
are greater in B. indicus than in B. taurus cattle, whereas ovarian structures are smaller (Sartori et
al., 2016). In our results, we verified that at the end of the estrous synchronization program,
follicles were up to 22% smaller in diameter among Brahman-Angus crossbred cows (n= 256)
with greater proportion of Brahman genetics (Martins et al., 2022). Collectively, unsatisfactory
P/AI (~50%) in Bos indicus-influenced cattle is a consequence of the inadequacy of conventional
U.S. estrous synchronization programs to address the physiological particularities of these cattle.
Strategies that stimulate follicular growth during estrous synchronization programs have
improved estrous response and, consequently, P/Al of Bos indicus cattle. The most common
strategies consist of: (i) reducing circulating levels of progesterone concentrations during estrous
synchronization such as inserting previously used intravaginal progesterone devices and/or
advancing the injection of prostaglandin analogues (Dias et al., 2009; Peres et al., 2009; Martins
et al., 2014; Williams and Stanko, 2020), (ii) using exogenous estradiol instead of GnRH to induce
recruitment of a new follicular wave at the beginning of the estrous synchronization program
(Baruselli et al., 2004), (iii) using exogenous estradiol at the end of estrous synchronization
program to induce ovulation and estrous response (Sa Filho et al., 2011; Martins et al., 2017), and
(iv) administering equine chorionic gonadotropin (eCG) or adopting 48-h temporary calf removal
in the end of synchronization protocol as a LH-support to stimulate follicular growth (Baruselli et
al., 2004; Filho et al., 2009). It is important to highlight that estradiol and eCG do not constitute
alternatives in the United States as they are not FDA-approved drugs to synchronize estrus.
Williams and Stanko (2020) developed an estrous synchronization for Bos indicus cows by treating
cows with prostaglandin analogue at the beginning of a 5d-CIDR estrous synchronization program.
The physiological basis underlying this strategy is to reduce the endogenous concentration of
progesterone, inducing luteolysis of any preexisting corpus luteum, which increases LH pulsatile
frequency to better support follicular growth. The authors reported satisfactory P/AI (~50%) when
injecting prostaglandin upfront. Greater P/Al results were nevertheless described among cows with



more than 65 days postpartum (Williams and Stanko, 2020), probably because more cows were
cycling at this advanced stage of postpartum. The new developed estrous synchronization program
for Bos indicus-influenced cattle is recommended by the Beef Reproduction Task Force under the
name Bos indicus PG 5-day + CIDR (https://beefrepro.org/wp-content/uploads/2023/11/Cow-
2024-BRTF_Protocol-sheets-2024 FINAL _for-print-1.pdf).

Impact of Brahman genetics on productivity of crossbred cows at weaning

Brahman-Angus crossbred cows with 81% to 100% of Brahman genetics weaned the
lightest calves (Table 2). The impaired P/AI among crossbred cows delayed the time to conception
in the breeding season and consequently the time to calving in the calving season. Crossbred cows
that conceive later during the breeding season indeed wean younger, lighter calves (Rodgers et al.,
2012; Cushman et al., 2013). Crossbred cows with 81% to 100% of Brahman genetics continued
to wean the lightest calves even after adjusting weaning weights to 205-d. Thus, indicating that
genetics itself contributed to the compromised performance of this group of crossbred cows.

Table 2. Association between the proportion of Brahman genetics of Brahman-Angus cows
and weight of calves. Source: (Martins et al., 2024)

Proportion of Brahman genetics

1
Item 0-19%  21-34% (Bfai(g’us) 4159% 63-78%  81-1000% °°M P-value
BW, kg 31 330 33.9° 3340 38 31.8° 029 <0.0001
WW., Kg 2452  2502%  247.9%0Y 2525 24520 2206  2.80 < 0.0001
205-day WW, Kg  2153°  223.60  2215°Y  225.0°X  2025°  208.9°  2.35 < 0.0001

Values without a common lowercase (*>*¢) or uppercase (**¥) superscript in the row differ (P < 0.05) or tend to
differ (P < 0.10), respectively, after applying the Tukey test for multiple comparisons.

'BW = birth weight; WW = weaning weight; 205-day WW = weaning weight adjusted to 205-day of age.

Crossbred cows with 0 to 19% of Brahman genetics also weaned lighter calves despite
having the greatest P/AI (Table 1). The lack of hybrid vigor among a few calves from the crossbred
cows with 0% to 19% and 81% to 100% of Brahman genetics likely contributed to these results,
as heterosis favors the productivity of crossbred cows over purebred cows in the tropics
(Dominguez-Castaio et al., 2021; Trail et al. 1985). The nurturing ability of crossbred cows may
have varied according to the proportion of Brahman genetics. For example, Bos indicus purebred
cows produced less milk than Bos taurus purebred cows (Syrstad, 1985; Galukande et al., 2013).
Thus, crossbred cows with 81% to 100% of Brahman genetics could have produced less milk,
limiting the daily body weight gain of calves. Crossbred cows with 0% to 19% of Brahman
genetics as well as their calves may have suffered with heat-stress, compromising the performance
of cow—calf pairs. An earlier study demonstrated that the 2-yr-old Brahman—Angus heifers with
0% proportion of Brahman genetics had the lowest heat-stress resilience during summer days while
on pasture in Florida (Mateescu et al., 2020). Heifers with 75% to 100% and 25% to 50% of
Brahman genetics had superior to intermediate heat-stress resilience, respectively. Thus, in
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general, crossbred cows with somewhat moderate to slightly high proportion of Brahman genetics
(21% to 78%) weaned heavier calves than cows with very low (0% to 19%) or high (81% to 100%)
proportion of Brahman genetics.

We defined weaning productivity as kilograms of calf weaned divided by the number of
crossbred cows submitted to reproduction. Productivity was, therefore, a compound result of losses
due to failure to become pregnant, failure to calve, stillbirth, deaths of cows or calves, and the
weaning weight of calves (Martins et al., 2024). The proportion of crossbred cows exposed to
reproduction that calved during the calving season was similar across the six breed groups (Table
3). Thus, the preweaning losses and weaning weight components played an important role on
determining the productivity of the crossbred cows. Crossbred cows with 81% to 100% of
Brahman genetics weaned light calves and lost more calves, being the least productive cows (Table
3).

Table 3. Association between the proportion of Brahman genetics and productive traits. Source:
(Martins et al., 2024)

Proportion of Brahman genetics

Item 0-19% 21-34% 38% 41-59% 63-78% 81-100% P-value
(Brangus)
Preg. loss!, % 0.6 0.3 1.3 0.7 0.6 1.2
(n0./no.) (6/1020) (3/889) (10/749) (8/1189) (41729) (10/829)
Calving?, % 85.9 85.3 84.4 84.7 85.5 84.1
(no./no.) (1014/1180)  (886/1039) (730/876)  (1181/1395)  (725/848) (819/974)
Stillbirth 3, % 0.04 0.03 0.06 0.04 0.04 0.05 057
(no./no.) (19/1014) (9/886) (17/739) (18/1181) (13/725) (17/819) :
Calf mortality*,% 4.3 4.3b 5.7abY 5.8° 7.08b 9.2aX <0.0001
(no./no.) (54/1014) (44/886) (50/739) (85/1181) (59/725) (90/819) :
Weaning®, % 95.72 95.72 94,32bX 94.22 93.0%0 90.8>Y <0.0001
(no./no.) (960/1180)  (842/1039) (689/876)  (1096/1395)  (666/848) (729/974) '

Non-adjusted
Productivity®, kg/cow
Adjusted
Productivity’, kg/cow

233.220X+ 3.9 238.6°+4.0 2324%°+40 236.1°+3.9 2224°Y+40 199.3°+3.9 <0.0001

191.1°%Y+£23  197.0°+23 1959*0X+23  199.78+23 196.2*0X+23 181.8°+2.3 <0.0001

Pregnancy loss: proportion of cows that never calved in a given calving season out of the pregnant cows expected

to calve.

2Calving: proportion of cows exposed to reproduction that calved during the calving season.

3Stillbirth: LSMEANS of proportion of stillbirth calves.

4Calf mortality: LSMEANS of proportion of calves that died between birth and weaning.

SWeaning rate: LSMEANS of proportion of cows weaning a calf.

¢ Non-adjusted productivity: LSMEANS of kilograms of calf weaned per cow exposed to reproduction non-adjusted
for weaning rate nor age of calf at weaning.

"Adjusted productivity: LSMEANS of kilograms of calf weaned per cow exposed to reproduction adjusted for weaning
rate and age of calf at weaning.

Values without a common lowercase (**°) or uppercase (*¥%) superscript in the row differ (P < 0.01) or tend to differ
(P < 0.10), respectively, after applying the Tukey test for multiple comparisons.

As crossbred cows calved during the winter, calves with greater proportion of Brahman
genetics may have suffered with cold stress, predisposing crossbred cows with 81% to 100% of



Brahman genetics to lose more calves. In the North-Central Florida, despite winter being mild,
freezing temperatures are commonly observed. Newborn Brahman calves were indeed more
susceptible to cold-stress than /2 Simmental x %4 Brahman x 4 Hereford calves (Godftrey et al.,
1991). Brahman calves are also susceptible to weak calf syndrome (Roberson et al., 1986;
Carstens, 1994). Newborn calves with this syndrome display muscular weakness, take longer to
stand for the first time, and lack a strong suckle reflex. Even after adjusting for weaning rates and
age of calf at weaning, crossbred cows with 81% to 100% of Brahman genetics remained among
the least productive, indicating that genetics itself also undermined the production of these cows.

Crossbred cows with 0% to 19% of Brahman genetics were underproductive as they wean
light calves. They also remained less productive after adjusting for weaning rates and age of calf
at weaning. Thus, the association between proportion of Brahman genetics of crossbred cows and
productivity resembled a quadratic relationship. A proportion of Brahman genetics somewhere
between 21% and 78% ensured superior productivity of Brahman—Angus cows subjected to
subtropical conditions.

Summary

Collectively, under subtropical conditions, Brahman-Angus cows with over 63% of
Brahman genetics had poorer pregnancy per Al (<40%) than cows with smaller proportion of
Brahman genetics (>45%). The conventional estrous synchronization programs in the United
States do not seem to address the reproductive physiology particularities of Bos indicus cattle,
resulting in poor estrous response and consequently pregnancy per Al. After a 90-day breeding
season, Brahman-Angus cows with different proportions of Brahman genetics had similar
pregnancy rates though. Crossbred cows with 81% to 100% of Brahman genetics were the least
productive because of more calves died before weaning and they weaned lighter calves. The
susceptibility of Brahman calves to cold stress is one explanatory factor for the elevated incidence
of preweaning calf mortality, as crossbred cows calved during winter months amidst freezing
temperatures. On the other hand, crossbred cows with only 0% to 19% of Brahman genetics were
also among the least productive because they weaned lighter calves. This group of cows seemed
to be less able to cope with the harsh subtropical environmental conditions, such as heat stress,
compromising their performance as dams. Overall, moderate to slightly high Brahman genetics
(21% to 78%) ensured greater productivity of subtropical Brahman-Angus cows.
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