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Abstract

This 2-yr study evaluated the growth and puberty attainment of Bos indicus-influenced beef heifers offered 2 different
postweaning concentrate supplementation amounts and delivery frequencies. On day 0 of each year, 64 Brangus
crossbred heifers were stratified by initial body weight (BW) and age (mean = 244 + 22 kg; 314 + 17 d) and assigned into

1 of 16 bahiagrass pastures (4 heifers/pasture/yr). Treatments were randomly assigned to pastures in a 2 x 2 factorial
design (4 pastures/treatment/yr) and consisted of concentrate dry matter (DM) supplementation at 1.25% or 1.75% of

BW which were offered either daily (7x) or 3 times weekly (3x) for 168 d. On day 56 of each year, heifers were assigned

to an estrus synchronization protocol consisting of intravaginal controlled internal drug release (CIDR) insertion on day
56, CIDR removal on day 70, i.m. injection of 25 mg of prostaglandin F, (PGF, ) on day 86, and i.m. injection of 100 pg of
gonadotropin-releasing hormone and timed-Al at 66 h after PGF, injection (day 89). Heifers were exposed to Angus bulls
from day 89 to 168 (1 bull/pasture). Pregnancy diagnosis was assessed on day 213 of each year. Supplementation amount
x frequency effects were not detected (P > 0.12) for any variable, except for plasma concentrations of glucose (P = 0.10)
and urea nitrogen (PUN; P = 0.01). Herbage mass, herbage allowance, and nutritive value did not differ (P > 0.12) among
treatments. Increasing supplementation DM amount from 1.25% to 1.75% of BW increased (P < 0.05) plasma concentrations
of insulin-like growth factor 1 (IGF-1), overall average daily gain (ADG), final BW, percentage of pubertal heifers on day 89,
pregnancy and calving percentages, and percentage of heifers calving within the first 21 d of the calving season. However,
reducing the supplementation frequency from daily to 3x weekly, regardless of supplementation amount, did not impact
overall pregnancy and calving percentages (P > 0.42), but caused (P < 0.05) fluctuations in plasma concentrations of insulin
and IGF-1 and decreased (P < 0.03) overall ADG, final BW, puberty attainment on days 56, 89, and 168, and percentage of
heifers calving during the first 21 d of the calving season. Hence, increasing the supplement DM amount did not prevent
the negative effects of reducing the frequency of supplementation (3x vs. 7x weekly) on growth and reproduction of
replacement Bos indicus-influenced beef heifers.
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Abbreviations

ADF acid detergent fiber

ADG average daily gain

Al artificial insemination

BW body weight

CIDR controlled internal drug release
CP crude protein

cv coefficient of variation

DM dry matter

GnRH gonadotropin-releasing hormone
IGF-1 insulin-like growth factor 1
IVDOM in vitro digestible organic matter
LH luteinizing hormone

NDF neutral detergent fiber

NEg net energy for gain

NEm net energy for maintenance

P4 progesterone

PGF,, prostaglandin F2a

PUN plasma urea nitrogen

TDN total digestible nutrients
Introduction

Beef heifers that attained puberty before the initiation of the
breeding season had greater overall pregnancy percentage and
calving percentage during the first 21 d of the calving season
compared with cohorts that attained puberty during the
breeding season (Moriel et al., 2017). Beef heifers that calved
within the first 21-d period of the calving season also had
greater overall pregnancy percentage and calf weaning weights
from second until 6th parturitions and remained in the herd
longer than females that calved during the 2nd and 3rd 21-d
period of calving season (Cushman et al., 2013).

Infrequent concentrate supplementation (i.e., 3 times
(3x) weekly) reduced growth and reproductive performance
of Bos indicus-influenced beef heifers compared with daily
concentrate supplementation (Cooke et al., 2008; Moriel et al.,
2012). This reduction in performance was partially attributed
to the increased oscillations in circulating concentrations of
glucose, insulin, and insulin-like growth factor 1 (IGF-1) and
delayed puberty attainment of heifers receiving infrequent
supplementation (Moriel et al., 2012). Increased growth rate and
nutrient intake can be used to positively impact attainment of
puberty and pregnancy in beef heifers (Moriel et al.,, 2017) by
also modulating the circulating concentrations of hormones
and metabolites associated with energy and protein metabolism
(Cooke et al., 2007). We hypothesized that reducing the frequency
of postweaning concentrate supplementation from daily to 3x
weekly would not impair growth and puberty attainment of
replacement beef heifers if concentrate supplementation dry
matter (DM) amount simultaneously increased from 1.25% to
1.75% of body weight (BW). Thus, our objectives were to evaluate
the combination of 2 different concentrate DM supplementation
amount (1.25% vs. 1.75% of BW) and frequency (daily vs. 3x
weekly) on growth and puberty attainment of Bos indicus-
influenced heifers.

Materials and Methods

The 2-yr experiment was conducted at the University of Florida,
Institute of Food and Agricultural Sciences—Range Cattle
Research and Education Center (IFAS-RCREC), Ona, Florida

(27°23'N and 81°56'W) from September 2017 to December 2018
(year 1) and September 2018 to December 2019 (year 2). All
practices utilized herein were approved by the IFAS-Animal
Research Committee (#201709984).

Animals and diets

All heifers utilized herein were originated from the RCREC and
were previously weaned at 260 to 280 d of age. From weaning
until the start of the study (day 0 of each year), heifers remained
on a single bahiagrass (Paspalum notatum) pasture (10 ha) and
received concentrate supplementation at 1% of BW (DM basis;
Table 1). On day O of each year, Brangus crossbred heifers
(n = 64 heifers/yr) were stratified by BW (244 + 28 kg in year
1; 244 + 17 kg in year 2) and age (311 + 18 d in year 1; 317 +
16 d in year 2), and randomly allocated into 1 of 16 bahiagrass
pastures (0.93 ha and 4 heifers/pasture). Treatments were
randomly assigned to pastures (4 pastures/treatment/yr), in
a 2 x 2 factorial arrangement of treatments, and consisted of
concentrate DM supplementation (Table 1) provided at 1.25%
or 1.75% of BW from days 0 to 168. Within each concentrate
supplementation amount, pastures were then assigned to
receive similar weekly concentrate amount which was offered
either daily (7x) or 3 times weekly (Monday, Wednesday and
Friday) at 0800 hours from days O to 168. Due to the combination
of relatively high nutrient requirements of growing beef heifers
and specific nutritive value of pastures and environmental
conditions at the RCREC, concentrate supplementation amounts
described above were selected according to our previous study

Table 1. Average nutritional composition® of concentrate (days 0 to
168) and stargrass hay (days 89 to 168)

Concentrate? Hay
Item Year 1 Year 2 Year 1 Year 2
DM, % 87.2 94.1 95.4 92.3
CP, % 22.5 21.8 5.60 9.00
Crude fat, % — — — —
ADF, % 27.3 30.4 434 45.8
NDF, % 42.5 44.4 79.7 75.1
TDN?, % 74.0 73.0 52.0 55.0
NEm*, Mcal/kg 1.74 1.71 0.90 1.01
NEg*, Mcal/kg 1.12 1.10 0.35 0.46
Ca, % 0.96 0.91 0.19 0.25
P, % 0.59 0.46 0.14 0.19
Mg, % 0.25 0.25 0.31 0.14
K, % 1.65 1.38 0.55 1.16
Na, % 0.07 0.06 0.04 0.02
S, % 0.35 0.30 0.12 0.13
Fe, mg/kg 211 210 74.0 35.0
Zn, mg/kg 47.0 48.0 17.0 30.0
Cu, mg/kg 12.0 9.00 6.00 3.00
Mn, mg/kg 30.0 31.0 20.0 35.0
Mo, mg/kg 2.30 1.60 0.30 0.30

'Samples of concentrate and hay were collected every 28 d from
days 0 to 168 and 89 to 168, respectively. All samples were pooled
within each year and sent in duplicates to a commercial laboratory
(Dairy One Forage Laboratory, Ithaca, NY) for wet chemistry
analyses.

2As-fed basis: 23% soybean hulls, 22% soybean meal, 22% dried
distillers grains, 15% cottonseed hulls pellets, 15% cracked corn, 2%
Ca carbonate, and 1% sugarcane molasses (United Feed Company,
Okeechobee, FL 34972).

3Calculated as described by Weiss et al. (1992).

“Calculated using the equations proposed by NRC (2000).



demonstrating greater growth and puberty attainment of beef
heifers supplemented with concentrate at amounts >1.0% of BW
compared with cohorts supplemented at <1.0% of BW (Moriel
et al., 2017). Weekly concentrate DM amount was periodically
adjusted using the average shrunk BW of all heifers in each
pasture on days 0, 42, 86, 114, and 140 (1.25% or 1.75% of BW
multiplied by 7 d). Throughout the study, heifers were provided
free-choice access to water and trace mineral supplement
(University of Florida Cattle Research Winter Mineral; Vigortone,
Brookville, Ohio, USA; 16.8%, 1.0%, 20.7%, and 4.0% of Ca, Mg,
Nacl, and P, respectively, and 60, 1750, 350, 60, and 5,000 mg/
kg of Co, Cu, I, Se, and Zn, respectively). Free-choice access to
stargrass (Cynodon nlemfuensis) hay was offered to heifers from
days 89 to 168 (Table 1).

On day 56 of each year, all heifers were assigned to an estrus
synchronization protocol (Mallory et al., 2011). The protocol
consisted of intravaginal controlled internal drug release (CIDR;
1.38 g P4; Zoetis Animal Health, Florham Park, NJ) insertion
on day 56, CIDR removal on day 70, i.m. injection of 25 mg of
prostaglandin F, (PGF,; 5 mL Lutalyse; Zoetis Animal Health)
on day 86, and i.m. injection of 100 pg of gonadotropin-releasing
hormone (2 mL Factrel; Zoetis Animal Health) and timed-
artificial insemination (Al) at 66 h after PGF, injection (day 89).
Semen utilized at AI were obtained from a single Angus bull. All
heifers were exposed to yearling Angus bulls from days 89 to
168 (1 bull/pasture). Bulls were randomly assigned to pastures
at the start of the breeding season, and then rotated among
pastures every 14 d from days 89 to 168 to remove any potential
bull effect. All bulls successfully passed a breeding soundness
exam 60 d before the start of the breeding season.

Sample collection

Concentrate disappearance time was calculated for each pasture
by visiting the feed bunk every 30 min on days 56, 70, and 84
of each year, and recording the number of hours needed for
complete disappearance of the respective concentrate amount
offered at 0800 hours. Individual shrunk BW was measured
on days 0, 42, 86, 114, 140, and 168 of each year, following 12 h
of feed and water withdrawal. Blood samples (10 mL) from
jugular vein were collected into tubes containing no additives
(Vacutainer, Becton Dickinson) for serum harvest on days 0, 7,
49, 56, 82, 89, 161, and 168 of each year to determine the serum
concentrations of progesterone (P4). Heifers were considered
pubertal when plasma P4 concentrations were >1.5 ng/mL in 2
consecutive 7-d apart blood collections (Cooke and Arthington,
2009). Percentage of pregnant heifers were determined via rectal
palpation by a trained veterinarian 45 d after the end of the
breeding season (day 213 of years 1 and 2). Heifers were checked
twice daily for calving, and calving date was determined using
Julian date.

Additional blood samples (10 mL) were collected via jugular
venipuncture into sodium-heparin (158 USP) containing tubes
(Vacutainer, Becton Dickinson, Franklin Lakes, NJ) for plasma
harvest on days 69 and 70 of each year to determine the
plasma concentrations of glucose, insulin, IGF-1, and plasma
urea nitrogen (PUN). All blood samples were collected 4 h after
morning supplementation to correspond to the peak of ruminal
fermentation and end products release after concentrate
intake (Moriel et al., 2012; Artioli et al., 2015; Silva et al., 2018),
and to match with a day that all heifers received concentrate
supplementation (Monday; day 69) and a day that only 7x
heifers, regardless of supplement amount, received concentrate
supplementation (Tuesday; day 70). All blood samples were
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placed on ice immediately after collection. Blood samples for
serum harvest were kept overnight at 4 °C, whereas blood
samples for plasma harvest were centrifuged within 20 min of
blood collection. All blood samples were centrifuged at 1,200 x
g for 25 min at 4 °C. Serum and plasma samples were stored at
-20 °C until later laboratory analysis.

Herbage mass and allowance were assessed on days 0 and
89 of each year. Herbage mass was calculated using the double
sampling technique (Gonzalez et al., 1990). Herbage allowance
was determined by dividing the average herbage mass of each
pasture by the respective average total heifer BW on each
respective pasture (Sollenberger et al., 2005). Hand-plucked
samples of pastures were obtained on days 0 and 89, whereas
samples of concentrate and hay were collected every 28 d from
days 0 to 168 and day 89 to 168, respectively. Pasture, concentrate,
and hay samples were dried at 56 °C for 72 hr using a forced-air
oven. Thereafter, forage and concentrate samples were ground
to pass a 4-mm and 1-mm stainless steel screens, respectively,
using a Wiley mill (Model 4, Thomas-Wiley Laboratory Mill,
Thomas Scientific, Swedesboro, NJ). Concentrate and hay
samples were sent in duplicate to a commercial laboratory
(Dairy One Forage Laboratory, Ithaca, NY) and analyzed for
concentrations of crude protein (CP; method 984.13; AOAC, 2006),
total digestible nutrients (TDN; Weiss et al., 1992), net energy for
maintenance (NEm) and gain (NEg; NRC, 2000). Pasture samples
were sent to the University of Florida Forage Evaluation Support
Laboratory (Gainesville, FL) to determine the CP concentrations
using the micro-Kjeldahl technique for N (Gallaher et al., 1975)
and in vitro organic matter digestibility (IVOMD) using the
2-stage technique (Moore and Mott, 1974).

Laboratory analyses

Plasma concentrations of P4 and insulin were assessed in
duplicate samples using a solid-phase, chemiluminescent
enzyme immunoassay (Immulite 1000, Diagnostics Products
Corp.) that was previously validated for bovine samples
(Artioli et al., 2015; Moriel et al., 2017). The lowest detectable
concentrations of P4 and insulin analyses were 0.2 ng/mL for
P4 and 2 pIU/mL for insulin, whereas intra-assay coefficient of
variation (CV) of P4 and insulin analyses were 3.22% and 4.14%,
respectively.

Plasma IGF-1 concentrations were measured using a
commercial ELISA kit (S5G100; R&D Systems, Inc., Minneapolis,
MN) validated for bovine samples (Moriel et al., 2012). Plasma
concentrations of glucose and PUN were assessed by using
commercial quantitative colorimetric kits (#G7521 and B7551,
respectively; Pointe Scientific Inc., Canton, MI). Intra- and inter-
assay CV for IGF-1, glucose, and PUN assays were 1.88% and
2.12%, 3.04% and 3.11%, and 2.98% and 4.01%, respectively.

Statistical analyses

Pasture was considered the experimental unit for all statistical
analyses. Data were analyzed as completely randomized design
using a 2 x 2 factorial arrangement of treatments and using SAS
(SAS Institute Inc., Cary, NC, USA, version 9.4) with Satterthwaite
approximation to adjust the denominator degrees of freedom
for the test of fixed effects. Initial BW and age were included
as covariates into all statistical analyses but removed from the
model if P > 0.10. Heifer(pasture) and pasture(supplementation
amount x supplementation frequency) were included
as random effects in all statistical analyses. Heifer BW,
concentrate disappearance time, plasma and herbage data were
analyzed as repeated measures using the MIXED procedure
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and heifer(pasture) as subject, and tested for fixed effects
of supplementation frequency, supplementation amount,
day of the study, year, and all resulting interactions. Puberty
attainment and calving distribution were analyzed as repeated
measures using the GLIMMIX procedure and heifer(pasture)
as subject, and tested for fixed effects of supplementation
frequency, supplementation amount, day of the study, year,
and all resulting interactions. Compound symmetry was the
covariance structure used in all repeated measures analyses
as it generated the lowest Akaike information criteria.
Pregnancy percentage, calving percentage, and calving date
were analyzed using the GLIMMIX procedure and tested for
fixed effects of supplementation frequency, supplementation
amount, year, and all resulting interactions. Heifers were sorted
into prepubertal or pubertal based on their puberty status
at the initiation of breeding season. Pregnancy and calving
percentages of prepubertal vs. pubertal heifers was tested
for fixed effects of puberty status, supplementation amount,
supplementation frequency and all resulting interactions, using
pasture(supplementation frequency x supplementation amount
x year) and heifer(pasture) as random effects. All results are
reported as LS means. Data were separated using PDIFF when a
significant F-test was detected. Significance was set at P < 0.05,
and tendencies if P > 0.05 and < 0.10.

Results

Except for plasma concentrations of glucose and PUN, effects
of supplementation amount x supplementation frequency
x day of the study x year, supplementation amount x
supplementation frequency x year, supplementation amount x
year, supplementation frequency x year, and supplementation
amount x supplementation frequency were not detected
(P > 0.12) for any variable analyzed in the study.

Pasture evaluation

Effects of supplementation amount x day of the study,
supplementation frequency x day of the study, supplementation
amount, and supplementation frequency were not detected
(P > 0.12) for herbage mass, herbage allowance, and IVOMD and
CP, which all decreased (P < 0.0001) from day 0 to 89 (Table 2).

Concentrate disappearance time

Effectsof supplementation amount x supplementation frequency
were detected (P = 0.005) for concentrate disappearance. Heifers
supplemented 3x weekly at 1.75% of BW required the greatest
(P < 0.0001) number of hours to achieve 100% of concentrate
disappearance (17.5 + 0.97 h), followed by those supplemented

3x weekly at 1.25% of BW (11.1 + 0.97 h). Heifers supplemented
daily at 1.75% and 1.25% of BW required the least (P < 0.0001)
number of hours (2.8 + 0.97 h vs. 2.3+ 0.97 h; P = 0.70) to achieve
complete concentrate disappearance.

Plasma measurements

Effects of supplementation amount x day of the study were
detected (P = 0.05) for plasma concentrations of IGF-1, but not
for plasma concentrations of insulin (P = 0.46; Table 3). Plasma
concentrations of IGF-1 were greater (P = 0.04) for heifers
supplemented at 1.75% vs. 1.25% of BW on days that all heifers
received concentrate supplementation (Monday) but did not
differ (P = 0.35) on days that only heifers assigned to daily
supplementation received their supplement (Tuesday). Effects of
supplementation frequency x day of the study tended (P = 0.06)
to be detected for plasma concentrations of IGF-1 and were
detected (P = 0.04) for plasma concentrations of insulin (Table 3).
Plasma concentrations of IGF-1 and insulin of 7x heifers,
regardless of supplementation amount, did not differ (P > 0.12)
between days that all heifers received supplementation and
days that only 7x heifers received supplementation. In contrast,
3x heifers had greater (P < 0.0001) plasma concentrations of
IGF-1 and insulin on days that all heifers received concentrate
supplementation compared with days that only 7x heifers
received concentrate supplementation (Table 3).

Effects of supplementation amount x supplementation
frequency x day of the study tended (P = 0.10) to be detected
for plasma concentrations of glucose (Figure la) and were
detected (P = 0.01) for plasma concentrations of PUN (Figure 1b).
Heifers supplemented 3x weekly at 1.25% and 1.75% of BW had
greater (P < 0.03) plasma glucose concentrations on days that
only 7x heifers received supplementation compared to days
that all heifers received supplementation. Plasma glucose
concentrations of 7x heifers, regardless of concentrate amount,
did not differ (P > 0.11) between days that all heifers received
supplementation and days that only 7x heifers received
supplementation (Figure 1a). Heifers supplemented 3x weekly
at 1.25% of BW had greater (P < 0.0001) plasma concentrations
of PUN on days that only 7x heifers received supplementation
compared to days that all heifers received supplementation
and did not differ (P > 0.11) among all remaining treatments
(Figure 1b).

Growth performance

Effects of supplementation frequency x day of the study and
supplementation amount x day of the study were detected for
heifer BW (P < 0.0001; Table 4). Heifer BW from days 0 to 86 did
not differ (P > 0.48) between heifers supplemented at 1.25% and

Table 2. Average herbage mass and allowance, IVDOM, and CP of bahiagrass pastures (4 pastures/treatment/yr; 0.93 ha and 4 heifers/pasture)

Day of the study P-value
Item?! 0 89 SEM Day Amount x day Freq. x day
Herbage mass, kg DM/ha 5220 2574 71.8 <0.0001 0.88 0.30
Herbage allowance, kg DM/kg BW 5.38 2.15 0.098 <0.0001 0.85 0.30
IVOMD, % 49.0 44.6 0.63 <0.0001 0.52 0.12
CP, % of DM 11.21 8.60 0.219 <0.0001 0.82 0.50

'Herbage mass and allowance were determined on days 0 and 89 of each year. Herbage mass was calculated using the double sampling
technique (Gonzalez et al., 1990). Herbage allowance was determined by dividing the average herbage mass of each pasture by the respective
average total heifer BW on each respective pasture (Sollenberger et al., 2005). Heifers were provided, in a 2 x 2 factorial design, concentrate
DM supplementation at 1.25% or 1.75% of BW offered either daily or 3X weekly from day O to 168 (2 yr; 64 heifers/yr; 4 pastures/treatment

combination/yr).
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Table 3. Plasma concentrations of IGF-1 and insulin of heifers grazing bahiagrass pastures and randomly assigned, in a 2 x 2 factorial
arrangement of treatments, to receive concentrate DM supplementation at 1.25% or 1.75% of BW offered either daily (7x) or 3X weekly (3x;
Monday, Wednesday, and Friday) from days O to 168 (2 yr; 64 heifers/yr; 4 pastures/treatment combination/yr)

Supplementation Supplementation
amount P-value® frequency P-value®
Amount Frequency

Item* 1.25% 1.75% P-value?  SEM x day 3x 7x P-value? SEM x day
Plasma IGF-1, ng/mL

Days all heifers 102.3 115.2 0.04 4.54 0.05 115.0 102.6 0.05 4.52 0.06

supplemented

Days only 7x supplemented 75.9 81.9 0.35 4.54 80.4 92.4 0.64 4.52

P-value* <0.0001 <0.0001 <0.0001 0.12
Plasma insulin, plU/mL

Days all heifers 10.96 9.52 0.20 0.84 0.46 10.13 10.34 0.85 0.84 0.04

supplemented

Days only 7x supplemented 8.58 7.85 0.49 0.77 7.10 9.33 0.04 0.77

P-value* 0.002 0.007 <0.0001 0.18

Blood samples were collected via jugular venipuncture for plasma harvest 4 h after morning supplementation to correspond to the peak
of ruminal fermentation and end products release after concentrate intake, and to match with a day that all heifers received concentrate
supplementation (Monday; day 69) and a day that only 7x heifers, regardless of supplement amount, received concentrate supplementation

(Tuesday; day 70).
2p-value for the comparison of treatments within day of the study.

3P-value for the effects of supplementation amount x day of the study and supplementation frequency x day of the study.

“P-value for the comparison of days within each respective treatment.

1.75% of BW, but heifers supplemented at 1.75% of BW were
heavier (P < 0.04) on days 114, 140, and 168 compared with those
supplemented at 1.25% of BW. Heifer BW from days 0 to 42 did
not differ (P > 0.22) between 7x and 3x heifers, but 7x heifers
were heavier (P < 0.007) on days 86, 114, 140, and 168 compared
with 3x heifers.

Effects of supplementation frequency x supplementation
amount were not detected (P > 0.76) for heifer average daily
gain (ADG) from days 0 to 86, 86 to 168, and O to 168. Heifer
ADG from days 0 to 86 did not differ (P = 0.42) between heifers
supplemented at 1.25% and 1.75% of BW. However, heifer ADG
from days 86 to 168 and 0 to 168 was greater (P < 0.02) for heifers
supplemented at 1.75% vs. 1.25% of BW (Table 5). Heifer ADG
from days 86 to 168 did not differ (P = 0.28) between 3x and 7x
heifers, whereas ADG from days O to 86 and 0 to 168 was greater
(P <0.01) for 7x vs. 3x heifers (Table 5).

Reproductive parameters
Effects of supplementation frequency x supplementation amount
were not detected (P > 0.22) for puberty attainment, pregnancy and
calving percentages, and calving date. Effects of supplementation
amount x day of the study (P = 0.02) and supplementation
frequency x day of the study (P = 0.006) were detected for
puberty attainment (Table 5). Concentrate supplementation
at 1.75% of BW increased (P = 0.05) the percentage of pubertal
heifers on day 89, but not on days 56 and 168 (P > 0.18), compared
with supplementation at 1.25% of BW. Daily supplementation
of concentrate increased (P = 0.03) the percentage of pubertal
heifers on days 56, 89, and 168 (Table 5). Pregnancy and calving
percentages were greater (P < 0.05) for heifers supplemented at
1.75% vs. 1.25% of BW and did not differ (P > 0.11) between 3x and
7x heifers (Table 5). Calving date decreased (P = 0.05) for heifers
supplemented at 1.75% vs. 1.25% of BW and tended (P = 0.07) to
decrease for 7x vs. 3x heifers (Table 5).

Effects of supplementation amount x day of the study and
supplementation frequency x day of the study were detected
(P < 0.05) for calving distribution (Table 6). Calving percentage

increased (P <0.05) from days 363 to 384 for heifers supplemented
at 1.75% vs. 1.25% of BW. Calving percentage was greater (P <
0.05) from days 370 to 391 for 7x vs. 3x heifers (Table 6).

Effects of supplementation amount x puberty status, but not
supplementation frequency x puberty status (P > 0.52), tended
to be detected for pregnancy (P = 0.07) and calving percentages
(P = 0.10; Table 7). Among pubertal heifers, pregnancy and
calving percentages did not differ (P > 0.18) between those
supplemented at 1.25% and 1.75% of BW. For heifers that were
prepubertal at the start of the breeding season, pregnancy and
calving percentages increased (P < 0.05) when supplementation
amount increased from 1.25% and 1.75% of BW (Table 7).

Discussion

An interaction between supplementation amount and
frequency was observed for concentrate disappearance time.
Heifers supplemented daily (regardless of the supplementation
amount) required on average 2.6 + 0.97 hr to achieve complete
supplement disappearance. However, when supplementation
frequency was reduced from daily to 3x weekly, concentrate
disappearance time increased by nearly 4.4- and 6.9-fold for
heifers offered concentrate DM supplementation at 1.25%
and 1.75% of BW, respectively, which are in agreement with
previous studies (Moriel et al., 2016) and partially explain the
results observed for plasma concentrations of glucose and PUN
(further discussion provided below). Contrary to our hypothesis,
however, interaction effects between supplementation amount
x frequency were not detected for any additional variable
analyzed herein. In the current study, increasing concentrate
supplementation amount from 1.25% to 1.75% of BW did not
overcome the negative consequences of reducing the frequency
of concentrate supplementation on growth and reproductive
performance of beef heifers. These results are in agreement
with our previous study exploring the interaction between
supplementation amount and frequency on postvaccination
growth and immune responses of preconditioning beef steers
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Figure 1. Plasma concentrations of glucose (a) and PUN (b) of heifers grazing bahiagrass pastures and randomly assigned, in a 2 x 2 factorial arrangement of treatments,
to receive concentrate DM supplementation at 1.25% or 1.75% of BW offered either daily (7x) or 3x weekly (3x; Monday, Wednesday, and Friday) from days 0 to 168. Blood
samples were collected 4 h after morning supplementation and to correspond with a day that all heifers received concentrate supplementation (Monday; day 69) and
a day that only 7x heifers received concentrate supplementation (Tuesday; day 70). **Within each treatment combination, means without a common superscript differ

(P < 0.05). *¥Within day, means without a common superscript differ (P < 0.05).

(Moriel et al., 2016). Together, both studies demonstrate that a
reduced supplementation frequency elicits similar detrimental
impacts to immunity of beef steers (Moriel et al., 2016) and
also reproductive performance of beef heifers (current study)
irrespective of concentrate amount offered.

Herbage mass and nutritive value of pastures modulate the
growth performance of beef animals (Inyanget al., 2010). Herbage
mass, herbage allowance, and nutritive value of pastures were
not impacted by concentrate supplementation amount and
frequency, but all variables decreased from days 0 to 89 (onset
of the breeding season) as a consequence of forage intake and
seasonal-induced effects on forage production and composition
(Arthington and Brown, 2005; Vendramini et al., 2015). However,
supplementation was designed to address the fluctuations
in nutritive value of pastures and meet the daily energy and
protein requirements of beef heifers gaining >0.50 kg of BW daily

(NASEM, 2016). In addition, herbage allowance on day 89 was
above the minimal threshold necessary to prevent limitations
to forage intake and growth of cattle grazing bahiagrass (1.4 kg
DM/kg BW; Inyang et al.,, 2010), and all heifers were provided
free choice access to hay after the onset of the breeding season.
Consequently, forage availability and nutritive value were not
limiting factors to growth and reproductive performance of
heifers utilized herein.

Supplementation amount

Moriel et al. (2017) supplemented beef heifers at 1.05% and
1.52% of BW (DM basis) for 168 d and observed an increase in
overall ADG (0.41 vs. 0.51 kg/d, respectively), but no effects on
puberty attainment at the start of the breeding season (38% vs.
40% of pubertal heifers, respectively), overall pregnancy (70%
vs. 70%, respectively), and calving percentages (56.7% vs. 61.7%,
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Table 4. BW of heifers grazing bahiagrass pastures and randomly assigned, in a 2 x 2 factorial arrangement of treatments, to receive concentrate
DM supplementation at 1.25% or 1.75% of BW offered either daily (7x) or 3x weekly (3x; Monday, Wednesday, and Friday) from days O to 168 (2
yr; 64 heifers/yr; 4 pastures/treatment combination/yr)

Day of the study

BWY kg 0 42 86 114 140 167 SEM P-value?
Supplementation amount
1.25% 244 272 306 324 341 353 1.97 <0.0001
1.75% 244 272 308 330 348 362 1.96
P-value® 1.00 0.83 0.48 0.04 0.01 0.004
Supplementation frequency
3x 244 270 303 323 340 353 1.95 <0.0001
7% 244 274 310 332 349 363 1.96
P-value® 1.00 0.22 0.007 0.002 0.003 0.0009

*Shrunk BW obtained after 12 h of feed and water withdrawn and covariate adjusted for heifer BW on day 0 (P < 0.0001).
?p-value for the effects of supplementation amount x day of the study and supplementation frequency x day of the study.
3p-value for the comparison of treatments within day of the study.

Table 5. ADG and reproductive performance of heifers grazing bahiagrass pastures and randomly assigned, in a 2 x 2 factorial arrangement of
treatments, to receive concentrate DM supplementation at 1.25% or 1.75% of BW offered either daily (7x) or 3x weekly (3x; Monday, Wednesday,
and Friday) from days 0 to 168 (2 yr; 64 heifers/yr; 4 pastures/treatment combination/yr)

Supplementation Supplementation
amount frequency

Item® 1.25% 1.75% SEM P-value 2 3x 7x SEM P-value ?
ADG, kg/d

Days 0 to 86 0.72 0.74 0.021 0.42 0.68 0.77 0.020 0.01

Days 86 to 168 0.59 0.66 0.018 0.003 0.61 0.64 0.018 0.28

Days 0 to 168 0.65 0.71 0.015 0.02 0.65 0.71 0.015 0.007
Pubertal heifers 3, % of total

Day 0 0.0 0.0 4.02 0.99 0.0 0.0 4.09 0.85

Day 56 47.2 55.0 4.02 0.18 44.6 57.6 4.09 0.03

Day 89 81.1 92.0 4.02 0.05 80.0 93.0 4.09 0.03

Day 168 90.5 95.1 4.02 0.42 86.3 99.3 4.09 0.03
Pregnant heifers day 213 4, % of total 64.8 83.0 5.25 0.02 72.4 75.3 5.21 0.70
Calving first offspring, % of total 58.6 72.5 5.63 0.05 59.5 71.9 5.59 0.11
Calving date, day of the study 390 382 3.41 0.05 391 382 3.8 0.07

'Heifers were assigned to an estrus synchronization protocol which consisted of CIDR insertion on day 56, CIDR removal on day 70, PGF,,
injection on day 86, and GnRH injection and timed-Al on day 89. Heifers were exposed to yearling Angus bulls from days 89 to 168. Bulls were
rotated among pastures every 14 d.

?p-value for the comparison of treatments within day of the study.

*Blood samples collected on days 0, 7, 49, 56, 82, 89, 160, and 168 to determine serum concentrations of progesterone. Heifers were considered
pubertal when plasma progesterone concentrations were >1.5 ng/mL in 2 consecutive 7-d apart blood collections (Cooke and Arthington,
2009).

“Overall pregnancy percentage (Al + bulls) determined via rectal palpation 45 d after the end of the breeding season.

respectively), and calving distribution as supplementation
DM amount increased from 1.05% to 1.52% of BW. In contrast,
overall ADG and percentage of pubertal heifers at the start of the
breeding season as well as pregnancy and calving percentages
increased with supplementation amount in the current study.
Likewise, a greater percentage of pregnant heifers in the
current study calved within the first 21-d of the calving season
as supplementation amount increased from 1.25% to 1.75% of
BW. Herbage mass was not reported in the previous study, but
it is likely the main factor explaining the discrepancy between
the 2 studies on supplementation amount-induced effects on
heifer growth and reproductive performance. Supporting this
rationale, overall heifer ADG in Moriel et al. (2017) was less than
the overall ADG reported herein.

Reproductive success of beef heifers is positively correlated
with growth rates (Moriel et al., 2017), energy intake (Schillo

et al., 1992) and circulating concentrations of hormones and
metabolites associated with energy metabolism, such as
glucose, insulin and IGF-1 (Cooke et al., 2007; Moriel et al., 2012).
These metabolites and hormones modulate the interaction
between nutritional status and reproduction by influencing
hypothalamic-hypophyseal activity, hypophyseal secretion of
luteinizing hormone (LH; Schillo et al., 1992) and also amplifying
LH effects on ovarian follicular cells (Spicer and Echternkamp,
1995). A simultaneous increase in circulating concentrations
of glucose, insulin, and IGF-I was expected with greater energy
intake (Cappellozza et al, 2014). Plasma concentrations of
glucose increased as supplementation amount increased
from 1.25% to 1.75% of BW, but only for those supplemented
3x weekly. This response occurred likely because of the larger
supplement amount offered to 3x heifers in a single day leading
to greater hepatic synthesis of glucose compared with heifers
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Table 6. Calving distribution (% of heifers that calved) of heifers grazing bahiagrass pastures and randomly assigned, in a 2 x 2 factorial
arrangement of treatments, to receive concentrate DM supplementation at 1.25% or 1.75% of BW offered either daily (7x) or 3x weekly (3x;
Monday, Wednesday, and Friday) from days O to 168 (2 yr; 64 heifers/yr; 4 pastures/treatment combination/yr)

Day of the study

Calving distribution, % of
heifers that calved 363 370 377 384

398 405 412 419 426 433 SEM  P-value

Supplementation amount

1.25% of BW 5.6 111 27.8 51.4 75.7

1.75% of BW 22.5 30.8 53.3 67.5 81.7

P-value 0.05 0.04 0.02 0.05
Supplementation frequency

3x 10.0 10.0 20.0 42.5 71.3

7x 18.1 31.9 61.1 76.4 86.1

P-value 045 0.04 0.001  0.002

81.9 882 88.2 93.8 93.8 100.0 5.92 0.05
85.8 958 100.0 100.0 100.0  100.0 5.92
071 047 0.26 0.55 0.55 1.00

77.5 93.8 93.8 93.8 93.8  100.0 5.73 0.04
90.3  90.3 944 100.0 100.0  100.0 5.73
0.23 074 0.95 0.55 0.55 1.00

Effects of supplementation amount x day of the study (P = 0.05) and supplementation frequency x day of the study (P = 0.04) were detected

for calving distribution.
2p-value for the comparison of treatments within day of the study.

Table 7. Pregnancy and calving percentages of heifers that achieved puberty before the start of the breeding season (pubertal) and heifers that
were prepubertal at the start of the breeding season but achieved puberty before the end of the breeding season

Puberty status at the start
of the breeding season'!

P-value

Supp. amount Supp. frequency

Item* Non-pubertal  Pubertal P-value? SEM x puberty status x puberty status
Pregnant heifers, % of total
Supplement at 1.25% of BW 10.3 76.0 <0.0001 12.4 0.07 0.52
Supplement at 1.75% of BW 58.8 87.7 0.07 12.4
P-value® 0.015 0.18
Calving, % of heifers that calved
Supplement at 1.25% of BW 6.17 65.8 0.001 15.8 0.10 0.87
Supplement at 1.75% of BW 56.4 73.5 0.22 15.8
P-value® 0.05 0.53

'Heifers grazed bahiagrass pastures and were randomly assigned, in a 2 x 2 factorial design, to receive concentrate DM supplementation at
1.25% or 1.75% of BW offered either daily or 3x weekly (Monday, Wednesday, and Friday) from days O to 168 (2 yr; 64 heifers/yr; 4 pastures/
treatment combination/yr). At the start of the breeding season, 12 and 7 heifers were considered prepubertal in years 1 and 2, whereas 52 and
57 heifers attained puberty before the start of the breeding season in years 1 and 2, respectively.

?P-value for the comparison of puberty status within supplementation amount.

3p-value for the comparison of supplementation amount within puberty status.

supplemented daily. Among all hormones and metabolites,
IGF-1 seems to be the main factor correlated with reproductive
performance of beef heifers because IGF-I enhances ovarian
responsiveness to gonadotropins (Armstrong et al., 2001) and
promotes embryonic establishment and maintenance of early
pregnancy in cattle (Bilby et al.,, 2006). Heifers that achieved
puberty and became pregnant during the breeding season
had similar ADG and plasma concentrations of glucose and
insulin, but greater plasma concentrations of IGF-1 compared
with nonpubertal and nonpregnant heifers (Cooke et al., 2007).
In agreement, plasma concentrations of insulin did not differ
between heifers supplemented at 1.25% and 1.75% of BW, whereas
plasma concentrations of IGF-1 on days that all heifers received
supplementation increased as supplementation amount
increased from 1.25% to 1.75% of BW. The lack of differences on
plasma concentrations of insulin between heifers supplemented
at 1.25% and 1.75% of BW occurred perhaps because of the
timing of blood collection (4 h after supplementation) occurring
after the peak of pancreatic release of insulin (1 to 2 h after
feeding; Moriel et al., 2008). Although plasma concentrations
of IGF-1 were not analyzed throughout the entire study, it is

plausible that the greater plasma concentrations of IGF-1 as
supplementation amount increased significantly contributed to
the enhanced growth and reproduction of heifers supplemented
at 1.75% vs. 1.25% of BW.

It was observed by Moriel et al. (2017) that heifers classified
as cyclic at the start of breeding season had greater overall
pregnancy and calving percentages compared with cohorts
that were prepubertal at the start of breeding season. Similar
results were observed herein but the magnitude of increase in
pregnancy and calving percentages depended on the concentrate
supplementation amount offered to heifers. Pregnancy and
calving percentages were, respectively, 7.4- and 10.7-fold greater
for pubertal vs. prepubertal heifers at the start of the breeding
season if concentrate supplementation was provided at 1.25%
of BW. However, when supplementation was offered to heifers
at 1.75% of BW, pregnancy and calving percentages enhanced
by only 1.5- and 1.3-fold for pubertal vs. prepubertal heifers
at the start of the breeding season, respectively. These results
occurred likely because greater supplementation amount
increased BW growth and elicited positive physiological signals
associated with greater reproductive success. Together, these



results indicate that increasing the supplementation amount
can be used as a strategy to minimize the effects of prebreeding
puberty status on final reproductive performance of Bos indicus-
influenced heifers.

Supplementation frequency

Decreasing the frequency of energy supplementation from daily
to 3x weekly either reduced ADG of beef steers and heifers by
10% to 21% (Cooke et al., 2008; Loy et al., 2008; Artioli et al., 2015)
or had no effects on ADG of beef steers and heifers (Moriel et al.,
2012, 2016). In the current study, heifer ADG during the breeding
season did not differ between 3x vs. 7x heifers, whereas ADG
before the start of the breeding season and throughout the
entire study decreased by 11.6% and 8.5%, respectively, when
supplementation frequency decreased from daily to 3x weekly.
Several factors may explain the discrepancy among those
studies such as differences in forage allowance and nutritive
values, as well as supplement composition, breed, gender,
location, and resulting interactions among these factors. In
agreement, supplementation frequency in the current study
did not impact heifers ADG during periods of low- vs. medium-
quality forages (during the breeding season vs. before the start
of the breeding season).

Reducing the frequency of supplementation decreased heifer
ADG and BW before the start of the breeding season, partially
explaining the delayed puberty attainment of 3x vs. 7x heifers.
Although lighter pre-breeding BW and growth rates contributed
to delayed puberty attainment, our previous research
demonstrated that negative effects of reduced supplementation
frequency on puberty attainment also occurred despite the lack
of differences on growth performance between 3x and 7x heifers
(Cooke et al., 2007, 2008; Moriel et al., 2012). Thus, factors beyond
growth performance explain the reduced puberty attainment
caused by infrequent concentrate supplementation. Despite the
differences observed for puberty attainment, pregnancy and
calving percentages did not differ between 3x and 7x heifers.
Pregnancy percentage has been shown to either decrease (Cooke
et al., 2008) or not be affected (Moriel et al., 2012) by infrequent
concentrate supplementation. Calving distribution was not
reported previously (Cooke et al., 2008; Moriel et al., 2012), but
was negatively impacted by infrequent supplementation in
the current study. Less heifers calved within the first 21 d of
the breeding season when concentrate supplementation was
provided 3x weekly vs. daily. Late calving has been associated
with a reduced lifetime productivity of heifers (Cushman
et al, 2013) and reflects the later puberty attainment as
supplementation frequency decreased. Together, all studies
described above indicate that most variables analyzed to
evaluate the reproductive success of Bos indicus-influenced
beef heifers were impaired by decreasing the postweaning
frequency of concentrate supplementation, regardless of
supplementation amount.

Infrequent concentrate supplementationleads tofluctuations
in daily nutrient intake of beef steers and heifers (Cooke et al.,
2008; Moriel et al., 2012, 2016; Artioli et al., 2015). Compared
to steers offered daily supplementation, hay DM intake of
3x steers decreased by 53% on days that all steers received
supplementation and increased by 10% on days that only 7x
steers received supplementation (Artioli et al., 2015). Despite the
low concentration of starch in the supplements utilized herein
and in previous studies described above, fluctuations in daily
forage intake are expected because supplementation decrease
forage DM intake when TDN:CP ratio is <7 and supplemental
TDN is >0.7% of BW (Moore et al., 1999).
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Fluctuations in nutrient intake following infrequent
supplementation also impact the synthesis and release of
multiple hormones and metabolites. As previously observed
(Cooke et al., 2008; Moriel et al., 2012, 2016; Artioli et al., 2015),
plasma concentrations of IGF-1 and insulin of 7x heifers
remained constant across blood collection days, regardless
of concentrate amount. Plasma concentrations of IGF-1 and
insulin, however, were greater for 3x heifers on days that
all heifers received supplementation compared with days
that only 7x heifers received supplementation, regardless of
supplementation amount.

In contrast to previously observed for plasma insulin and
IGF-1, the impacts of reduced frequency of supplementation
on plasma concentrations of glucose and PUN reported herein
depended on the amount of concentrate supplementation
provided to heifers. In agreement with Cooke et al. (2008) and
Moriel et al. (2012), plasma concentrations of glucose and PUN
remained constant for 7x heifers supplemented at 1.25% and
1.75% between days that all heifers received supplementation
vs. days that only 7x heifers were supplemented. Plasma
glucose concentrations of 3x heifers varied between blood
collection days and were greater on days that only 7x received
supplementation compared with days that all heifers received
supplementation. These results reflect the pattern of nutrient
intake of each treatment as circulating concentrations of glucose
are positively modulated by nutrient intake (Cappellozza et al.,
2014) and to the time required for synthesis and activation of
gluconeogenic enzymes to markedly increase glucose synthesis
and release (Cooke et al., 2008; Artioli et al., 2015). As expected,
the magnitude of increase in plasma glucose concentrations
within heifers supplemented 3x weekly was greater for those
supplemented at 1.75% vs. 1.25% of BW, explaining the detection
of supplementation amount x supplementation frequency
effects observed for plasma glucose concentrations.

Plasma PUN concentrations of heifers supplemented 3x
weekly at 1.25% of BW were greater on days that all heifers
received supplementation compared with days that only 7x
heifers received supplementation, which was expected as
plasma PUN concentrations are positively correlated with CP
intake and ruminal ammonia concentration (Broderick and
Clayton, 1997). Unexpectedly, plasma PUN concentrations of
heifers supplemented 3x weekly at 1.75% of BW remained
constant across days. These results are probably a result of
heifers supplemented 3x weekly at 1.75% of BW having a longer
concentrate disappearance time, which may have extended
the period of greater circulating PUN concentrations following
supplementation. Although plasma concentrations of glucose
and PUN differed according to supplementation amount and
frequency, plasma PUN concentrations were always within the
optimal PUN concentrations for growing beef heifers (15 to 19 mg/
dL; Hammond, 1997). In addition, such treatment differences
observed for plasma PUN and glucose concentrations had
minimal or no biological significance and did not elicit carryover
effects on heifer growth and reproductive performance.

In summary, increasing the supplementation amount (1.75%
vs. 1.25% of BW) of a low-starch energy-based concentrate
positively modulated the circulating concentrations of
hormones and metabolites associated with energy and protein
metabolism and enhanced growth and reproductive success of
beef heifers consuming warm-season forages. However, contrary
to our hypothesis, increasing concentrate supplementation
did not overcome the negative consequences of reducing the
frequency of concentrate supplementation on daily variation in
plasma concentrations of hormones and metabolites associated
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with energy and protein metabolism, and led to impaired
growth, delayed attainment of puberty, and reduced pregnancy
of beef heifers. Therefore, replacement Bos indicus-influenced
beef heifers consuming low- and medium-quality forages
should be offered daily energy supplementation, regardless of
the concentrate amount, in order to enhance their growth and
reproductive success.

Acknowledgement

The authors thank the Florida Cattle Enhancement Board for
funding the study, Zoetis Animal Health (Florham Park, NY) for
donating the estrus synchronization products, and Select Sires
(Columbus, OH) for the semen donation.

Conflict of interest statement

The authors declare no real or perceived conflicts of interest.

References

AOAC. 2006. Official methods of analysis. 18th ed. Arlington, VA:
AOAC Int.

Armstrong, D. G.,T. G. McEvoy, G. Baxter, J. J. Robinson, C. O. Hogg,
K. J. Woad, R. Webb, and K. D. Sinclair. 2001. Effect of dietary
energy and protein on bovine follicular dynamics and embryo
production in vitro: associations with the ovarian insulin-like
growth factor system. Biol. Reprod. 64:1624-1632. doi:10.1095/
biolreprod64.6.1624

Arthington, J. D., and W. F. Brown. 2005. Estimation of feeding
value of four tropical forage species at two stages of maturity.
J. Anim. Sci. 83:1726-1731. d0i:10.2527/2005.8371726x

Artioli, L. F,, P. Moriel, M. H. Poore, R. S. Marques, and R. F. Cooke.
2015. Decreasing the frequency of energy supplementation
from daily to three times weekly impairs growth and humoral
immune response of preconditioning beef steers. J. Anim. Sci.
93:5430-5441. d0i:10.2527/jas.2015-9457

Bilby, T. R., A. Sozzi, M. M. Lopez, F. Silvestre, A. D. Ealy,
C. R. Staples, and W. W. Thatcher. 2006. Pregnancy, bovine
somatotropin, and dietary n-3 fatty acids in lactating dairy
cows: I. Ovarian, conceptus, and growth hormone-insulin-
like growth factor system responses. J. Dairy Sci. 89:3360-3374.
doi:10.3168/jds.s0022-0302(06)72373-6

Broderick, G. A., and M. K. Clayton. 1997. A statistical evaluation
of animal and nutritional factors influencing concentrations
of milk urea nitrogen. J. Dairy Sci. 80:2964-2971. doi:10.3168/
jds.S0022-0302(97)76262-3

Cappellozza, B. I, R. F. Cooke, M. M. Reis, P. Moriel, D. H. Keisler,
and D. W. Bohnert. 2014. Supplementation based on protein or
energy ingredients to beef cattle consuming low-quality cool-
season forages: II. Performance, reproductive, and metabolic
responses of replacement heifers. J. Anim. Sci. 92:2725-2734.
doi:10.2527/jas.2013-7442

Cooke, R. F, J. D. Arthington, D. B. Araujo, G. C. Lamb, and
A. D. Ealy. 2008. Effects of supplementation frequency on
performance, reproductive, and metabolic responses of
Brahman-crossbred females. J. Anim. Sci. 86:2296-2309.
doi:10.2527/jas.2008-0978

Cooke, R. F, and J. D. Arthington. 2009. Plasma progesterone
concentrationsdeterminedbycommercialradioimmunoassay
kit as puberty criteria for Brahman-crossbred heifers. Livest.
Sci. 123:101-105. doi:10.1016/j.1ivsci.2008.10.009

Cooke, R. E, J. D. Arthington, C. R. Staples, W. W. Thatcher, and
G. C. Lamb. 2007. Effects of supplement type on performance,
reproductive, and physiological responses of Brahman-crossbred
females. J. Anim. Sci. 85:2564-2574. d0i:10.2527/jas.2006-684

Cushman, R. A., L. K. Kill, R. N. Funston, E. M. Mousel, and
G. A. Perry. 2013. Heifer calving date positively influences

calf weaning weights through six parturitions. J. Anim. Sci.
91:4486-4491. d0i:10.2527/jas.2013-6465

Gallaher, R. N,, C. O. Weldon, and J. G. Futral. 1975. An aluminum
block digester for plant and soil analysis. Soil Sci. Soc. Am. J.
39:803-806. d0i:10.2136/ss52j1975.03615995003900040052x

Gonzalez, M. A., M. A. Hussey, and B. E. Conrod. 1990. Plant height,
disk and capacitance meters used to estimate bermudagrass
herbage mass. Agron. J. 82:861-864. doi:10.2134/agronj1990.00
021962008200050002x

Hammond, A. C. 1997. Update on BUN and MUN as a guide for
protein supplementation in cattle, I Proc. Florida Ruminant
Nutr. Symp.. Univ. of Florida, Gainesville; p. 43-52.

Inyang, U, J. M. B. Vendramini, L. E. Sollenberger, B. Sellers,
A. Adesogan, L. Paiva, and A. Lunpha. 2010. Effects of stocking
rate on animal performance and herbage responses of Mulato
and bahiagrass pastures. Crop Sci. 50:179-185. doi:10.2135/
cropsci2009.05.0267

Loy, T. W, T. J. Klopfenstein, G. E. Erickson, C. N. Macken, and
J. C. McDonald. 2008. Effect of supplemental energy source
and frequency on growing calf performance. J. Anim. Sci.
86:3504-3510. doi:10.2527/jas.2008-0924

Mallory, D. A., J. M. Nash, M. R. Ellersieck, M. F. Smith, and
D. J. Patterson. 2011. Comparison of long-term progestin-
based protocols to synchronize estrus before fixed-time
artificial insemination in beef heifers. J. Anim. Sci. 89:1358-
1365. doi:10.2527/jas.2010-3694

Moore, J. E., M. H. Brant, W. E. Kunkle, and D. I. Hopkins. 1999.
Effects of supplementation on voluntary forage intake,
diet digestibility, and animal performance. J. Anim. Sci.
77(Suppl. 2):122-135. d0i:10.2527/1999.77suppl_2122x

Moore, J. E., and G. O. Mott. 1974. Recovery of residual organic
matter from “in vitro” digestion of forages. J. Dairy Sci.
57:1258-1259. d0i:10.3168/jds.S0022-0302(74)85048-4

Moriel, P, R. F. Cooke, D. W. Bohnert, J. M. Vendramini, and
J. D. Arthington. 2012. Effects of energy supplementation
frequency and forage quality on performance, reproductive,
and physiological responses of replacement beef heifers. J.
Anim. Sci. 90:2371-2380. d0i:10.2527/jas.2011-4958

Moriel, P, P. Lancaster, G. C. Lamb, J. M. B. Vendramini, and
J. D. Arthington. 2017. Effects of post-weaning growth rate
and puberty induction protocol on reproductive performance
of Bos indicus-influenced beef heifers. J. Anim. Sci. 95:3523—
3531. doi:10.2527/jas.2017.1666

Moriel, P., M. B. Piccolo, L. F. A. Artioli, M. H. Poore, R. S. Marques,
and R. F. Cooke. 2016. Decreasing the frequency and rate of
wet brewers grains supplementation did not impact growth
but reduced humoral immune response of preconditioning
beef heifers. J. Anim. Sci. 94:3030-3041. doi:10.2527/
jas.2015-0250

Moriel, P, T. S. Scatena, O. G. Sa Filho, R. F. Cooke, and
J. L. Vasconcelos. 2008. Concentrations of progesterone and
insulin in serum of nonlactating dairy cows in response to
carbohydrate source and processing. J. Dairy Sci. 91:4616—
4621. doi:10.3168/jds.2008-1286

NASEM (National Academies of Sciences, Engineering, and
Medicine). 2016. Nutrient requirements of beef cattle. 8th ed.
Animal Nutrition Series. Washington, DC: The National
Academies Press.

NRC. 2000. Nutrient requirements of beef cattle. Revised 7th ed.
Washington, DC: National Academies Press.

Schillo, K. K., J. B. Hall, and S. M. Hileman. 1992. Effects of
nutrition and season on the onset of puberty in the beef
heifer. J. Anim. Sci. 70:3994-4005. doi:10.2527/1992.70123994x

Silva, G. M., M. H. Poore, J. Ranches, G. S. Santos, and P. Moriel.
2018. Effects of gradual reduction in frequency of energy
supplementation on growth and immunity of beef steers. J.
Anim. Sci. 96:273-283. doi:10.1093/jas/skx047

Sollenberger, L. E., J. E. Moore, V. G. Allen, and C. G. S. Pedreira.
2005. Reporting forage allowance in grazing experiments.
Crop Sci. 45:896-900. doi:10.2135/cropsci2004.0216


https://doi.org/10.1095/biolreprod64.6.1624
https://doi.org/10.1095/biolreprod64.6.1624
https://doi.org/10.2527/2005.8371726x
https://doi.org/10.2527/jas.2015-9457
https://doi.org/10.3168/jds.s0022-0302(06)72373-6
https://doi.org/10.3168/jds.S0022-0302(97)76262-3
https://doi.org/10.3168/jds.S0022-0302(97)76262-3
https://doi.org/10.2527/jas.2013-7442
https://doi.org/10.2527/jas.2008-0978
https://doi.org/10.1016/j.livsci.2008.10.009
https://doi.org/10.2527/jas.2006-684
https://doi.org/10.2527/jas.2013-6465
https://doi.org/10.2136/sssaj1975.03615995003900040052x
https://doi.org/10.2134/agronj1990.00021962008200050002x
https://doi.org/10.2134/agronj1990.00021962008200050002x
https://doi.org/10.2135/cropsci2009.05.0267
https://doi.org/10.2135/cropsci2009.05.0267
https://doi.org/10.2527/jas.2008-0924
https://doi.org/10.2527/jas.2010-3694
https://doi.org/10.2527/1999.77suppl_2122x
https://doi.org/10.3168/jds.S0022-0302(74)85048-4
https://doi.org/10.2527/jas.2011-4958
https://doi.org/10.2527/jas.2017.1666
https://doi.org/10.2527/jas.2015-0250
https://doi.org/10.2527/jas.2015-0250
https://doi.org/10.3168/jds.2008-1286
https://doi.org/10.2527/1992.70123994x
https://doi.org/10.1093/jas/skx047
https://doi.org/10.2135/cropsci2004.0216

Spicer, L. J.,, and S. E. Echternkamp. 1995. The ovarian insulin
and insulin-like growth factor system with an emphasis
on domestic animals. Domest. Anim. Endocrinol. 12:223-245.
doi:10.1016/0739-7240(95)00021-6

Vendramini, J. M. B, J. M. D. Sanchez, R. F. Cooke, A. D. Aguiar,
P. Moriel, W. L. da Silva, O. F. R. Cunha, P. D. S. Ferreira,
A. C. Pereira. 2015. Stocking rate and monensin level effects

Morieletal. | 11

on growth performance of beef cattle consuming warm-
season grasses. J. Anim. Sci. 93:3682-3689. do0i:10.2527/
jas.2015-8913

Weiss, W. P, H. R. Conrad, and N. R. St. Pierre. 1992. A theoretically-
based model for predicting total digestible nutrient values of
forages and concentrates. Anim. Feed Sci. Technol. 39:95-110.
doi:10.1016/0377-8401(92)90034-4


https://doi.org/10.1016/0739-7240(95)00021-6
https://doi.org/10.2527/jas.2015-8913
https://doi.org/10.2527/jas.2015-8913
https://doi.org/10.1016/0377-8401(92)90034-4

