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The Texas Agricultural Experiment Station has
many of the physical plant components required to
support a research program of excellence in beef
cattle production, processing, and distribution. It also
has a staff of dedicated research scientists with com-
petence in the disciplines required for a comprehen-
sive research program in this field. The research
program is under effective scientific leadership and
competent research management and reflects wise
investment of public resources with a generally well-

balanced program. The Research-Extension Centers, -

located among the land resource areas of the State
(see map), provide an unusual opportunity for a truly
comprehensive beef cattle research program for Texas
with the efforts at each Center focusing on develop-
ing the technology needed to alleviate the most limit-
ing constraints in the area it serves while contributing
to the statewide program.

Texas unquestionably holds a position of major
influence and responsibility in the beef industry. It
has ranked first among all states in fed cattle produc-
tion since 1972 and has always ranked first in beef
cow and total cattle numbers. Texas became the lead-
ing cattle slaughter state in 1975.

Despite the magnitude of the industry, there are
major constraints to development of its full potential.
To realize its potential, new technology for an in-
creasingly efficient as well as now “socially accepta-
ble” beef industry must be continuously developed
and disseminated to all segments. This can be accom-
plished only through sound and vigorous research
and education programs. A comprehensive beef cat-
tle research program oriented toward developing
technology to alleviate these constraints is clearly in
the public interest and is consistent with the missions
and goals of The Texas Agricultural Experiment Sta-
tion.

A 10-year plan for the research program was
prepared a decade ago, and implementation was
begun in 1972. The plan was updated in 1979, and
recommendations were provided for a comprehen-
sive program for the period 1978 to 1988. From this a

Five-Year Plan was prepared as part of the overall
TAES plan. The Five-Year Beef Cattle Research Plan
included nine Research Need Statements. These were

1. Improve biological efficiency of beef produc-
tion

2. Improve energy efficiency for producing,
processing, and distributing beef

3. Develop management systems to increase
profit and reduce risk

4. Develop alternative markets and market op-
tions for live cattle and beef cattle products

5. Develop more efficient land and water use by
the beef industry

6. Determine the effects of governmental regula-
tions on efficiency of operations in the beef
industry

7. Develop more complete information regard-
ing the effects of beef in human nutrition,
health, and food safety

8. Improve beef industry through environmen-
tal consciousness

9. Prevent and control beef cattle diseases and
parasites.

Progress reports of beef cattle research work
consolidated under the title “Beef Cattle Research in
Texas” were first published in 1965. The idea soon
became popular in other disciplines. The beef cattle
report was issued annually from 1965 through 1973,
then combined for 1974 and 1975 when financial and
physical problems of producing it necessitated some
change. Similar problems prevailed until 1980 when
annual publication was resumed.

While earlier editions were devoted primarily to
reports of animal science origin, the interdisciplinary
nature of research related to the field of beef produc-
tion, processing, and distribution is clearly reflected
in later editions.

J. K. Riggs
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RESEARCH AND EXTENSION CENTERS

Amarillo,
Feedlot cattle, veterinary
research, wheat and feed

grains\
Lubbock-High Plains, J

Cotton and grain sorghum,
vegetables, oil seeds and

water conservation \

e

Stephenville,
\

Field crops, peanuts,
horticulture and dairying

N

Livestock, range,
horticultural and field
crops, soil and water

\
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Range management,
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.

Uvalde,
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range and wildlife
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Citrus and vegetables,
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and range management

Dallas,
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development, forage
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®
Py McGregor,
o Beef cattle breeding
o Temple,
o # TEXAS ALM Soil and moisture
SSUNIVERSITY problems, grass and
° legume development
College Station -
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/) Veterinary Medicine
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Corpus Christi,
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livestock production
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Beef Cattle
Research

in Texas, 1981

Mention of a trademark or a proprietary product does not constitute a
guarantee or a warranty of the product by the Texas Agricultural
Experiment Station and does not imply its approval to the exclusion of
other products that may also be suitable.

Forage Management
and Utilization

Beef cattle provide the largest source of cash agricultur-
al income to Texas at almost $5 billion per year. The major
source of nutrients to sustain beef cattle production is
derived from a forage base including rangelands, forest and
cultivated pastures. These resources must be efficiently
utilized and managed to maintain an economically viable
and competitive industry. The major nutrient requirements
of beef cattle have been defined for some time but numerous
gaps still exist in our knowledge. More fundamental infor-
mation is needed to understand factors controlling forage
intake and rate of passage upon site and extent of digestion
for cattle. These concepts may then serve as the bases for
development of production and management systems of
direct benefit to producers. Texas Agricultural Experiment
Station staff have recognized this need and some of their
current efforts are reflected in the following progress re-
ports.

PR-3758

Effect of Frequency and Duration
of Grazing Annual Ryegrass

on Diet Composition

and Its Intake and Digestibility

J.P. TELFORD AND W.C. ELLIS

Summary

Frequency and duration of grazing are factors
that appear to alter both the composition of forage on
offer and that consumed. The results of these studies
suggest that for cool season forages, quantity of for-
age available and its digestibility are dominant factors
influencing the voluntary intake of the grazing ani-
mal. These factors appear to be altered by both fre-
quency and duration of grazing.

Introduction

The majority of beef cattle produced today derive
a substantial amount of their protein and energy
requirements from forages. The major factor limiting
animal performance of the foraging animal is variabil-
ity in quantity and quality of consumed forage. A
large number of foraging animals are wintered on
cool season annuals in the South where animal pro-
ductivity has been acceptable, yet variable. There-
fore, this study was conducted to determine the effect
of frequency and duration of grazing annual ryegrass
(Lolium multiflorum) pasture by steers on the composi-
tion of diets selected and its effect on intake and
digestibility.

11



Experimental Procedure

Four hectares (ha) of prepared seedbed were
fertilized and seeded with annual ryegrass on Sep-
tember 15 and allowed to grow undisturbed until the
project commenced in January. An experimental de-
sign was developed with five series of six plots per
series each separated by electrical fence to contain
0.10, 0.0151, 0.0201, 0.0401, and 0.0803 ha per plot. A
combination of three animals (A, B, C) grazed 2 days
in each plot as successive first (A), second (B), and
third (C) grazers so that the effect of duration of
grazing could be observed. Forage was allowed to
accumulate in plot series for different periods of time
to give different forage maturities, but each set of
plots varied in size so that reductions in plot sizes
were accompanied by increasing regrowth periods to
obtain similar forage availabilities. At least two collec-
tions were made for each set of plot series.

Ten bi-fistulated (esophageal and ruminal) An-
gus steers, ranging in weight from 290 to 415 kilo-
grams (kg) were used to collect samples representa-
tive of consumed forage. Esophageal samples of con-
sumed forage were collected on a daily basis in collec-
tion plots on three successive afternoons between 3
and 5 p.m. Each collector animal sampled the availa-
ble forage upon a) entering each new collection plot
beginning day one, b) 24 hours later at the beginning
of day two and c) ending of day two prior to exiting
the particular collection plot. Therefore, each animal
spent a total time of 2 days in each of three collection
plots so there was a total of 6 days’ collections.
Additional regulator animals were used to maintain
regrowth of the frequently grazed plot series to as
near targeted standing crops as possible. Standing
crop measurements of available forage were obtained
from each collection plot on the same days that con-
sumed forage samples were collected. Available for-
age samples were clipped to 2.54 centimeters (cm)
above ground level within a 0.61 square meter (m?)
quadrad. Standing crop measures were calculated
from these yield samples. In addition, a minimum of
25 individual tillers were collected (hand plucked) for
leaf and stem separation. All available, esophageal-
consumed, and hand-plucked samples were ana-
lyzed for dry matter, ash, crude protein (CP), neutral
detergent fiber (NDF), indigestible neutral detergent
fiber (INDF), and in vitro dry matter digestibility
(IVDDM). Fecal output and, subsequently, voluntary
intake estimates were determined by external marker
technique using chromium oxide impregnated paper,
or continuous infusion of CrEDTA. All data were
analyzed statistically, and differences between means
were evaluated by Duncan’s multiple range test.

Results and Discussion

Means of initial plant height, standing crop, and
grazing pressure with their respective collection dates
and regrowth periods are presented in Tables 1 and 2.
Estimates of standing crop ranged from 1,581 to 5,119
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kg DM/ha in trial 1 and 1,678 to 6,604 kg DM/ha in
trial 2. Grazing pressure expressed as kg DM per plot
per 100 kg body weight ranged from 7.9 to 47.4 in trial
1 and 9.7 to 63.8 in trial 3. Less time was required to
obtain equal amounts of forage in cycle II than in
cycle I, suggesting more favorable growth with
changing environmental conditions.

The mean composition of IVDDM, CP, and NDF
of available, consumed, and hand-plucked leaf and
stem are summarized in Table 2. The mean values of
IVDDM, CP were greater while NDF was lower in
cycle I than in cycle II, while the observed differences
between available and consumed forage chemical
composition was less in trial I than trial II. The
reported mean values of analysis for IVDDM, CP,
and NDF suggest that leaves were more digestible
and contained more crude protein and less fiber
(NDEF). The greater difference in composition be-
tween these plant parts in cycle II than cycle I could
possibly explain the differences incurred between
consumed and available forage composition.

The mean values across cycles I and II for in vivo
dry matter digestibility (DDM), fecal output (FO) and
voluntary intake (VI) are summarized in Table 4.
Estimates of DDM and VI tended to decrease with
grazer progression (A, B, C) and between cycles (I
and II), while FO tended to increase with grazer
progression (A, B, C) and between cycles (I, II). The
average DDM values were higher in cycle I than in
cycle Il and are in agreement but higher than IVDDM
estimates. These differences are a consequence of the
dynamic continuous digestive processes of rates of
passage (Kp) and digestion (Kd) occurring in the
grazing animal while the IVDDM estimates are more
a function of Kd. There were small but not always
significant increases in FO between cycle I and cycle
II (.80 vs. .82) and between grazers in cycle I (.78, .81,
.82) and cycle II (.80, .83, .84). These data indicate
that with decreasing digestibility, a small increase (5
percent) in fecal output of undigested dry matter
residues might be observed.

Mean voluntary intake estimates were greater in
cycle I than cycle II (2.90 vs. 2.74). There was a
tendency for reduced voluntary intake between B and
C grazers but not between A and B grazers. These
differences occurred as a consequence of lowered
digestibility and greater fecal outputs. The inability of
animals to process the greater fecal residues neces-
sary to maintain equal voluntary intake suggests a
limitation of either handling total tract residues or
their processing rates.

Summaries of simple and multiple regression
analysis for some components of the forage animal
relationship are presented in Table 5. These results
indicate that in cycle I, 43 percent of the variation in
consumed forage was accounted for by estimates of
available forage, while in cycle II 70 percent of the
variation was accounted for by available forage. The
higher value in cycle II could be attributed to a greater
range of sample data points from which these data
were fitted. A combination of both cycle I and II give




TABLE 1. COLLECTION DATES,

REGROWTH DAYS,

AND PLANT HEIGHT ASSOCIATED WITH RYEGRASS STUDY

Cycle I Cycle II
Plot Collection® Regrowth Plant® Collection Regrowth Plant
series date days height(cm) date days height (cm)
1 3-18 6 14.4 4-8 4 18.5
2 3-25 18 28.7 4-14 8 26.2
3 3-31 24 32.0 4-20 14 35.6
4 4-6 30 40.6 4-24 il 37:3
5 26 Initial® 36.3 4-20 50 43.2
“Initial date of 6-day collection period.
PInitial, primary growth from seedling not having been previously grazed.
“Mean height measured from ground level, N=25.
TABLE 2. ESTIMATES OF STANDING CROP AND GRAZING PRESSURE ASSOCIATED WITH RYEGRASS STUDY
Cycle I Cycle I
Plot Standing Grazing® Standing Grazing
series Grazer crop pressure crop pressure
kg DM/ha kg DM/plot/100 kg BW kg DM/ha kg DM/plot/100 kg BW
1 A 1581 42.8 2140 40.3
B 1742 48.1 2280 63.8
& 1775 47.4 2183 5541
2 A 2237 26.5 2366 3155
B 2334 27.5 2000 25.6
@ 2118 26.3 1678 1951
3 A 3625 24.5 4130 26.7
B 2796 19.3 3334 153
C 2097 14.0 2474 14.8
4 A 5119 22.9 5238 22.8
B 3894 17.2 3871 16.0
C 2915 13.6 2990 13.4
5 A 4421 12:5 6604 18.6
B 2420 7.9 4453 15:2
C - - 3270 9.7

*Grazing pressure based on kg DM per plot adjusted for plot size and animals’ body weight (kg).

TABLE 3. MEAN AND STANDARD DEVIATIONS FOR IN VITRO DRY MATTER DIGESTIBILITY (IVDDM), CRUDE PROTEIN (CP),
NEUTRAL DETERGENT FIBER (NDF) OF AVAILABLE, CONSUMED, AND HAND-PLUCKED LEAF AND STEM PARTS FOR RYEGRASS

STUDY
Cycle I Cycle I
Item A B C X A B C X
% DM

IVDDM
AVAIL! 73.417 71.56° 70.56° 71.89 64.86% 62.63° 60.89° 62.79
CONS! 721935 71.38° 70.65° 71.64 70.70? 68.15° 66.40° 68.42
LEAF? 74.60 73.52
STEM? 7179 67.46

CP
AVAIL 20.04* 18.36° 17.93° 18.76 15.36* 13.60° 13.02° 14.03
CONS 20.80* 19.03° 18.72° 19.34 19162 16.25° 14.76° 16.77
LEAF 23.48 20.35
STEM 18.65 13,92

NDF
AVAIL 51.83¢ 53.94° 55.722 53.38 61.31¢ 63.08° 63.89% 62.64
CONS 51,295 52.40° 55.41° 52.39 58.725 60.37% 59.81°° 59.65
LEAF 51.86 07,11
STEM 56.85 68.93

*Means in rows with different superscripts are significantly different (P<.05).
"Means of available consumed forage across plot series by grazer, N=45.
?Mean of leaf and stem from hand-plucked samples of individual tillers, N=15.
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TABLE 4. MEAN VALUES OF IN VIVO DRY MATTER DIGESTIBILITY (DDM), FECAL OUTPUT (FO), AND VOLUNTARY INTAKE (VI),

FROM RYEGRASS STUDY

Cycle I Cycle IT
Item A B £ X A B C X
DDM (%) 73.46% 72.57° 71.66° 72.45 71.58° 70.52° 68.13° 70.08
FO (kg/100 kg BW) 0.78° 0.81° 0.82° 0.80 0.80° 0.83° 0.84° 0.82
VI (kg/100 kg BW) 2.94% 2.95% 2.89° 2.90 2.82° 2.822 2.64° 2.74

*Means with different superscripts are different (P<.05).

TABLE 5. RELATIONSHIPS BETWEEN PARAMETERS ESTIMATED FROM THE FORAGE-ANIMAL COMPLEX OF RYEGRASS STUDY

Cycle Simple Relation R? cv
Cycle I DOM,.=38.93 + 0.45 DOM, .43 2.60
Cycle IT DOM,.=31.45+0.59 DOM, .70 3.13
CycleI & II DOM, =39.66 +0.45 DOM, .65 3.12
Cycle I DOM. =53.61+0.04 (DOM,) +.0029 (DOM,)* .43 2.61
Cydle II DOM, =39.96+0.61 (DOM,) —.0001 (DOM, ) 70 3.93
Cycle I & 11 DOM.= 6.98+1.47 (DOM,) —.0078 (DOM,)? .67 3.07
CycleI & II INTAKE=23.29+0.014 (kg DM/100 kg BW) 59 6.64
Cycle I & II INTAKE= 7.54+0.289 (DOM,) .46 7.71
Multiple Relation

Cyce I & II INTAKE=12.03+0.18 (DOM,) +0.0011
(kg DM/100 kg BW) 74 5.34
an intermediate value (65 percent). Second order TR
: PR-3759

polynomials gave only slightly better fits than did
simpler linear regression equations, but the intercept
was more biologically sound with only slightly lower
coefficients of variation. Combinations of various re-
lationships of parameters of the forage animal com-
plex with voluntary intake indicate that forage quan-
tity and its digestibility accounted for 59 and 40
percent of the variation in intake, and when com-
bined in multiple regression equations accounted for
74 percent of the variation in intake.

The results of these studies suggest that for cool
season forage, the quantity of forage available and its
digestibility are dominant factors affecting the volun-
tary intake of the grazing animal. Specific factors
relating to plant parts, rates of digestion and passage
are not available for these data but appear as factors
in altering intake and digestibility of forages. Rela-
tively constant fecal outputs would suggest that there
are inherent limits in processing undigested forage
residues. Management schemes that allow for max-
imal forage yields, not at the expense of leafy mate-
rials, appear to result in the greatest nutrient intake
per unit body weight. The frequency and duration of
grazing appear to give results that are important
considerations for obtaining acceptable intake, hence,
gains.
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Effects of Monensin
on Utilization of Grazed Ryegrass

K. R. PonD, J. P. TELFORD, AND W. C. ELLIS

Summary

Measurements of forage utilization and rates of
passage were determined for Brahman x Jersey cows
and heifers grazing ryegrass supplemented with 0
and 200 milligrams (mg) of monensin. Monensin-
supplemented animals had increased digestibility of
organic matter and neutral detergent fiber with re-
duced rates of passage.

Introduction

Previous work with cattle supplemented monen-
sin while grazing Coastal bermudagrass indicated
monensin increases digestibility of forage organic
matter and decreases rate of passage. Little informa-
tion, however, is available concerning the action and
response when monensin is supplemented to cattle
grazing cool-season annuals such as ryegrass. With
so many cattle utilizing cool-season grasses, informa-
tion is needed on the effects of monensin on intake,
digestibility, and the digestive process. The purpose
of this study was to determine the influence of
monensin on the intake, digestibility, gastrointestinal
fill, and flow of ingesta in cattle grazing ryegrass.



Experimental Procedure

Eight Brahman x Jersey cows and heifers fitted
with rumen and esophageal cannulae were placed by
pairs in four separate pastures in early May. After a 3-
week pasture adjustment period, animals were twice
daily (7 a.m. and 5 p.m.) dosed via rumen cannulae
with 4 grams (g) chromic oxide-impregnated paper to
serve as a fecal output indicator. One animal in each
pasture also received, via rumen cannulae, a gelatin
capsule containing 0.87 g rumensin premix to supply
200 mg monensin, while the other animal received a
0.87-g cottonseed meal placebo. After 5 days of adap-
tation to monensin, esophageal samples were taken
each day during the 6 days of collection. At the
beginning of collection day 1, each animal was dosed
with 50 g of dried ingested forage, obtained via
esophageal cannulae, labeled with 171uCi of **YbCl,.
Grab samples of feces were taken per rectum at 0, 6,
12, 16, 20, 24, 28, 36, 44, 48, 52, 60, 66, 72, 84, 90, 96,
108, 120, 132, and 144 hours post dosing. Samples of
available forage were taken during days 2 and 6 of the
collection period.

Sample Analysis and Calculations

Forage and fecal samples were dried at 55° C in
forced draft oven. Esophageal samples were frozen
and subsequently freeze dried. All samples were
ground through a Wiley Mill fitted with a 2-mil-
limeter (mm) screen, placed in glass bottles, and
dried in a vacuum oven at 50° C for 8 hours before
chemical analysis. Available forage and esophageal
samples were analyzed for crude protein (CP) and
neutral detergent fiber (NDF). Esophageal samples
were also analyzed for the internal marker, indigest-
ible neutral detergent fiber (INDF). Fecal samples
were analyzed for both fecal NDF and INDF.

An analysis of variance indicated no difference
(P<.1) in the composition of the esophageal NDF or
INDF due to day collected. Therefore, the mean of
four esophageal samples per animal was used to
represent the NDF and INDF composition of the daily
intake for each of the 6 days of fecal collection. INDF
was determined for 12 of the fecal samples per animal
and NDF was determined on four samples spaced
equally through the collection. Using mean values for
esophageal samples, it was possible to compute four
estimates of digestibility of fiber and 12 estimates of
digestibility of organic matter (DOM) for each animal:

_1 _ mean % INDF esophageal O.M.
ROM, Bed % INDF fecal O.M.

Dig. Fiber, % =(1 — ( 2ean % INDF esophageal O.M.

) X 100

% INDF fecal O.M.

% NDF fecal O.M.
mean % NDF esophageal O.M.

) X 100

Concentration of Chromium (Cr) in the fecal
samples was determined by atomic absorption. Since
a constant amount of Cr was administered each day,
the fecal output of undigested organic matter was

determined from the ratio of Cr administered daily to
the concentration of Cr in the fecal organic matter.
Analysis for Cr included 12 samples per animal so
that 12 individual fecal output determinations were
made per animal. Forage intake was then computed
(12 observations/animal):

Cr administered, g/day

Fecal Output O.M., Kg/day =

Forage Intake O.M., Kg/day = Fe(ci’ié ()Ol_lg)g)tl(/[l)jc]g(/)?)ay

The fecal samples were processed for radioactive
analysis and analyzed by a pulse height analyzer
equipped with a sodium iodide scintillation detector.
All counts were adjusted for decay, daily background
variation, and sample weight.

The fecal *"Yb concentration (CPM/g) vs. time
post dose curve was fitted to a two compartment,
time dependent, time delay model (1) and rate of
passage was expressed as the slower turnover rate in
this model. Fecal output and rate of passage measure-
ments were combined for undigested organic matter
fill determinations:

Fecal output O.M., Kg/day
Rate of passage x 24 h, fraction/day

UDOMF, Kg =

Results and Discussion

Chemical composition of available and con-
sumed (esophageal) forage is presented in Table 1.
All animals regardless of treatment selected forage of
higher (P<.05) protein and lower (P>.05) NDF than
in available forage. However, there was no difference
in selection due to monensin supplementation for
any of the chemical components analyzed.

Treatment means for the effect of monensin on
digestibility, fecal output, forage intake, digestible
forage intake, rate of passage, and GIT fill are pre-
sented in Table 2. It should be noted that 12 and four
separate estimates per animal were used for deter-
mining DOM and DNDF for each animal. This num-
ber of observations per animal and the use of INDF as
the internal indigestibility marker resulted in a high
ability to detect relatively small differences in digest-
ibilities. Animals receiving monensin, as compared to
controls, exhibited higher (P<.05) DOM (70.3 uvs.
67.6) and higher (P<.05) DNDF (60.9 vs. 58.8). These
increases of 4.0 percent DOM and 3.6 percent DNDF
are in general agreement with those reported for
cattle grazing Coastal bermudagrass pasture.

Animals administered monensin had reduced
(P<.1) fecal outputs per 100 kilograms (Kg) body
weight. This 10.0 percent reduction in fecal output
due to monensin is larger than reported for Coastal
bermuda. With reduced fecal outputs and increased
DOM, animals administered monensin had organic
matter intakes 2.0 percent less than those of the
controls.

Digestible organic matter intakes can be com-
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TABLE 1. CHEMICAL ANALYSIS OF AVAILABLE AND CON-
SUMED FORAGE

Consumed

Item Available
Mean SE Mean SE Mean SE

Monensin Control

Crude Protein 11.63* .24 14.06° .74 14.40° .38
NDF 64.82% ¢ 33 5497°  1.09° 56.07° .25
INDF 13,557 68 13.54° .67

*PMeans in same row with different superscripts are different (P<.05).

TABLE 2. MEAN?® EFFECTS OF MONENSIN ON THE DIGESTIVE
UTILIZATION OF GRAZED RYEGRASS

Item Control  Monensin % Change®
DOM (%) 67.6 70.3 4.0*
DNDF (%) 58.8 60.9 3.6t
Fecal Output® (Kg) 1.40 1.26 —10.0t
Forage Intake® (Kg) 4.38 4.31 =ik
DOM Intake® (Kg) 2.98 3.04 2.0
Rate of Passage (%/hr) 8.57 6.50 04 %
GIT Fill*? (Kg) .74 .92 +24.3

“N =4 animals/treatment.

*Change from control is different *(P<.05), H(P<.1).
“Per 100 Kg BW.

dGastrointestinal tract fill.

puted from the product of DOM and forage intake.
The increase in DOM associated with monensin com-
pensated for the reduced forage intake and intake of
digestible organic matter was slightly higher in ani-
mals supplemented monensin.

Rates of passage determined from '**Yb concen-
tration in fecal samples were reduced (P<.05) from
9.82 to 6.50 percent per hour with monensin sup-
plementation. In contrast, mean treatment gastroin-
testinal tract fill was numerically higher for monen-
sin-supplemented animals. The reduction in rate of
passage is in agreement with results for cattle grazing
Coastal bermudagrass where reductions of 5 to 20
percent per hour due to monensin were reported.

With a reduction in the rate of passage and an
increased time of exposure to the digestive processes,
the observed increase in digestibility would be ex-
pected. Specifically, if monensin did not affect the
rate of digestion, the digestibility of the more slowly
digested components (fiber) would expectedly be in-
creased. The method of reducing the rate of passage
is unclear. It is possible, though, that the reduction in
rate of passage may alter other digestive patterns
than digestibility.

It is clear that monensin has dramatic effects on
the dynamics of the digestive process. Although this
study utilized only a few animals, treatment differ-
ences were evident. Similar studies with more ani-
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mals are currently in progress to quantify intake, rate
of passage, and GIT fill in cattle supplemented
monensin.
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PR-3760
Digestibility and Selective Intake
of Ryegrass and Sorghum Silages
by Yearling Steers

H. LIPPKE

Summary

Ryegrass and sorghum silages were offered in
various proportions to 14 yearling steers to determine
intake and digestibility of diets selected. Intake and
digestibility increased as the proportion of ryegrass in
the diet increased and reached a maximum when
intake was 2.8 percent of body weight and digestible
organic matter was about 65 percent.

Introduction

Increased digestibility is one objective of current
breeding programs for improved forage species.
While there is considerable room for improvement in
digestibility of many warm-season perennial species,
the cool-season annuals (small grains) apparently ex-
ceed the level of digestibility needed by yearling
steers during much of the growing season. Research
with mixed diets (1) has shown that as digestibility
increases beyond 65 percent, intake decreases so as to
maintain a relatively constant energy intake.

This experiment was conducted to determine
whether a similar situation exists for forage diets and
to provide possible guidelines to plant breeders in
their quest for forages of higher digestibility.

Experimental Procedure

An intermediate-type forage sorghum was har-
vested in the soft-dough stage and stored in a 32-foot
x 84-foot bunker silo. Moisture content at feeding
averaged 69 percent.

Gulf ryegrass was harvested in early February
and ensiled in two 6-foot x 12-foot silos. A mixture of
formic acid and formaldehyde was added at the blow-
er at the rate of 1.5 percent and 1.2 percent of forage
dry matter, respectively. Extensive drainage occurred




during the ensiling process, resulting in a slightly
lower moisture content at feeding (81 percent) than at
harvest (82 percent).

Fourteen yearling steers, % Hereford-Y4 Angus,
were each placed in a 6-foot x 16-foot concrete-floored
pen which extended 4 feet beyond the eve of the
feeding barn. Welded rod panels were used in pen
construction to allow maximum visibility among ani-
mals, thereby stimulating feeding activity. All ani-
mals had free access to water and salt.

During the 15-day intake trial, silages needed for
each day’s feeding were taken from the silos once
daily. Amounts that would be consumed within 3
hours were fed immediately. The remainder was
placed in plastic bags (15 pounds/bag), successively
evacuated and gassed with carbon dioxide twice to
inhibit spoilage, and fed as needed. Once daily, orts
were removed, weighed, and sampled for dry matter
and chemical analyses. Silages were sampled as they
were weighed.

Eight of the 14 steers were retained for the diges-
tion trial. Feeding management was the same as for
the intake trial except that each animal was restricted
to 90 percent of the amounts consumed during the
intake trial. Fecal collection began on the third day of
the trial and continued for 7 days. Samples of feed
and feces were frozen when collected and analyzed
without drying.

Results and Discussion

Results of analyses shown in Table 2 indicate that
ryegrass silage was superior to sorghum silage. This
is confirmed by the intake and digestibility data
shown in Table 3. Because intake for one animal on

TABLE 1. TREATMENTS FOR INTAKE TRIAL

Amounts Offered

Trt No. of steers Ryegrass silage Sorghum silage
1 2 none ad lib.

2 2 .3 X main.! ad lib.

3 1 .6 X main.? ad lib.

4 1 ad lib. .6 X main.?

5 2 ad lib. .3 X main.!

6 4 ad lib. ad lib.

7 2 ad lib. none

!An amount anticipated to supply .3 X maintenance energy requirements.
*An amount anticipated to supply .6 X maintenance energy requirements.

TABLE 2. COMPONENTS OF RYEGRASS AND SORGHUM SI-
LAGES

Organic Matter Protein Fiber!
%
Ryegrass 86.8 22.3 43.5
Sorghum 94.5 5.0 51.7

'Neutral detergent fiber.

TABLE 3. INTAKE AND DIGESTIBILITY

Dry Matter
Intake Digestibility
Trt Ryegrass Sorghum Organic Matter Fiber
% of BW %
1 -- 1.82 60.0 49.9
2 0.38 1.60 61.9 52.0
3 0.74 1.55 63.1 53.2
4 1.87 0.89 64.5 57.0
5 1595 0.45 66.4 61.7
6 2.49 0.35 66.22 —~
7. 2.35 -- 68.9 63.7

'Neutral detergent fiber.
*Calculated value.

treatment 1 was abnormally low, data for that animal
was not used.

Obviously, intake and digestibility increased
with increasing proportion of ryegrass in the diet. All
animals on treatments 4 and 6 appeared to reach a
maximum energy intake, which was enough to allow
2.7 pounds daily gain by animals of this size. Note
that animals in treatments 4 and 5 effectively had the
same opportunity for selection as those in treatment
6. They chose, however, to consume larger amounts
of sorghum silage, almost all that was offered, and
lesser amounts of ryegrass silage than those in treat-
ment 6, where there was free access to both silages.
Visual observations during the trial, together with
intake comparisons among treatments, indicate that
cattle are subject to a ‘shortage philosophy’ wherein
they tend to wait for the arrival of a feedstuff per-
ceived to be in short supply rather than consume the
feedstuff at hand. Whether this was also the cause for
lower intake by steers in treatment 7 is not clear. The
net result was that animals in treatments 5 and 7 had
reduced intakes of digestible energy and potential

ain.

. These data agree with experiments using mixed
diets (1) that indicate producing cattle reach a max-
imum intake level at about 65 percent organic matter
digestibility. These data further show that cattle do
not voluntarily select a diet of higher digestibility
than that needed to provide moderately high levels of
production.

The interaction of feeding management and ani-
mal behavior apparently acts to reduce intake in
subtle ways. Such observations are frequently made
but are only now beginning to be investigated experi-
mentally.
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Effect of Monensin on Performance
of Calves Grazing Bermudagrass

F.M. ROUQUETTE, JR., J.L. GRIFFIN,
R.D. RANDEL, AND L.H. CARROLL

Summary

Two trials were conducted to determine the in-
fluence of monensin on live weight gain and efficien-
cy of forage utilization of calves grazing bermu-
dagrass. In Trial 1, 32 calves, weaned at an average
age of 238 days and 250 kilograms (kg),were grazed
on ‘Coastcross I’ bermudagrass from July 20 to Octo-
ber 13. Eight steers and eight heifers were randomly
placed into each of two treatments receiving either
200 milligrams per head per day (mg/hd/da) monen-
sin or 0 mg/hd/da monensin in a .91 kg/hd/da ration
of pelletized 14 percent protein feed. Both groups
were stocked at 15.3 hd/ha. Monensin-fed calves
gained .52 kg/hd/da, whereas, the control-fed calves
gained .42 kg/hd/da (P<.10). Average daily gains
(ADG) of steers at .54 kg were greater (P<.05) than
those of heifers at .40 kg. Forage:gain ratio estimates
were 15:1 and 19:1, respectively, for calves on monen-
sin and control paddocks.

In Trial 2, 48 steer calves with an average age of
265 days and an average weight of 260 kg were
randomly assigned to each of two replicates of the
following grazing treatments: common bermudagrass
only (P); bermudagrass + .91 kg/hd/da 14 percent
protein feed (PF); or bermudagrass + .91 kg/hd/da
feed + 200 mg/hd/da monensin (PEM). Steer ADG
were .45, .47, and .68 kg, respectively, for P, PF, and
PFM. The monensin-fed calves showed a 45-percent
improvement (P<.05) in ADG. Estimated forage:gain
ratios for calves on P, PF, and PFM were 20.5:1, 19:1,
and 13:1, respectively.

The use of 200 mg/hd/da monensin improved calf
gains 23 to 45 percent and increased estimated feed
efficiencies 21 to 36 percent on bermudagrass pas-
tures. The increased gain response of heifers to
monensin was 28.6 percent, whereas, steer gains
improved 18.4 percent when fed monensin.

Introduction

The concept of continuous ownership from birth
to slaughter provides certain economic incentives
which, in turn, challenge management expertise for
maximum utilization of forage crops. Improvements
in live weight gains and concomitant improvements
in forage:gain efficiencies from high fiber-containing
forage would be a significant advancement over cur-
rent management practices. With the introduction of
improved grass species adapted to the region, and
improved soil fertility practices (2), acceptable beef
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production management systems have been made
available (3). However, warm-season perennial grass-
es, the basic forage unit of the eastern one-third of
Texas and for most of the humid south, possess the
lowest nutrient value per unit dry matter of any class
of forage. Therefore, improvements in forage:gain
efficiencies may be directed toward techniques that
either increase nutritive value via plant breeding or
selection, promote animal gains via external chemical
additives, and/or substitute energy sources via exter-
nal feed nutrients.

Monensin, a biologically active, non-hormone
compound which has been shown to alter rumen
fermentation patterns in cattle (8), is one of several
external chemical additives currently used to promote
animal performance. Many researchers have shown
that monensin increases feed efficiency (6,7) and
weight gains (5, 9) for both mature and growing
cattle. The purpose of this study was to measure
weanling calf performance from fall-born calves graz-
ing bermudagrass with and without the addition of
dietary monensin.

Experimental Procedure
Trial 1

Thirty-two half-sibling calves (Y2 Simmental x Y4
Brahman x ¥4 Hereford) were assigned to a 2x2 facto-
rial arrangement of treatments (sex x feed). Equal
numbers of steers and heifers, weighing approxi-
mately 250 kg at weaning, were evenly stratified by
weight and pre-weaning treatments into the post-
weaning treatment groups. Steers and heifers receiv-
ing the same feed treatment were placed in the same
paddock on July 20. Feed treatments consisted of 200
mg monensin and 0 mg monensin fed daily in .91 kg
of a 14 percent protein (commercial, all plant protein)
creep pellet. Both groups of calves were weighed and
placed on 1.1-hectare (ha) paddocks of a mixed sward
of Coastcross I and common bermudagrass. Calves
were reweighed after 7 days and at 21-day intervals
thereafter. Each paddock received 112 kg/ha nitrogen
on July 6 and again on August 30. Calves grazed the
same paddock continuously during the entire test
period at a stocking rate of 15.3 animals/ha.

Forage from each paddock was sampled at 14-
day intervals for both dry matter availability and
nutritive value. Chemical analyses consisted of (a)
neutral detergent fiber (NDF) (11); (b) in vitro diges-
tion of NDF (IVNDF) (10); and (c) crude protein via
micro-Kjeldahl.

Forage dry matter production was estimated by
hand clipping bermudagrass to ground level at 14-
day intervals by the cage-difference technique (1).
Forage disappearance was also estimated by cage
difference and included that quantity of bermu-
dagrass which was consumed, trampled, or lost due
to other factors. Forage:gain ratios were calculated for
each paddock and compared among treatments.

Trial 2
Forty-eight weanling steer calves with an aver-




age weight of 260 kg, an average age of 265 days, and
from a herd of F-1 (Brahman x Hereford) cows and
either a Charolais or Brangus bull were evenly
stratified by weight, breed, and pre-weaning treat-
ment into six groups. Three %2 Charolais and five 2
Brangus steers were randomly assigned to each of
two replicates of the following treatments: (a) pasture
only; (b) pasture + .91 kg/hd/da of a 14-percent
protein pelletized feed; and (c) pasture + .91
kg/hd/da feed + 200 mg/hd/da monensin. Each eight-
animal group was placed on a 1.1 ha common bermu-
dagrass paddock at initiation of the trial, July 18,
weighed after a 7-day adjustment period, and
weighed thereafter on 21-day intervals. On each
weigh day, all groups were rotated to a different
paddock in an attempt to equalize forage availability
across treatments. The stocking rate on each paddock
was 7.3 animals/ha. All paddocks received 112-112-
112 kg/ha N-P,05-K,O two weeks prior to initiation of
grazing and 112 kg/ha nitrogen at the mid-point of
the trial.

Forage sampled for chemical analyses and the
analyses of NDF, IVNDF, and protein were con-
ducted identical to those in Trial 1. Forage dry matter
production and disappearance was also estimated via
the cage difference technique as used in Trial 1.
However, a rotary mower was used to cut the bermu-
dagrass to a 5-cm height. Forage:gain ratios were
calculated for each paddock.

Results and Discussion

Trial 1

The influence of monensin and sex of animal on
average daily live weight gain (ADG) is shown in
Table 1. Both heifers and steers showed approximate-
ly .10 kg increase in ADG as a result of the addition of
200 mg monensin to the ration (P<.10). Although
there was a similarity in the absolute ADG increase,
the improvement due to monensin was 28.6 percent
for heifers and 18.4 percent for steers. Weight gain
comparisons due to sex of calf showed a significant
(P<.05) advantage in favor of the steers. It was of
particular interest that the inclusion of monensin in

TABLE 1. PERFORMANCE OF STEERS AND HEIFERS GRAZING
‘COASTCROSS I' BERMUDAGRASS AND RECEIVING SUPPLE-
MENTAL FEED

July 20 to October 13
Average Daily Gain

Heifers Steers
Paddock kg Gain‘ha kg Gain/ha Avg(kg) Gain/ha
Control* .35 455 .49 637 42¢ 546
Monensin® .45 585 .58 754 .52f 663
Avg 405 no0 Y 02

*Calves received 0 mg/hd/da monensin.
PCalves received 200 mg/hd/da monensin.
“dSignificant (P<.05) effect due to sex of calf.
“Significant (P<.10) effect due to monensin.

the ration accelerated the heifer gains to nearly those
of the control steer gains. Live weight gains/ha were
546 and 663 kg, respectively, for control feed and
monensin-supplemented feed. Steer and heifer
gains/ha were 702 and 520 kg, respectively. Steers
which received monensin in their diet exhibited gains
of 754 kg/ha compared with 637 kg/ha in control-fed
steers.

Approximately half of the total forage production
of bermudagrass occurs during May to July and half
from August to October. By waiting until mid-
summer (July 20) to accommodate the overall objec-
tives of maximum forage input on fall-born calves,
only about one-half of the animal gain capabilities of
this forage have been utilized. Therefore, by initiating
the grazing-feeding trial at an earlier date (May 1),
steer gains which approach 1400 kg/ha appear to be
well within the range of biological possibilities from
the high-quality warm-season grasses.

Forage availability was not significantly different
between the control and monensin paddocks
throughout the sampling period (Table 2). Therefore,
any animal performance differences that occurred
were not confounded with grazing pressure or stock-
ing rate. And, since there was approximately 4000
kg/ha dry matter available thoughout the trial, indi-
vidual animal performance was not restricted by
grazing pressure. Forage production and disappear-
ance estimates for the monensin paddock were 12,463
and 10,151 kg/ha respectively, whereas, the control
paddock estimates were 12,589 and 10,384 kg/ha,
respectively. By using the live weight gains of 663
and 546 kg/ha, respective forage:gain ratios were 15:1
and 19:1 for cattle on monensin and control pad-
docks. The difference in these estimates of forage:
gain represents a 20-percent improvement in feed
efficiency from the monensin-fed calves. Others have
shown that monensin may improve feed/gain ratio
under various feeding and /or grazing conditions (4,
5,6, 7.9

The nutritive value of the forage was similar for
both treatment groups thoughout the sampling
period (Figures 1 and 2). The marked improvement in
percent protein and in vitro digestion of neutral deter-

TABLE 2. FORAGE AVAILABILITY IN ‘COASTCROSS I' BERMU-
DAGRASS PADDOCKS

Paddocks
Date Monensin® Conrol® Avg
(kg dry matter/ha)

7-20 4333 3812 4073
8-3 4126 4090 4108
8-17 4322 3703 4013
9-2 4158 4962 4560
9-17 4247 4761 4504
10-1 3994 4858 4426
10-20 2312 2205 2259
Avg 3927 4056

*Cattle received 200 mg/hd/da monensin.
bCattle received 0 mg/hd/da monensin.
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gent fiber at the mid-point of the trial was a result of
the frequent occurrences of rainfall and a nitrogen
fertilizer application.

Trial 2

The influence of .91 kg/ha/da of a supplemental
feed and 200 mg/hd/da monensin over that of non-
fed, pasture-only steers is shown in Table 3. Gains
from steers which received approximately .35 percent
of their body weight in feed were not different from
the gains from steers receiving pasture only. Thus,
the .91 kg/hd/da was used in a substitutive manner
rather than an additive manner. A feed level greater
than .35 percent of body weight is therefore needed
to significantly enhance the gain of steers on warm-
season grasses. Monensin was primarily responsible
for the additional .21 kg/hd/da steer gain (P<.05).

TABLE 3. PERFORMANCE OF STEERS GRAZING COMMON
BERMUDAGRASS AND RECEIVING SUPPLEMENTAL FEED

July 25 to September 26

Paddock Daily gain
: (kg)
Pasture only .452
Pasture + feed L
Pasture + feed + monensin .68

*®Means with different superscripts are significantly different (P<.05).

This represented a 45-percent improvement in animal
performance. Although the monensin-fed steers in
Trial 2 exceeded the similar group in Trial 1, steer
ADG from pasture plus supplemental feed was near-
ly identical in both trials.

Figure 1. Neutral detergent fiber (NDF)
and percent protein of forage sampled
from control (C) and monensin (M) pad-
docks.

Figure 2. In vitro digestibility of neutral
detergent fiber (IVDNDF) of forage
sampled from control (C) and monensin
(M) paddocks.
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The similarity of forage availability that was pre-
sent at any one date is shown in Table 4. Differences
between the quantity of forage available in Trial 1 and
Trial 2 were due primarily to sampling procedure. It
was concluded that forage quantity available for con-
sumption did not restrict steer performance. Es-
timated forage:gain ratios for pasture only, pasture +
creep, and pasture + creep + monensin were 20.5:1,
19:1, and 13:1, respectively. As reported in the previ-

TABLE 4. FORAGE DRY MATTER AVAILABLE ABOVE A 5-CM
HEIGHT IN BERMUDAGRASS PADDOCKS

Pasture +
Pasture Pasture + feed +
Date only feed monensin Average
(kg/ha)

July 25 1703 1324 1525 1517
Aug 15 1502 1725 1026 1418
Sept 5 985 821 450 752
Sept 26 573 334 844 584
Avg 1191 1051 961

ous trial, there appears to be a substantial improve-
ment in forage:gain efficiency from monensin.

Nutritive parameters from the treatment pad-
docks are shown in Table 5. Although seasonal
trends of the bermudagrass forage were evident,
there was close agreement among treatment pad-
docks for any one sampling date. Animal perform-
ance differences which occurred could not be at-
tributed to variations in quality of forage, but rather
were a result of the addition of monensin to the diet.

Based on the data from these two trials, incorpo-
ration of monensin into the rumen appears to have a
biological advantage for cattle grazing relatively low
energy-containing forages such as bermudagrasses.
The magnitude of the biological gain advantage was
modified by sex of the animals. Monensin increased
ADG and efficiency of utilization of bermudagrass.
Results of these trials suggest that carrying capacities
may possibly be increased via improved forage utili-
zation. The economic feasibility of this program,
however, is based largely on the structure of the
cattle market and cost of supplemental feed used as a
carrier for monensin rather than costs attributed to
monensin alone.

TABLE 5. PERCENT PROTEIN, NEUTRAL DETERGENT FIBER (NDF), AND IN VITRO DIGESTION OF NDF (IVDNDF) OF FORAGE IN

BERMUDAGRASS PADDOCKS

Protein NDF IVDNDF
(%) (%) (%)

Date P PF® PEM® Average P ER PFM Average P BE PFM Average
Jul 25 12.0 12.8 12.0 12.3 70.4 70.1 70.7 70.4 54.4 50.5 51.1 52.0
Aug 15 14.3 14.8 14.4 14.5 714 70.4 69.0 70.3 515 54.6 54.3 53.5
Sept 5 18.1 17.3 16.2 17:2; 68.6 68.1 69.3 68.7 57.4 57.8 55.2 56.8
Sept 26 1731 17.2 16.7 17.0 66.4 69.9 69.6 68.6 57.0 57.0 54.0 56.0
Avg 15.4 15.5 14.8 69.2 69.6 69.7 55.1 55.0 53.7
“Pasture only.

PPasture + feed.
‘Pasture + feed + monensin.
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PR-3762

Effect of Monensin on Rate-of-Gain
in Stocker Calves Grazing Dormant,
Native Rangeland in West-Central Texas

J.E. HusTON AND DON SPILLER

Summary

A study was conducted to determine the effects
of supplemental feed on rate-of-gain of calves [460
pounds (Ib)] grazing dormant, native rangeland.
Treatments included: (1) control (mineral supplement
only), (2) supplemental feed [3 pounds per head per
day (Ib/hd/day)], (3) supplemental feed plus low
monensin 100 milligrams (mg)/hd/day, and (4) sup-
plemental feed plus high monensin (200 mg/hd/day).
Rates of gain during the 100-day study were: 0.56,
1.06, 1.01, and 0.86 Ib/hd/day for the four treatments,
respectively. The low rate-of-gain of the control
group indicated that the nutrient composition of diet
selected from dormant range forage limited growth of
stocker calves. Supplemental feed at 3 Ib/hd/day in-
creased growth rate to approximately twice the rate of
control calves. Monensin at 100 mg/hd/day did not
significantly affect growth rate but at 200 mg/hd/day
significantly depressed growth rate (P<.10). These
results suggest that under the conditions of this
study, monensin at 100 mg/hd/day and above will not
increase growth rate and may have an adverse effect.
Studies with monensin at levels below 100 mg/hd/day
are needed to determine the optimum level for
growth rate in calves grazing poor quality vegetation.

Introduction

Monensin is a feed additive which improves feed
efficiency in feedlot cattle with little, if any, effect on
daily gain (5,8). Cattle fed monensin at 50 to 200
mg/hd/day have a lower proportion of acetic acid,
compared with propionic acid in the rumen (7), and a
lower dry matter intake (4), compared with cattle fed
control diets.

Studies with pasture cattle under good grazing
conditions indicate that monensin up to 200
mg/hd/day may increase rate-of-gain (3,6). However,
under a poor dietary situation on poor quality vegeta-
tion, gain was not increased by feeding monensin at
200 mg/hd/day (1). Lemenager et al. (2) reported that
monensin reduced voluntary intake and slowed ru-
men turnover in cattle fed harvested range grass. A
study was conducted to determine the effects of
supplemental feed and two levels of monensin (100
and 200 mg/hd/day) on gain of stocker calves grazing
poor quality winter forage.
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Experimental Procedure

Seventy-six Hereford x Brangus calves averaging
459 pounds were assigned randomly to four treat-
ment groups of 19 calves per group. The calves were
grazed in four experimental pastures of approximate-
ly uniform size and vegetative type. Experimental
feeds (Table 1) were fed during a 100-day treatment
period beginning December 20, 1978. Group 1 re-
ceived a mineral supplement free choice, which pro-
vided for phosphorous intake equal to that supplied
by the other feed supplements. Groups 2, 3, and 4
were fed an equivalent of 3 Ib/hd/day in three equal
amounts per week. The groups were rotated among
pastures at 25-day intervals to remove pasture effects.
Weights were taken at the beginning and at termina-
tion of the trial.

Results and Discussion

Range conditions during the trial appeared nor-
mal for the area. Dormant vegetation was plentiful
but low in quality. Texas wintergrass and some forbs
and browse provided a limited amount of live vegeta-
tion for diet selection. In previous studies under
similar conditions, cattle diets selected from the avail-
able vegetation contained approximately 6, 45, and
0.10 percent crude protein, digestible organic matter
and phosphorus, respectively.

Overall results of the study reflect dietary condi-
tions (Table 2). The low gains of cattle in group 1 were
the result of inadequate protein and energy intake.
The supplemental protein and energy provided to
group 2 significantly increased gain to approximately
twice the level of group 1. Monensin at 100 mg/
hd/day did not further increase gain, and at 200
mg/hd/day significantly depressed gain (P<.10),
compared with group 2.

These results confirm those of a previous study
(1) which suggested that monensin at 200 mg/hd/day
could reduce gain in calves grazing low quality for-

TABLE 1. COMPOSITION OF FEED SUPPLEMENTS IN A STUDY
TO DETERMINE THE EFFECT OF MONENSIN ON RATE-OF-
GAIN IN STOCKER CALVES, %

Supplement’

Ingredient 1 2 3 4
Cottonseed meal 5 70 70 70
Sorghum grain - 28 28 28
Dicalcium phosphate 50 = = =
Salt (NaCl) 45 - - -
Molasses - 2 2 2
Monensin - - (+)? ()2

100 100 100 100

1Su‘pplement 1 fed to group 1, free choice. Supplements 2, 3 and 4 fed to
groups 2, 3, and 4, respectively, at the equivalent of 3 Ib/hd/day.
*Monensin included at a level of 67 g/ton to provide 100 mg in 3 Ib of
supplement.

*Monensin included at a level of 133 g/ton to provide 200 mg in 3 Ib of
supplement.



TABLE 2. EFFECTS OF SUPPLEMENTAL FEED AND MONENSIN AT TWO LEVELS ON RATE-OF-GAIN OF CALVES GRAZING

DORMANT, NATIVE RANGELAND

Treatment
1 2 3 4
Phosphorus Concentrate Concentrate Concentrate
only only plus 100 mg plus 200 mg
Item monensin monensin
Number of calves 19 19 19 19
Body weights (1b)
Initial 454.3 463.0 449.9 468.2
Final 510.8 569.4 551.3 554.7
Gain 56.5 106.4 101.4 86.5
Avg. daily gain (lb) 0.56° 1.06° 1201= 0.86°
2b<Gains which do not share a common superscript are significantly different (P<.10).
age. Although the cause of the adverse effect of PR-3763
monensin under conditions of this study is not clear, &

it is probably mediated through the demonstrated
effects of slowed rumen turnover (2) and reduced
voluntary intake (4). Monensin at lower levels (below
100 mg/hd/day) may increase gains but additional
studies with lower levels of monensin are required to
identify the optimum for these range conditions.
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Probabilistic Determination
of Kleingrass Growth

and Consequent Performance
of Grazing Steers

J. N. GUERRERO, H. WU, E. C. HoLr,
B. E. CONRAD, AND L. M. SCHAKE

Summary

A mathematical simulation model that probabi-
listically determines climatological input to a soil
moisture model and ultimately a Kleingrass growth
model illustrates how various management decisions
concerning the grazing of steers may be evaluated
given uncertainty of weather. Annual precipitation
resulted in an unsatisfactory prediction of annual
cumulative forage growth. Differences in the use of
British standards and U.S. standards in the calcula-
tion of animal performance were apparent, although
not statistically different (P<.05). Heavier stocking
rates yielded greater production (P<.05) per hectare
than lighter stocking rates; however, variability was
much greater. Steers at lighter stocking rates
achieved heavier weights (P<.05). Four management
schemes were analyzed and the alternative that in-
troduced steers when sufficient forage was available
but removed them immediately upon the depletion of
forage resulted in greater steer gains.

Introduction

Weather is perhaps one of the greatest risk fac-
tors that confront the cattle producer. Average pre-
cipitation and temperature may have little meaning to
the cattle producer because of the great variability of
the weather. Systems analysis and simulation are
methods by which mathematical forms and computer
technology may be utilized to study and analyze
complex production or biological systems. The Texas
A&M University beef cattle production model (8)
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determines cattle production given genetically di-
verse cattle under a variety of given feed inputs.

However, given the great variability in weather
and, consequently, forage growth, a mathematical
model that probabilistically determines forage growth
would be of value to the producer because risk factors
could then be assigned to the various management
and stocking rate decisions that daily confront cattle-
men. The purpose of this research was to probabilis-
tically determine the growth and consumption of
Kleingrass (Panicum coloratum L.) by growing beef
steers without a priori knowledge of temperatures,
precipitation and forage growth.

Experimental Procedure

For a 20-year period (1957-1976) temperature and
rainfall data were obtained from Beeville and their
frequencies determined (5). Correlations between
temperature and rainfall were established, and
monthly data determined by a computer random
number generator. Moisture retention curves were
fitted to data previously obtained in soil samples from
the Texas A&M University Agricultural Research Sta-
tion at Beeville ( E. C. Holt, unpublished data). A
water-balance model based upon previous work (7)
was used to calculate the amount of available water in
the soil profile at any given time.

Temperature, stocking rate, and available soil
moisture were the variables that affected forage
growth. Constant soil fertility due to fertilization was
assumed. Monthly forage growth, adjusted down-
ward for the effects of trampling, was then deter-
mined (2).

In order to determine the performance of grazing
animals in relation to grazing pressure, data from
B. E. Conrad (unpublished data) were obtained and
fitted into the equation:

1) G =K M- MY

where G = average daily gain, kg/day
M = grazing pressure, kg forage/(100 kg
body wt./ha/day)
M, = grazing pressure at maintenance
and k, A = shape parameters.

Many authors (4) have concluded that animal
performance and intake are highly correlated (r=1);
equation 1 could then be adjusted to determine intake
of forage:

2) IN = lf)\ [(M+Xg)! =M M+

IN = intake as a percent of body weight

Xo = a shift along the X-axis
Ip = a shift along the Y-axis.
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Two energy systems were analyzed for the pur-
pose of determining cattle performance from given
feed inputs (1, 6), and data were obtained concerning
the in vitro digestibility of Kleingrass over time (E. C.
Holt, unpublished data). Given forage availability
and forage quality, two separate estimates of intake
were determined. The minimum value of intake was
chosen since either availability or quality could be a
limiting factor controlling intake. One of these two
intake estimates was used to determine animal per-
formance. Three stocking rates were used: 2.47 head-
/ha, 4.32 head/ha, and 6.1 head/ha. Steer calves en-
tered each grazing system weighing 250 kilograms.
Four management schemes were evaluated:

A) Calves are contracted to be on the pasture
April 1. If at any time forage becomes una-
vailable, animals lose weight to 200 kg, or
gain weight to 365 kg, then animals are auto-
matically withdrawn from the paddock.

B) At least 750, 1,250 or 1,650 kg of forage/ha
must be available at the light, medium and
heavy stocking rates, respectively, before ani-
mals are introduced onto the paddock. Ani-
mals are withdrawn as in A.

C) This scheme is similar to A except that if
forage becomes unavailable animals are kept
on the paddock until the end of the current
month. The next month a decision based
upon the occurrence of any new forage
growth is made as to whether the calves
should remain on the paddock or not.

D) This scheme is similar to B with the exception
of withdrawal to animals. D altered B in the
same manner that C altered A.

Results and Discussion

Forage production and, consequently, animal
production were based upon random (probabilistic)
weather variables. Means between monthly mean
maximum temperature, mean maximum temperature
and annual precipitation were similar (P<.05) for the
simulated data and the historical climatological data
from Beeville. For light, medium and heavy stocking,
the mean and standard deviation for cumulative
growth of Kleingrass was X = 3820.07,
S.D. = 2504.20, X = 5309.26, S.D. = 3163.48, and
X = 5717.88, S.D. = 3329.85 kg/ha, respectively.

A representation of how equation 1 was utilized
for what was classified as high quality forage is given
in Figure 1; how a curve for gain may be used to
calculate forage intake is represented in Figure 2.
Weight gains over time at a light stocking rate using
the N.R.C. system are given in Figure 3; and the same
are presented using the A.R.C. system in Figure 4.
During periods of high quality forage the A.R.C.
system predicted higher gains than the N.R.C. sys-
tem and during periods of low quality forage the
A.R.C. system predicted lower gains than the N.R.C.
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data.)

system, although differences were not statistically
different (P<.05).

An example of model output is presented in
Tables 1 and 2 under scheme A, a light stocking rate,
and the N.R.C. system. Twenty-four different combi-
nations of schemes, stocking rates and energy sys-

tems were analyzed. Cumulative weight gain/ha was
higher (P<.05) for the heavier stocking rate than for
the medium and lighter stocking rates, but was much
more variable. However, steers at lighter stocking
rates were withdrawn from the paddock at heavier
weights (P<.05).
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TABLE 1. SAMPLE MODEL OUTPUT WITH LIGHT STOCKING RATE®
ik rature, C° Rain, cmP Kleingrass
il i = Evapotran- Soil growth, kg of
Month Min. Max. Mean Total Runoff Effective spiration, cm moisture, cm dry matter/ha
January 8.61 19.72 14.17 5.66 .81 4.84 2.82 14.73 .00
February 8.61 19.72 14.17. 11.16 .18 10.98 2.73 16.08 .00
March 11.39 25.28 18.33 1.24 .00 .64 5.86 11.47 975.00
April 14.17 25.28 19.72 .64 .00 .64 7.23 4.87 1,921.00
May 19.72 30.83 25.28 15.58 5,31 10.27 14.04 421 270.42
June 22.50 33.61 28.06 3.82 .00 3.82 17.95 .00 .00
July 22.50 33.61 28.06 7.89 167 7.32 18.26 .00 10.21
August 22.50 36.39 29.44 4.02 .00 4.02 19.59 .00 .00
September 22.50 33.61 28.06 17.57 1.69 15.88 15.78 2.17 1,385.21
October 14.17 28.06 21.11 10.93 .16 10.78 7.77 5.70 761.11
November 11.39 25.28 18.33 1.76 .00 1.76 5.12 3.13 .00
December 5.83 19.72 12.78 1533 .00 1.33 2.19 2.98 .00

*Management option A with N.R.C. energy system.
PEffective rainfall = Total-runoff.
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TABLE 2. SAMPLE OF MODEL OUTPUT WITH LIGHT STOCKING RATE?

: Dail
Sengmie. Weight of Steer gain stee¥
Month Available® Consumed® steer, kg per ha, kg gain, kg
January .00 .00 250.00 .00 .00
February .00 .00 250.00 .00 .00
March 926.00 .00 250.00 .00 .00
April 2,169.04 632.07 288.76 95.76 1.29
May 1,685.58 665.58 325.91 91.81 1.24
June 1,137.57 547.61 337:22 27.93 .38
July 679.39 425.03 337.33 .28 .00
August 252.89 410.36 33575 —3.89 —105
September 1,017.04 602.08 351.80 39.64 53
October 1,237.38 469.49 365.48 33.81 .46
November 1,191.60 .00 365.48 .00 .00
December 1,147.80 .00 365.48 .00 .00
“Management option A with N.R.C.
"Standing forage at the end of the month.
“Monthly forage consumption.
Annual rainfall and total cumulative forage pro- 'PR—W
duction are not highly correlated, which agrees with g

previous work (3). Post precipitation runoff, rainfall
distribution and the importance of winter rainfall
help to explain the reason that annual precipitation is
not a good predictor of total forage yield. Soil mois-
ture seems to be a better estimator of growth than
rainfall. Waiting for sufficient forage to be on the
ground and then withdrawing animals as soon as
forage becomes nonexistent appears to be the best
management scheme of those analyzed.
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Interaction Between Levels
of Monensin and Dietary Protein
on Grazed Forage Utilization

D. S. DELANEY AND W. C. ELLIS

Summary

The effects of dietary supplementation of mon-
ensin [0,100 or 200 milligrams per head per day
(mg/head/day)] and crude protein [210 grams
(gm)/head/day] on intake and fiber digestibility were
determined for 30 Angus or Hereford heifers grazing
winter dormant common bermudagrass. Both protein
alone and monensin alone increased (P<.05) digest-
ibility of neutral detergent fiber. Monensin signifi-
cantly (P<.05) decreased intake at both levels of
supplementation.

Introduction

Crude protein content is frequently a limiting
factor in the intake and utilization of poor quality
forages by grazing animals. This limitation may be
due to decreases in cellulytic bacterial growth (accom-
panied by lower concentrations of their cellulytic
enzyme) which results from low dietary protein
levels. Since a major factor governing forage intake is
the rate of ruminal fiber digestion and passage (2),
any increase in bacterial growth rate should also
increase digestibility and intake. Previous studies (5)
have shown monensin to increase the digestibility of
fiber by cattle grazing low quality forages. These
increases in digestibility have been accompanied by
decreases in intake and rates of passage. It is
theorized this increase in digestibility may be due to a
slower rate of passage which increases the exposure
time of dietary fiber to microbial enzyme attack. The
purpose of this experiment was to determine what
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effects and interactions monensin and crude protein
supplementation might have on intake and digestibil-
ity of low quality forage by heifers.

Experimental Procedure

In December, 1979, 30 Angus or Hereford heifers
were placed on trial in a 13-hectare, winter dormant,
common bermudagrass pasture. Heifers were ran-
domly assigned to two groups of 15 animals each to
receive 454 gm of grain sorghum (12 percent crude
protein) or cottonseed meal (46 percent crude pro-
tein). Groups were further divided into three sub-
groups of five animals each to receive 0, 100 or 200 mg
monensin/head/day. Animals were penned daily and
fed their respective supplement. After a 6-day adjust-
ment period, 9 gm of YbNO; was pulse dosed (0 hr)
each animal via the supplement. Fecal grab samples
were taken at 6, 12, 18, 24, 30, 36, 42, 48, 60, 72, 84,
96, 108, 120 and 132 hours post dosing.

Eight esophageal-cannulated Brahman X Jersey
steers and heifers were divided into two groups of
four each to receive 0 or 300 mg monensin/head/day.
Animals were fitted with nylon mesh collection bags
and allowed to graze. Esophageal extrusa collected
from these animals was considered to represent the
diet for all animals within that treatment group.

Sample Analysis and Calculations

Esophageal, fecal and forage samples were im-
mediately frozen following collection. As lab time
became available forage and fecal samples were dried
at 55° C in a forced draft oven, ground through a
Willey Mill fitted with a 2-millimeter screen and
placed in glass sample bottles and redried. Esopha-
geal samples were freeze-dried, ground and placed in
sample bottles. All samples were analyzed for crude
protein (CP), neutral detergent fiber (NDF) and indi-
gestible neutral detergent fiber (INDF) (4). Rare earth
(Ytterbium) determination was conducted by taking a
1 gm subsample of the feces, ashing, and digesting
this ash in 20 milliliters (ml) of acid (3 N HCL and 3 N
HNOs3). Concentration [parts per million (ppm)] of
the marker was then read via atomic absorption spec-
trophotometry (1). The reduction in marker concen-
tration with time was fit to a two-compartment, time
delay model (3) for estimation of fecal organic matter
output and fractional turnover. Digestibility of organ-
ic matter (DOM) was determined by use of a ratio
technique utilizing INDF as the internal indigestible
marker.

Where:
DOM

INDF in Esophageal Extrusa, % of OM

=100 —
. (INDF in Feces, % of OM

x 100)
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By determining NDF content in the feces and in the
esophageal sample the digestibility of neutral deter-
gent fiber was determined.

Where:
DNDF

INDF in Esophageal Extrusa, % of OM

A BT R e % GEOh )

(NDF in Feces, % of OM
X 'NDF in Esophageal Extrusa, % of OM

) X 100

By calculating the fecal output [kilograms (kg)] of the
animal, together with the percent of the forage that
goes undigested (100 — DOM), forage organic matter
intake was computed.

Where:

IOM, kg/day x Fecal Output, kg OM/day

(100 — DOM)/100

Results and Discussion

Both INDF and NDF percentages were lower for
the esophageal extrusa than for the standing crop
(Table 1). Crude protein content was slightly higher.
This indicates animals were selective in their grazing
habits and some winter grasses (rescue grass, Texas
wintergrass, etc.) may have been eaten.

Digestibility of organic matter (DOM) and fiber
(DNDF) are presented in Table 2. Only those animals
receiving 0 mg monensin + protein had significantly
higher digestibility than the controls. However,
DOM was numerically increased for all treatment
groups except 200 mg monensin alone. Thus it ap-
pears protein alone or monensin alone will increase
DOM although the upper level of monensin (200 mg)
appeared to have a depressing effect unless accom-
panied by protein. DNDF was significantly increased
(P<.05) for all treatment groups compared to con-
trols. No difference or interaction was found to exist
between monensin and protein.

Monensin (100 and 200 mg/hd/day) significantly
decreased fecal output, intake and digestible intake.

TABLE 1. COMPOSITION OF ESOPHAGEAL EXTRUSA AND
STANDING CROP, TREATMENT MEANS

Sample Treatment® " NDE  INDE == CF OM

mg/hd/day - % of OM-- -~ % of DM --
Esophageal® 0 69.87 42,18 745 92.26
Esophageal® 300 67.95" 14699 6.52 ' 91.00
Standing Crop® -- 76.89. 52.09" 629" +95.70
Kg DM/Hectare 1355

*Mean of four animals per treatment, four to five samples per animal.
"Mean of 10 samples.
“No significant differences were found due to treatment or day (P<.1).



TABLE 2. INTAKE AND UTILIZATION OF FORAGE, TREATMENT MEANS?

Monensin level, mg/hd/day

Item 0 0+P® 100 100+ P° 200 200+ P
DOM % 40.71° 43315 41.41%¢ 41.99<¢ 40.43° 41.48
Change, % == +6.00 +1.93 +3.05 = +1.86
DNDF, % L1 33325 33.064 32.62¢ 32014 33.06
Change, % === 78S =711 +5:59 +6.68 ar ol
Fecal Output 1.29° 108 L 93¢ 97 o .88¢
KgOM/100 KgBW
Change, % - —10:85 —27:91 —24.80 —28.68 — 8178
Intake, 2.18° 2.0 1.60¢ 1.66¢ 1.35¢ L0
KgOM/100 KgBW
Change, % - —7.34 —26.61 —23.85 —28.90 =EI
Digestible Intake, .89¢ .874 .66%° 707 (ke .62¢
KgOM/100 KgBW
Change, % - —-2.24 225.84 =21545 =29.21 —30.34
Monensin 0 0 84 83 177 183
mg/hd/day (assay)
Monensin, ppm 0 0 14.26 1153 32.13 33.39
* Five animals per treatment.
® Animals supplemented with 210 gm crude protein (454 gm cottonseed meal).
< Treatment means in a row with different subscripts differ (P<.05).
- Changes of less than 1% are not given.
Change = change from 0 mg/hd/day.
Reductions in digestible intake were slightly smaller

S s PR-3765

than reductions in intake or fecal output (excepting
the 200 mg without CP treatment) due to monensin-
related increases in digestibility.

No significant differences were found in animal
weight change due to treatment, although all animals
lost weight during the trial. Thus, the lower intakes
and higher fiber digestibilities realized with monen-
sin supplementation would appear to increase effi-
ciency of maintenance. In addition, crude protein
supplementation alone, while having little effect on
intake, would appear to increase forage utilization by
increasing digestibility of both organic matter and
fiber.
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Effect of Monensin on Digestibility
of Grazed Coastal Bermudagrass

K. R. PonD AND W. C. ELLIS

Summary

Feeding monensin at levels of 200 milligrams per
head per day (mg/hd/day) consistently increased di-
gestibility of grazed Coastal bermudagrass organic
matter (mean increase of 5 percent) and neutral deter-
gent fiber (mean increase of 6 percent).

Introduction

Monensin increases feed efficiency by reducing
feed intake without affecting the gain of cattle fed
highly digestible rations. In contrast, only increased
weight gains have been reported when monensin is
supplemented to cattle fed less digestible forage ra-
tions or to cattle grazing pasture. Such increases in
gain could be due to positive effects on digestibility,
intake and/or metabolic efficiency. The present report
summarizes the results of five experiments designed
to measure the effects of monensin on the digestibili-
ty of grazed Coastal bermudagrass at different times
during the growing season.

Experimental Procedure

Brahman X Jersey heifers (Table 1) were ran-
domly allotted to groups to receive 0 or 200 milli-
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TABLE 1. EXPERIMENTAL DETAILS

Cattle
Trial Date Control Monensin Mean wt. Bermudagrass description
Number (kg)
il 9177 6 3] 328 drouth dormant
2 10/77 6 6 329 regrowth after N and H,0
3 12/77 8 8 335 frosted residues
4 8/78 10 9 367 regrowth with continuous grazing
5 10/78 10 9 373 fall dormant residues

grams (mg) monensin each day while grazing Coastal
bermudagrass at different intervals of two grazing
seasons at College Station. Trial 1 in late September
utilized a 12.4 acre pasture which had previously
been continuously grazed by the experimental ani-
mals and was in a state of drouth-induced dormancy.
Trial 2, in late October, utilized a portion of the same
pasture after clipping, irrigation, and a 6-week re-
growth period. Trial 3, in early December, utilized
the same pasture after continued grazing and a killing
frost November 20. Trials 4 and 5, in August and
October of 1978, utilized the same Coastal bermuda
pasture as the previous year.

Animals were individually penned twice daily (8
a.m. and 4 p.m.) and fed their respective supple-
ments. A one-half-pound grain mixture containing 12
percent crude protein was fed in trials 1 and 2 and 1
pound of cottonseed meal containing 43 percent
crude protein was fed twice daily in trials 3, 4, and 5.
The supplement for the monensin-fed animals con-
tained 200 mg monensin fed in the morning feeding
in trial 1 and 100 mg monensin fed twice daily in trials
2,3, 4, and 5.

Four animals fitted with ruminal and esophageal
cannulae (two for each monensin level) were fed with
the intact animals except during 6 days when they
were tethered via 6 meter (m) cables to facilitate
collection of esophageal forage samples in the pasture
at three different sites, for 2 days each. After 7 days of
treatment adjustment before each trial, grab samples
of feces were taken per rectum at each feeding for 8
consecutive days. Esophageal collections began 1 day
prior to the fecal collections and continued for 5 days.

Fecal samples were dried at 55° C in a forced-
draft oven. Esophageal samples were frozen and
subsequently freeze dried. All samples were then
ground through a Wiley Mill fitted with a 2 millimeter
(mm) screen, placed in glass bottles, and dried in a
vacuum oven at 50° C for 8 hours before chemical
analysis.

Aliquots of eight esophageal samples per trial
were analyzed for crude protein (CP). Aliquots of all
esophageal samples together with two fecal samples
per animal for each day were analyzed for indigest-
ible neutral detergent fiber (INDF) (1). Aliquots of all
esophageal samples plus six fecal samples per animal
for each trial were analyzed for neutral detergent
fiber (NDF).
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Percent INDF organic matter was calculated:

% INDF

(dried filtered sample wt.) - (ashed filtered sample wt.)

initial sample weight

X 100

Using the INDF values for the esophageal sam-
ples and INDF values for the feces, the digestibility of
organic matter was computed by the ratio technique.

INDF esophageal
INDF feces

Together with the NDF values of esophageal and
feces, the digestibility of fiber was computed.

Digestibility (%) =100 — [ X 100]

Digestibility of fiber

INDF esoph « NDE feces
INDF feces  NDF esoph

=100 —[ 100]

Results and Discussion

The chemical composition of consumed forage
for each trial is presented in Table 2. There was no
difference in composition of consumed forage in any
trial due to monensin supplementation for any of the
components analyzed. There was also no differences
due to pasture site of collection or collection day.
Therefore, the mean values for each of the compo-
nents analyed was used to represent the quality of
the forage consumed by all animals in each trial.

The frost-damaged forage consumed in trial 3
was the poorest quality with the lowest crude protein
3.5 percent, highest NDF 77.88 percent, and highest
INDF 49.16 percent. The regrowth forage of trial 2
was the highest quality forage with 8.5 percent crude
protein, 71.35 percent NDF and 31.12 percent INDEF.
The August forage of trial 4 was next best in quality,
with trials 1 and 5 completing the range.

Digestibility of organic matter (DOM) and fiber
(DNDF) are presented in Table 3. Animals receiving
monensin had consistently higher DOM. Increased
DOM ranged from 2.8 percent in trial 4 (51.9 vs. 50.5
percent) to 8.2 percent in trial 2 (55.6 vs. 51.4 per-
cent). The DOM in trial 3 of 35.6 for control and 38.5



TABLE 2. MEAN COMPOSITION OF CONSUMED FORAGE

Neutral detergent

Crude protein

Indigestible neutral

detergent fiber

Trial Control Monensin Control Monensin Control Monensin
1 61 157 6.24 73.52 73.54 32:57 29,15
2 8.56 8.35 72.37 70.32 30.14 31.10
3 3.47 3.48 78.83 76.92 47.72 50.60
4 8.18 7.58 75.94 75.53 35.79 36.06
< 5.36 5.47 74.65 75.83 32,25 32.49

TABLE 3. DIGESTIBILITY OF FORAGE ORGANIC MATTER AND FIBER

Digestibility of organic matter Digestibility of fiber

Trial Control Monensin Change, % Control Monensin Change, %

1 51.6 53.4 3:5% 48.6 49.4 1.6

2 51.4 55.6 8. 24" 43.7 48.0 9.8*

3 36.6 38.5 5.2t 30.4 33.3 9.5%

4 50.5 519 ;8% 49.0 50.4 2.0

5 46.1 48.4 5.0t 48.3 50.9 5.4*

*Change is different: +(P<.1), *(P<.05), **(P<.01).

for monensin-fed animals, although improved with
monensin supplementation, is very low and lower
than physiologically expected. DNDF was also higher
for animals receiving monensin. DNDF was approxi-
mately 50 percent for animals receiving monensin
and 43-49 percent for control animals except in trial 3.
Trial 3 which had the highest percent NDF and per-
cent INDF had the lowest DOM and DNDF but
nearly the largest change due to monensin. Animals
supplemented with monensin in trial 3 had increased
DNDF of 9.5 percent (33.3 vs. 30.4). Animals supple-
mented with monensin while consuming the highest
quality forage (trial 2) also had increased DNDF of 9.8
percent (48.0 vs. 43.7). DOM and DNDF were in-
creased with monensin supplementation regardless
of quality of forage. A portion of the positive gain
response with monensin could be attributed to this
increased digestibility of forage.
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Effects of Monensin
on Fecal Output and Voluntary Intake
of Grazed Coastal Bermudagrass

K.R. POND AND W.C. ELLIS

Summary

Feeding monensin at levels of 200 milli-
grams/head/day (mg/hd/day) to cattle grazing Coastal

bermudagrass numerically increased intake of digest-
ible organic matter in four trials and reduced (P<.1)
the digestible organic matter intake of the low quality
forage of trial 3. It appears that in the medium range
of digestibility (45-55 percent DOM), part of the in-
creased performance associated with monensin may
be due to increased digestible organic matter intake.

Introduction

Several workers have reported reduced forage
intake with monensin supplementation with no alter-
ation in cattle performance. Others reported that
monensin-fed gestating cows fed hay outgained con-
trols and achieved these gains more efficiently.

If monensin reduces feed intake and maintains
or increases body weight, herd size or stocking rates
could be increased to utilize the additional forage.
With low quality forages that do not meet the energy
requirements, an increased energy utilization could
reduce the need for supplementation. Many other
speculative benefits of monensin supplementation
have been postulated. These, however, will remain
speculations until further knowledge of the effects
and mode of action of monensin is acquired.

The growing number of monensin-
supplemented pasture-grazing cattle emphasizes the
importance of understanding monensin’s effects on
grazed forage intake. The purpose of this study was
to determine the effects of monensin on fecal output
and, hence, intake of organic matter by cattle grazing
Coastal bermudagrass pasture.

Experimental Procedure

Experimental details are presented in PR-3765
(1). All animals received erbium chloride (ErCls) in
their supplement to serve as a fecal output marker.
The ErCl; was dissolved in water to a concentration of
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200 milligrams per liter (mg/l) and mixed with the
supplement in a horizontal ribbon mixer to supply
the animals with 1,200 mg Er/day. After 5 days of
adjustment, 10 days of fecal collections followed with
grab samples of feces taken per rectum at each feed-
ing. Fecal samples were then dried at 55° C in a
forced-draft oven and ground through a Wiley Mill
fitted with a 2-millimeter (mm) screen. Er concentra-
tion in fecal samples was determined via atomic ab-
sorption spectrophotometry. Since a constant
amount of Er was fed each day, the organic matter
fecal output can be computed by the ratio of marker
consumed to the marker concentration in the fecal
organic matter. Using the calculated fecal outputs
(FO) and the digestibility (DOM) values from PR-3765
(1), the forage organic matter intake (FOMI) was
calculated:

fecal output

Forage Organic Matter Intake = (100-digestibility)/100

Results and Discussion

Treatment means of the effects of monensin on
fecal output, forage intake, and digestible intake for
each trial are presented in Table 1.

Fecal outputs were numerically higher for
monensin-fed cattle in each trial except trials 2 and 3.
Consuming the poorest quality forage in trial 3,
monensin-fed animals had a 16.0-percent reduction
(P<.1) in fecal output compared to the controls. For-
age organic matter intake was numerically higher (4.9
- 15.4 percent) for monensin-fed animals in all trials
except trial 3. Again, consuming poor quality forage
in trial 3, the monensin-fed animals had reduced
(P<.1) forage intakes. It appears that in the medium
range of digestibility (45 - 55 percent) monensin tend-
ed to increase forage intake. However, with poorly
digested forages, monensin may have an effect of
depressing forage intake.

TABLE 1. EFFECTS OF MONENSIN ON FECAL OUTPUT, FOR-
AGE ORGANIC MATTER INTAKE, AND DIGESTIBLE ORGAN-
IC MATTER INTAKE

Trials
Item 1 2 3 4 5
Fecal output®
control 1.16 183 .81 1.16 1.12
monensin 1529 .90 .68 1.25 1.15
change, % 1.2 -3.2 —16.0° 7.8 D=7
Forage organic matter intake®
control 2.40 1.84 1.25 2.35 2.13
monensin 277 1.93 1.09 2.60 2.26
change, % 15.4 4.9 -12.8° 10.6 6.1
Digestible organic matter intake®
control 1.26 .90 47 1219 1.01
monensin 1.50 1.04 .43 1.35 1.11
change, % 19.0 15.6 —8.5 13.4 9.9

*Expressed as Kg per 100 Kg body weight.
bChange from control is different (P<.1).
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Digestible organic matter intake can be com-
puted from the product of forage intake and digest-
ibility. The increased digestibility partially compen-
sated for the reduced forage intake in that digestible
intake for trial 3 was only reduced by 8.5 percent with
monensin. In all other trials, monensin-fed animals
had increased mean digestible forage intake ranging
from improvements of 9.9 to 19.0 percent. Although
statistically nonsignificant, it appears that part of the
increased performance associated with monensin
may be due to an increased digestible organic matter
intake.

Table 2 presents the quantity of monensin sup-
plemented and the concentration of monensin in the
total intake. The differences associated with trial 3
compared to other trials may have been due to an
excessive concentration of monensin. Monensin was
supplemented at 200 mg/hd/day in each trial. With
the low voluntary intake of the poorly digested forage
in trial 3, the concentration of monensin in the intake
was nearly twice the concentration of monensin in
the other trials (56.46 vs. 22.35 - 30.45 parts per
million). Possibly the levels of monensin supplemen-
tation should be varied according to expected forage
intake rather than simply set at 200 mg/hd/day.

TABLE 2. QUANTITY OF MONENSIN SUPPLEMENTED AND
THE CONCENTRATION OF MONENSIN IN TOTAL DIET

Monensin Concentration in
Trial supplemented total diet
-—-mg/hd/day-—-- --ppm--
1 200 25.21
2 200 30.45
3 200 56.46
4 200 22.35
5 200 25.57
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Effect of Monensin

on Gastrointestinal Fill and Turnover
of Undigested Forage Residues

in Animals Grazing Coastal Bermuda

W.C. ELLIS, ].H. MATIS,
AND K.R. POND

Summary

When supplemented to cattle grazing Coastal
bermuda of 46-52 percent digestible organic matter,
monensin at levels of 14-30 parts per million (ppm)
resulted in increased mean fill of undigested dry



matter by 16 percent and reduced its turnover rate by
10 percent. When the same cattle were grazing very
poor quality Coastal bermuda (36.6 percent digestible
organic matter), monensin at 56 ppm of the diet also
depressed turnover (by 15.5 percent) but had neglig-
ible effects on fill. These effects on fill and turnover
appear to provide a physiological explanation for the
observed effects of monensin on intake, digestibility,
and fecal output of grazed Coastal bermudagrass.

Introduction

Previous reports (PR-3765 and PR-3766) demon-
strated that monensin consistently increased digest-
ibility of organic matter and fiber and increased fecal
output and forage intake by cattle grazing Coastal
bermudagrass. It has been postulated that effects
such as these could be explained in terms of the
capacity of the animals’ gastrointestinal tract (fill) and
its rate of turnover (1). Therefore, these measure-
ments were made on the animals involved in the
previous two reports.

Experimental Procedure

Animals were treated as previously described
(PR-3765 and PR-3766). During the digestion trial,
one-half a single meal was offered which contained
the additional marker Yb(NOs); to supply approxi-
mately 9 grams (gm) of Yb/animal. Animals were
allowed 30 minutes to consume the one-half meal
(227 or 454 gm) and then given the remaining one-
half meal to encourage complete consumption of the
marker dose. Grab samples of feces were collected at
0, 8, 24, 32, 48, 56, 72, 80, 92, 100, 112, 120, 128, 140,
148, 160, and 168 hours post-dose of the marker,
dried, and analyzed for Yb.

Turnover of undigested matter (fecal matter) was
assumed to be the slower turnover rate constant of a
two-compartment, time-dependent model with time
delay (2). Fill of undigested dry matter (MGIF) was
estimated as fecal output measured by the continu-
ous dose Er marker (as described in previous papers)
divided by the turnover rate expressed on a daily

basis. In experiments 4 and 5, particles of masticated
forage were obtained via esophageal cannulae and
labelled with **'Ce(NOs)s. This was then fed with the
one-half meal of Yb-labelled grain or cottonseed to
determine more specifically the turnover of forage
residues. Turnover of '*'Ce was then computed as
described for Yb.

Results and Discussion

Results are summarized in Table 1. Monensin
consistently reduced turnover rate (kp) and had the
greatest effect on forage residues (trial 4F vs. 4G and
5F vs. 5G). This suggests that the turnover of forage
residues in trials 1, 2, and 3 was probably larger than
that measured for labelled residues derived from the
grain or cottonseed oil meal. Consequently, the
monensin effects on increased MGIF for these three
trials may have been even greater than those com-
puted from the turnover of the supplement’s labelled
residues. This would be the case since the method
used to compute fill assumed the turnover of the
labelled residues derived from the supplement repre-
sented the turnover of all material contributing to the
total fecal output. The MGIF in trials 4 and 5 is also
computed, assuming the turnover of residues de-
rived from the labelled forage (4F and 5F) represented
turnover of all material contributing to the total fecal
output. Monensin effects on MGIF computed from
kp of forage were greater than when computed from
grain and are thought to be more rational estimates.
Regardless of the uncertainties of magnitude, it is
clear monensin did increase fill in all trials with the
exception of trial 3 which is estimated from turnover
of grain residues and hence may be less representa-
tive of the total dietary residues of forage.

These observations offer an explanation for the
previously reported effects of monensin on digestibil-
ity and intake. The increased digestibility of organic
matter (DOM) could be accounted for by the in-
creased digestibility of fiber (DNDF) due to its slower
turnover and hence longer retention time in the ru-
men. In trials 1, 2, 4, and 5 the control forage had a

TABLE 1. MEAN GASTROINTESTINAL FILL OF UNDIGESTED DRY MATTER (MGIF) AND ITS TURNOVER (KP) WHEN GRAIN (G) OR

FORAGE (F) WAS LABELLED

Trial/labelled particle

1 2 8 4 5

Measurement G G G G F G F
MGIF, Kg/100 Kg

Control (C) 98 67 .60 88 1.00 71 69

Monensin (M) 1.20 .82 .60 .96 132 77 .92
[(M—C)/(C)] x 100 2.5 23.1 nil 9.3 31.8 9.3 31.9
Kp, %/hr.

Control (C) 491 5.80 5,62 5,52 4.81 6.65 6.72

Monensin (M) 4.46 4.56 4.75 5.44 3.95 6.20 4.96
[(M—C)/(C)] x 100 =90 =i -155 =14 ~17.9 -6.1 -26.2
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TABLE 2. SUMMARY OF MONENSIN RESPONSES REPORTED FOR COASTAL BERMUDAGRASS®

Trial DOM DNDF MGIF® KP* FO FOMI DOMI
% [(Monensin-Control)/(Control)] x 100

3 36 10 nil -16 -16 —13 -9

1 52 815 23 —g 2 15 19

2 51 8.2 23 =21 - 4 5 16

4 51 iU 9 — i 8 11 13

5 46 5.0 9 =) 3 6 10

*Where: DOM = Digestibility of OM, DNDF = digestibility of fiber, MGIF = mean gastrointestinal fill, Kp = rate of passage, FO = fecal output, FOMI = forage

OM intake and DOMI = digestible OM intake.
bComputed from Kp of grain residues.

DOM in the order of 50, and monensin increased
MGIF more than it reduced kp; hence, fecal output
and feed intake were increased. This, coupled with
the increased DOM, resulted in nutritionally signifi-
cant increases in daily intake of DOM (DOMI). This
increase is sufficient to account for the increased
liveweight gains promoted by monensin by calves
grazing Coastal bermuda pastures (3 and 4).

The failure of monensin to increase MGIF in trial
3 in the face of the observed marked reduction in its
turnover (Table 1) would have led to the observed
reduction in fecal output and forage intake previously
reported. It may be that ingested forage residues
from the poorly digested forage (36.6 percent DOM)

completely occupied all available space within the
rumen and therefore limited a monensin effect on
further increasing fill. A summary of these data sup-
porting this generalization is presented in Table 2.
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Comparison of Fecal Output
as Estimated by Two Marker Methods

D. S. DELANEY, K. R. POND,
C. E. LascaNno, aAND W. C. ELLIS

Summary

Quantification of fecal output using indigestible
markers with continuous and single dose techniques
with 120 cattle are summarized. Either technique can
be used for effectively estimating fecal output.

Introduction

Quantifying forage intake by cattle on pasture is
critical in grazing studies and important in adjusting
stocking rates or density. Sampling the available for-
age has been used as an indirect measurement of
forage intake, but this offers only a crude estimate of
forage disappearance (trampling, consumption of for-
age by non-domestic animals and differing forage
yields by site all add variables to the measurements).
A more accurate measurement of intake involves
measuring the animals’ total fecal output. Combining
this output with in vivo or in vitro determinations of
digestibility allows estimation of forage intake by the
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grazing animal.

Fecal Output
1 - Digestibility

Forage Intake =

Although total collection of feces is practical in
pen studies, the labor, time, and apparatus required
make this method unsatisfactory in grazing studies.
Fecal output can be computed without total collection
with the use of indigestible markers. Daily dosing of a
known amount of indigestible marker followed by
periodic sampling of feces, allows for determination
of the dilution of the marker in the total tract of the
animal. Typically, the marker is given in a daily or
twice-daily dose for 3-4 days to achieve equilibrium
and the grab samples of feces are collected (per rec-
tum) over a 3- to 7-day period to obtain estimates of
mean marker concentration in the feces. This proce-
dure has the disadvantage of labor required for the
daily dosing and also presents problems in maintain-
ing a constant marker consumption. Alternatively,
fecal output can be estimated from the changes in
marker concentrations with time following a larger
pulse (single) dose of the marker.

This report summarizes fecal output values from
five trials utilizing Angus, Hereford, and Brahman x
Jersey heifers where both continuous and pulse dose
techniques were used.




Experimental Procedure

Thirty Angus or Hereford heifers and 8-12
Brahman x Jersey heifers or steers were used over
different stages of the grazing season (Table 1) to
compare fecal organic matter output (FO) estimates
by two different methods. In all trials, animals were
individually penned daily and fed approximately 5.5
grams (g) of Erbium Nitrate (ErNO3) contained in a
supplement. On day 1 of each trial animals were
pulse dosed with 14 g of Ytterbium Nitrate (YbNO5)
which had been added to the supplement. Grab
samples of feces were taken every 6 hours for 48
hours and then every 12 hours for 96 hours. All fecal
samples were immediately frozen and stored. Prior to
lab analysis fecal samples were dried at 55° C in a
forced-air convection oven and ground through a
Wiley Mill fitted with a 2-millimeter (mm) screen.
Samples were then placed in glass bottles and re-
dried. A 1-g subsample was ashed and digested in 20
milliliters (ml) of an acid solution (3N HCL + 3N
HNO3;). The concentration of the rare earths (Yb and
Er) were then assayed via atomic absorption spec-
trophotometry (1).

Collections began when equilibrium of the con-
tinuous (Er) marker was considered to be reached.
Marker concentration in the feces after saturation vs.
day collected is presented in Figure 1. Mean marker
concentration was then computed. By dividing the
daily marker dose by the mean marker concentration
in the feces, average daily FO was determined as

_ Marker Dosed, Kg/day
Marker in Feces, g/Kg

FO, Kg/day

The justification of a pulse dose is presented in
Figures 1 and 2. After dosing, the marker concentra-
tions in the feces increase and then decrease with
time. Figure 2 presents the plot of the natural loga-
rithm of marker concentration vs. time. Note the
inclining and declining portion of the excretion curve.
Typical data fit a two-compartment, time-dependent
delay model (2). Parameters estimated in this model
involve the concentration of the marker (\,) had it
been instantaneously mixed (Figure 2) and its frac-
tional turnover by passage to the feces (A,) expressed

TABLE 1. EXPERIMENTAL DETAILS

Trial Trial dates Description of forage®

1 7/23/79-8/3/79  Summer growth, common bermudagrass,

~'55% digestible

2 11/24/79-12/1/79  Winter dormant, common bermudagrass,
~ 41% digestible

3 12/13/79-12/18/79 Winter dormant, common bermudagrass,
~ 48% digestible

4 4/18/80-4/25/80 Mature ryegrass and oats,
~ 61% digestible

Mature ryegrass,
~ 63% digestible

b 5/2/80-5/6/80

*Digestibility determined in vivo with indigestible fiber as internal indicator.
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Figure 1. Marker concentration vs. time (continuous dose).
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Figure 2. Ln of marker conentration vs. time (pulse dose).

on a daily basis (\;%%). The fecal output was then
determined by

_ Marker Dosed, Kg/day X \,day
T 2

FO, Kg/day S e

Results and Discussion

Fecal outputs determined by the continuous
dose and pulse dose methods are presented in Table
2. In no trial did the estimate of FO change more than
10 percent due to method used. Although trial means
were very similar, this may be misleading since varia-
tion by method among individual animals ranged
from 0-50 percent. The pulse dose model seemed to
fit best in situations where more than 1 point was
observed in the inclining segment of the curve. When
there were observations in the inclining segment,
fecal outputs determined by both techniques were
similar.

Sources of variation in both methods included
spillage of the marked supplement by animals, incon-
sistent intake of the marker, and poor mixing of
marker with the supplement. Despite large individu-
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TABLE 2. COMPARISON OF CONTINUOUS (Er) AND PULSE
(Yb) DOSE MARKERS FOR DETERMINATION OF FECAL
OUTPUT

Continuous dose®” Pulse dose®

Trial Number Cattle Er Yb

1 30 79 = .20 ZaiEu08
2 30 12085209 102,20
3 12 1.22 + .24 128+ 17
4 30 .64 = .09 205210
5 8 104 = 22 1.03+= .33

“Mean Er concentration a result of eight observations/animal (trials 1, 2 and
5), four observations/animal (trial 3) and 15 observations/animal (trial 4).
PTrial mean + SD.

al animal variations, the pulse dose method appears
adequate in determining average daily fecal output.
This method has the advantage of less labor (single
dose) and, in addition, rate of passage through the
gastrointestinal tract and total tract fill can be es-
timated. Continuous dosing with multiple sampling
offers the advantage that an estimate of FO can be
computed from each sample taken. Hence, several
estimates of FO can be determined for each animal
and measurements of individual animal variation in
FO determined.

Both techniques provided similar estimates of
fecal output. Each method, with proper marker ad-
ministration and fecal collection, can effectively and
accurately be used for FO estimation.
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Effect of Pasture Application

of Tebuthiuron (Graslan®)

Upon Forage Composition, Production,
and Disappearance During Grazing

W.C. ELLIS AND JOHN SNELL

Summary

Application of the herbicide Tebuthiuron (trade
name Graslan) had no significant effect on disappear-
ance of Coastal bermudagrass when grazing animals
were either restricted to the treated plots or had
access to both treated and untreated plots. This sug-
gests the herbicide treatment does not result in pre-
ferred or increased consumption of Coastal bermu-
dagrass as has been suggested for other grasses.
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Introduction

The herbicide Tebuthiuron (trade name Graslan)
has been demonstrated effective in removal of woody
species from pastures. A number of observations
have suggested a marked preference by cattle for
forage subsequently grown on sites treated with this
herbicide. This study was conducted to determine the
relationship between preference for or consumption
of Coastal bermudagrass and rate of Tebuthiuron
application.

Experimental Procedure

Forage Plots

A 3.137-acre area of established Coastal bermuda
was divided into three blocks of 83 x 549 feet iden-
tified as A, B, and C. Each block was further sub-
divided into three areas each of 183 x 83 feet and
treated with either 0, 0.75 or 1.5 pounds of active
Tebuthiuron per acre. Fencing was installed such that
within each block three 183 x 48-foot plots were
formed to localize grazing (L grazing method) to the
individual Tebuthiuron application level and one 35 x
549-foot plot to allow common grazing (C grazing
method) across all Tebuthiuron application levels.

Tebuthiuron was applied as a spray in 5.0 gallons
of water to each plot on April 13, 1979.

Grazing

The grazing procedure involved allocation of
equal body weights of cattle to the localized treatment
plots of block A when sufficient forage was available
for grazing. When it was observed that any one plot
was grazed out, the animals were then moved to the
treatment-common plot of that block. When any one
area within this treatment-common plot was visually
grazed out, all animals were moved to the localized
treatment plots of block B and block C. This grazing
sequence was repeated across blocks A, B, and C a
second time and is considered as a second replica-
tion.

Before grazing, the blocks were successively
clipped in order to sequence a 7-day interval in re-
growth initiation for blocks A, B, and C. Animal
numbers were varied within block-treatment-grazing
method to achieve graze out within 5-7 days to main-
tain this sequence interval.

Measurements

Animals were weighed before placement on the
first plot and after removal from each plot. A forage
strip 22 inches wide and of sufficient length to yield
approximately 25 pounds fresh weight was harvested
at three locations within each plot prior to entry and
subsequent to vacancy by the cattle. These three
harvests were made at the three treatment sites with-
in the treatment-common plot. Harvest was made
with a rotary lawnmower adjusted to a height of
approximately 2 inches above mean ground level.

Mean forage disappearance from a plot was mea-
sured as the difference in forage/acre before entry and
after removal from that plot. Mean forage appearance



in a plot was measured as the difference in
forage/acre after removal and before subsequent
reentry on that same plot.

Results and Discussion

Tebuthiuron severely retarded the growth of ber-
muda such that clipping and initiation of the trial had
to be delayed for fear of further damaging stand.
Blocks were clipped beginning day 190 and grazing
began day 212.

Results for mean daily forage disappearance are
summarized in Table 1. Greater forage disappearance
occurred from treatment-common pastures (C) than
from treatment-localized pastures. An explanation
for this is beyond the scope of this project. However,
it should be noted there was no significant treatment
grazing method interaction. Thus Tebuthiuron had
no effect upon forage disappearance by either grazing
method. This is particularly significant since prior
observations have been interpreted to suggest a pref-
erence by cattle for Tebuthiuron-treated plots as op-
posed to non-treated plots, conditions similar to that
tested by the treatment-common grazing method.

It should be noted that the grazing procedure
used resulted in extensive utilization of the existing
forage. Such an extensive utilization may have
minimized any preference effects especially in the
localized grazing method. However,it would have
accentuated treatment effects in the treatment-
common grazing method. Since no treatment effects
were significant for the treatment-common grazing
method and no treatment by grazing method interac-
tion was significant, the extensive utilization appears
not to have masked any treatment effects upon forage
intake.

Mean daily dry matter appearance is sum-
marized by treatment in Table 2. Analysis of variance
indicated no significant effect attributable to any vari-
able measured. There was a trend for the higher
application level of Tebuthiuron to depress mean
daily dry matter appearance.

Tebuthiuron significantly increased forage crude
protein (Table 3) and decreased forage neutral deter-
gent fiber (Table 4) content.

TABLE 1. MEAN DAILY DRY MATTER DISAPPEARANCE OF
BERMUDAGRASS DURING GRAZING OF CONTROL AND TEB-
UTHIURON-TREATED PLOTS

Tebuthiuron, lb/acre

Grazing
Replication method? 0.0 .76 155
-------- Ib. DM/day/acre--------
1 I 192 194 227
C 548 357 598
2 L 368 374 377
C 618 709 505

*L = grazing localized to individual treated plot.
C = grazing common to all treated plots.

TABLE 2. MEAN DAILY DRY MATTER APPEARANCE AS AF-
FECTED BY TEBUTHIURON APPLICATION AND PRIOR GRAZ-
ING METHOD

Tebuthiuron, Ib/acre

Grazing
method® 0.0 0.75 1.5
------------------ Ib. DM/day/acre------------------
1L 94 90 40
© 110 91 82
L&C 104 91 61

°L = grazing localized to individual treated plot.
C = grazing common to all treated plots.

TABLE 3. PROTEIN CONTENT AS AFFECTED BY TEBUTHIUR-
ON APPLICATION

Tebuthiuron, Ib/acre

Replication 0.0 0.75 15
% of DM
1 9.32 10.45 10.55
2 8.84 8.62 9.28

TABLE 4. NEUTRAL DETERGENT FIBER CONTENT AS AF-
FECTED BY TEBUTHIURON APPLICATION

Tebuthiuron, Ib/acre

Replication 0.0 0.75 1y
% of DM

1 80.9 76.2 75.1

2 80.8 79.8 T

Although Tebuthiuron did not significantly af-
fect forage growth rate as measured by mean daily
dry matter appearance, all the other observations
reported here suggest that in this trial forage growth
rate was reduced, resulting in lowered animal gain
due to decreased quantity of forage and higher-
protein-lower-neutral detergent fiber associated with
the resulting less mature forage.
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Effect of Heavy Stocking Rates
on Cow-Calf Performance

A.B. JonNsoN, R.K. HEITSCHMIDT,
J.R. FRASURE AND D.L. PRICE

Summary

Increasing rates of stocking with yearlong con-
tinuous grazing from 12.6 acres/animal unit (ac/au) to
8.5 ac/au tended to decrease cow weight and calf
weaning weight. Although no differences were noted
the first year, by the end of the second year cow
weights averaged 1024, 1011 and 988 pounds for the
12.6, 10.5, and 8.5 ac/au stocking rates, respectively.
Conception rate was 100 percent for both the 12.6 and
10.5 rate but only 76 percent for the 8.5 ac/au rate at
the end of the second year. Average age of fetus was
149, 151, and 123 days for the respective treatments.
Calf weaning weight did not differ by treatment the
first year but averaged 496, 461, and 440 pounds for
the 12.6, 10.5, and 8.5 ac/au treatments at the end of
the second year.

Introduction

Optimal stocking rate varies by year. However,
during past years the Texas Experimental Ranch has
held its heaviest stocking rate at 12.5 ac/au. With the
new interest in rotational, short-duration grazing sys-
tems at doubled stocking rate, it became necessary to
re-evaluate maximum rate of stocking at the ranch.
The objective of this experiment was to determine the
effects of extremely heavy stocking rates on cow-calf
performance.

Experimental Procedure

One hundred-seventy-four mature Hereford
cows were allocated to one of three treatments in
October 1978. The treatments were increasing levels
of stocking and included 12.6, 10.5, and 8.5 ac/au
(Table 1). All cows had been bred to Hereford bulls
and were due to calve in October and November
(1978). The cows received no winter supplement for
the winter of 1978-79. Cows and calves were weighed
in February, April, and at weaning in June (1979).

In October 1979, one replication of both the 10.5
ac/au and the 8.5 ac/au were eliminated to reduce
anticipated financial loss from light weaning weights
and reduced conception rate. At this time all cows in
the remaining replications that had been palpated
open in August were culled and replaced with bred

TABLE 1. STOCKING RATE TREATMENT

Stocking rate (ac/au)

12.6 10.5 8.5
Rep. I, No. of animals 25 26 38
Rep. II, No. of animals 23 27 34
Total, No. of animals 48 54 72

cows for the same treatment of the eliminated replica-
tion. All cows had been bred to Angus bulls and were
due to calve in December, January, and February.

Cows were fed 2 pounds/day of a 20-percent
crude protein range cube in December 1979 and 3
pounds /day of the cube in January and February 1980
as range and cow condition declined. Cows were
weighed in November, January, and February to
estimate rate of weight decline throughout the winter
months. Cows and calves were weighed in April,
June and at weaning in August (1980).

At weaning in August 1980, all cows were pal-
pated and age of fetus estimated. In order to ensure a
fair estimation, a blind study was conducted. Cows
from one 12.6 ac/au replication were mixed with cows
from the remaining replication of the 8.5 ac/au treat-
ment. The same was done for the 10.5 ac/au treat-
ment. Cows were identified by ear tag number or
tattoo. Minimum age of fetus calculated from bull
removal was withheld from the person estimating
age of the fetus. All cows and calves were removed
from the treatments in August 1980. Only cows
which remained in their original treatment and raised
a calf both years were considered.

Results and Discussion

Average initial weight of the cows as they en-
tered the treatments in October 1978 was 1,084
pounds (Table 2). They lost an average of 20 percent
of their October weight by February. This included
losses due to calving. The cows reached their yearly
low weight in February of 868 pounds with no differ-
ence noted between the treatments. By September
they had regained all weight lost and averaged 1076
pounds. Therefore no effect of stocking rate could be
seen on cow condition at the end of the first year. It
should be noted that pasture condition was extremely
good at the initiation of the trial.

The cows entered the winter calving season of
1979-80 averaging 1,176 pounds (Table 3). By Feb-

TABLE 2. COW WEIGHTS — 1979 (POUNDS)

Stocking rate (ac/au)

12.6 10.5 8.5
October 1978 1072 1070 1089
February 1978 866 871 868
Average weight loss 206 219 222
Weight loss of Oct. wt., % 19.2 20.1 20.4
September 1979 1077 1057 1095

TABLE 3. COW WEIGHTS — 1980 (POUNDS)

Stocking rate (ac/au)

12.6 10.5 8.5
November 1979 1188 1171 1168
February 1980 970 903 907
Average wt. loss 260 268 261
Weight loss of Nov. wt., % 21.9, 22.9 22.4
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ruary all treatments lost an average of 22 percent of
the November weight. However, due to the declining
conditions of the pastures and lack of rainfall, the
cow weight continued to decline though April 1980.
By August 1980 differences in weight with the 12.6,
10.5, and 8.5 ac/au treatments averaged 1024, 1011
and 988 pounds, respectively (Table 3).

A comparison of September 1979 cow weights
with August 1980 cow weights by treatment showed
a difference of 4.9, 4.3, and 9.7 percent weight loss for
the 12.6, 10.5, and 8.5 ac/au treatments, respectively
(Table 4). However, a calendar year comparison may
not be valid because of different weaning dates be-
tween the 2 years. A comparison of cow weights at
weaning in June 1979 with cow weights at weaning in
August 1980 showed differences of —.3, +1.0, and
—6.0 percent in the 12.6, 10.5, and 8.5 ac/au treat-
ments, respectively.

Calf weaning weights are shown in Table 5.
Comparison between years may not be valid because
breed of bull differed and time of year at weaning
differed. Nevertheless, 1979 weaning weights av-
eraged 414 pounds with no differences between any
of the stocking rates. Weaning weights in 1980 av-
eraged 496, 461, and 440 pounds for the 12.6, 10.5
and 8.5 ac/au treatments which indicated the stocking
rate was beginning to have effect on calf weaning
weight.

Conception rate by palpation in August 1980 was
100 percent for both the 12.6 and 10.5 ac/au treat-
ments and 76 percent for the 8.5 ac/au stocking rate
(Table 6). Based on this information and other cir-
cumstances, the trial was terminated. Average age of

TABLE 4. WEIGHT COMPARISON OF COWS ON A CALENDAR
YEAR BASIS AND A CALF YEAR BASIS

Stocking rate (ac/au)

12.6 10.5 8.5

Calendar year

September 1979 1077 1057 1095
August 1980 1024 1011 988
Weight change, % -4.9 -4.3 L7
Calf year

June 1979 1027 1000 1051
August 1980 1024 1011 988
Weight change, % =5 +1.0 -6.0

TABLE 5. CALF WEANING WEIGHTS

Stocking rate (ac/au)

12.6 10.5 8.5
June 1979
Average weight (Ib) 415 415 414
Calf production (Ib/acre) 33.2 39:1 48.75
August 1980
Average weight (Ib) 496 461 440
Calf production (Ib/acre) 39.6 43.5 51.7

TABLE 6. CONCEPTION RATE AND AGE OF FETUS

Stocking rate (ac/au)

12.6 10.5 8.5

Conception rate, % 100 100 76
Average age of fetus 149 151 124
Range of age, minimum 110 120 75
maximum 165 160 165

fetus and range within a treatment are shown in
Table 6. A range of 90 days is observed for the 8.5
ac/au treatment compared to a range of 55 and 40
days for the 12.6 and 10.5 ac/au treatment, respec-
tively.

These results may be interpreted to mean that
current rate of stocking (1) may be correct for this
region of Texas if a sustained yield is to be realized.
Heavier rates of stocking can be utilized over a short-
term basis, but the decline in cow-calf performance
with increasing stocking rate over the 2-year period
indicates that exceeding the 12.5 ac/au rate may not
be economically justifiable. Furthermore, long-term
data from the ranch (2) indicate that economic risk
dramatically increases at stocking rates near 12.0
ac/au compared to a more moderate rate of 14 ac/au.
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Effect of Different Stocking Rates
and Grazing Systems

on Cow-Calf Performance

at the Texas Experimental Ranch

A.B. JoHNSON, R.K. HEITSCHMIDT,
J.R. FRASURE, AND D.L. PRICE

Summary

The various grazing management studies under
continued evaluation on the Texas Experimental
Ranch showed that within any single year a heavier
stocked system offered the greatest production po-
tential. However, across years this may not be true.
Pounds of calf produced per acre for the 1979-80
season were greatest for the heavy stocking treat-
ment, with the moderate rate and the deferred-
rotation grazing treatment averaging 5 pounds per
acre (Ib/ac) less. Pounds of calf produced per cow for
the deferred rotation and moderately stocked treat-
ment averaged 75 b more than the heavily stocked
treatment.
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Introduction

Evaluation of various grazing management sys-
tems is feasible only over a long-term basis. Evalua-
tion of three different grazing studies has been con-
ducted on the Texas Experimental Ranch since 1960.
The objective was to study the effect of various graz-
ing treatments on cow-calf performance.

Experimental Procedure

The three different grazing treatments involved
were a heavily stocked year-long grazing treatment
[12.5 acres per animal unit (ac/au)], a moderately
stocked year-long grazing treatment (16.5 ac/au) and
a four-pasture, three-herd deferred rotation (14.5
ac/au). Hereford/Angus cows had been bred to
Charolais bulls and were due to calve in December,
January, and February 1980. A pre-supplementation
and pre-calving weight was taken in November 1979.
Cow and calf weights were taken in February, April,
June, and at weaning in August 1980. There were two
replications of 50 cows/herd in the heavily stocked
treatment, two replications of 37 cows/herd in the
moderately stocked treatment, and 24 cows/herd in
the three herds of the deferred rotation. Both herds of
heavy-grazing treatment received 2 Ib/day of a 20-
percent crude protein (CP) range cube, while only
one herd of the moderate treatment was supplement-
ed with 2 Ib/day of the same cube. Two herds of the
deferred rotation were supplemented with 2 Ib/day of
the 20 percent CP cube, while one herd was not
supplemented. Cows were fed winter supplement for
90 days beginning in December.

Calves were paired, tagged, and branded, and
bulls were castrated in late February. Calves were
weaned in August 1980, and conception rate was
determined by palpation.

Results and Discussion

Cow weight changes for the winter supplemen-
tation period are shown in Table 1. These weight
changes include losses due to calving. On a percent-
age weight loss basis the deferred-rotation cows only

The effect of supplement is shown in Table 2. No
beneficial effect to supplementation for the 90-day
winter feeding period of 1979-80 was noted. Cow
weight change for the remaining period reveals that
the cows continued to lose weight through the April
weighing period (Table 3). This was due to a lack of
rainfall for adequate forage production. An average
weight of 1203 Ib for the deferred rotation and a 972-
Ib average for the other two treatments at weaning in
August was observed. Similar results are reported in
an 18 year summary of the ranch’s systems (1). Con-
ception rate, as determined by palpation in August,
averaged 96 percent for all grazing treatments.

It was observed that the ranking of treatments by
calf weights remained the same at all weighing
periods (Table 4). At weaning in August an average
of 578, 562 and 528 Ib for the deferred rotation,
moderately and heavily stocked treatments, respec-
tively, was observed.

Evaluation of treatment production as pounds of
calf produced per cow, yields averages of 433, 507
and 508 Ib for the heavy, moderate and deferred
rotation treatments, respectively. Evaluations of the
treatments using pounds of calf per acre as the criter-
ion shows 37, 31 and 33 Ib for the heavy, moderate

TABLE 2. EFFECT OF SUPPLEMENTATION ON COW WEIGHT,
POUNDS

Treatments
Moderate Deferred Rotation
16.5 ac/au 14.5 ac/au
0 Supp. 2#/day 0 Supp. 2#/day
Item Supplement Supplement
November, 1979 1138 1187 1146 1128
February, 1980 866 939 944 917
Weight loss, % 24 21 18 19

TABLE 3. COW WEIGHT CHANGE FROM APRIL TO AUGUST,
POUNDS

: Treatment:
lost 18 percent of the November weight as contrasted e
to a 22-percent weight loss for the other two treat- Deferred
ments. [t must be noted again that not all treatments Heavy Aoy s
: : Item 12.5 ac/au 16.5 ac/au 14.5 ac/au
were supplemented alike but evaluating the effects of
grazing treatments is possible because at least one April 791 880 1083
herd in each treatment was supplemented. This June 862 995 1224
analysis used only these herds in each treatment that August 0 o 1240
received supplementation.
TABLE 1. WINTER COW WEIGHT CHANGE, POUNDS TABLE 4. CALF WEIGHTS, POUNDS
Treatments Treatments
Deferred Deferred
Heavy Moderate rotation Heavy Moderate rotation
Item 12.5 ac/au 16.5 ac/au 14.5 ac/au Item 12.5 ac/au 16.5 ac/au 14.5 ac/au
November, 1979 1102 1163 1134 April 241 263 274
February, 1980 846 902 926 June 421 444 454
Weight loss, % 23 22 18 August 528 562 578
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and deferred rotation treatments, respectively. These
production estimates by treatment are very similar to
those in an 18-year summary of the various grazing
management studies on the Ranch. However caution
must be exercised noting that over the years variation
of production increases greatly as one approaches the
heavier stocking rate (1). In any one year the heavier
stocked pasture may provide the greatest production
but over a period of years, variation and risk in
production increases as one approaches the heavier
stocking rates. This is due to the variation in forage
production based on different climatic conditions
from year to year.
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Evaluation of Effect
of Winter Hay Feeding Practices
and Calving Season on East Texas Herds

T.C. CARTWRIGHT, T.C. NELSEN, F.M. ROUQUETTE, JR.
AND A. K. ANGIRASA

Summary

The effects of two management practices,
amount of hay feeding and calving season, on pro-
ductivity were predicted for East Texas cow-calf
herds. The Texas A&M University Cattle Production
Systems Model was used to simulate a self-contained
farm where all hay fed in the winter was farm-
harvested and all sales were weaning calves and cull
cows. Forage and cattle data from the Research and
Extension Center at Overton were used to establish
base production levels. Forage production was as-
sumed to be that produced on well-fertilized, inten-
sively managed Coastal Bermudagrass pastures and
hay fields. Cattle were assumed to be Hereford-
Brahman crossbred types. The effects of winter hay
feeding from November 15 through April 15 fed at
unlimited (ad libitum), 80 percent, 60 percent and 40
percent ad lib. levels were simulated for fall-calving
and spring-calving herds.

Overall herd productivity for a given acreage
increased as level of winter feeding increased. Higher
levels of hay feeding resulted in fewer cattle per acre
but higher production per breeding cow. Herd size
increased 2.9 percent, 11.9 percent and 32.5 percent
as winter hay levels were reduced from ad lib. to 80
percent, 60 percent, and 40 percent of ad lib., respec-
tively, under spring-calving management. Herd pro-
ductivity , measured as total liveweight sold per
herd, declined 2.2 percent, 9.4 percent and 10.3 per-
cent for the same respective feed levels. Spring-
calving herds produced 3.2 percent more calves than

fall-calving herds but fall-calving herds produced an
average of 3.6 percent more liveweight sales because
calves were carried to heavier weights. The relatively
well-fed herds had fewer cows, more and heavier

calves, and were more profitable. \

Introduction

A cattle producer is faced with many manage-
ment practice alternatives that affect production effi-
ciency, but may find it often difficult to accurately
predict the effect of implementing a specific practice
on productivity and profit. Time and cost of experi-
mentally testing all possible practices for all areas are
prohibitive. Also, accurate evaluation requires that
not only each separate practice, such as level of
winter hay feeding, be tested but that each combina-
tion, such as level of hay feeding for spring calving
and for fall calving, must be tested. Further, the effect
of one combination of practices versus another can be
adequately evaluated only if all of the inputs and
outputs of the entire production system, including
costs and sales of cull cows and replacements as well
as calves, are included. The use of a simulation model
permits relatively inexpensive examination of differ-
ent treatments in a short time. To be effective, simula-
tions must be based on sound experimental data and
be validated against production parameters taken
from actual animals in an environment similar to that
simulated.

The objective of this research was to evaluate the
relative production efficiencies of feeding several dif-
ferent levels of hay during the winter and of fall and
spring calving for the Northeast area of Texas. Data
collected at the Research and Extension Center and
Overton were utilized as the base for evaluating these
practices by use of simulation or systems analysis
techniques.

Experimental Procedure

The Texas A&M University Cattle Production
Systems Model, developed for simulating cattle pro-
duction in a wide variety of environments, was
utilized for the systems analyses (3,4). Growth and
reproduction parameters simulated for classes of ani-
mals are calculated monthly based on animal nutri-
tive requirements and total digestible nutrients
(TDN) available. Animal requirements are deter-
mined by current age, reproduction and lactation
status, and weight and body condition. These current
requirements are considered in a background of
genetic potentials for growth rate, maturing rate,
mature weight, and milk production of the breedtype
being simulated. Nutrient intake of each animal is
determined by its requirements and quantity and
quality of feed available. The model calculates, on a
monthly basis, nutrient consumption, weights, re-
productive status, body condition, and dynamics
such as births, deaths, and sales. The result is a
simulated reaction of all individuals in a herd to a
specific nutritional (CP and TDN) and management
environment.
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Production conditions for this study were those
of Northeast Texas, an area where beef cattle are the
major source of agricultural income and production
systems are based on forages. Forage and cattle per-
formance data were collected for the area at the
Overton Research and Extension Center (2). Forage
production was based on intensively managed Coast-
al Bermudagrass pastures and hay fields similar to
those prevalent in the area. Yields, total digestible
nutrients (TDN), and crude protein (CP) are given in
Table 1. Crude protein was never estimated to be
below 8.3 percent on this well-managed, heavily fer-
tilized forage, therefore protein level independent of
TDN was not considered to be a limiting factor in
animal performance; that is, TDN was limiting before
CP. Annual fertilization rates were 200 pounds nitro-
gen, 100 Ib phosphorus, and 100 Ib potassium per
acre. Animal performance data that coincided with
the plant data were based on Brahman-Hereford type
cattle. The average weight of dry, open mature cows
consisting of 25 percent body fat was estimated as
1,058 pounds. This same type mature cow on an
adequate diet was estimated to have a potential lacta-
tion peak of 22 pounds per day. Forage and animal
data used in this analysis were based on stocking
rates of approximately 1.7 breeding cows per acre, per
12-month period established at the Overton Center.

In order to simplify the comparisons, manage-
ment practices were set to be constant across all
simulations. The entire herd grazed from April 15
through November 15 and was fed hay from Novem-
ber 16 through April 14 without grazing available.
Hay fed during the winter period was that harvested
during May, June, July and August of the previous
grazing period. Hay was harvested from reserved
hay fields and as excess from grazed pastures. Hay
qualilty was based on forage quality during the four
harvest months and then discounted 10 percent for
storage loss. The net TDN value was approximately
50 percent.

Heifers were bred to calve first at 2 years of age
and were kept to a maximum age of 11 years. Any
cow going 2 consecutive years without a calf was
culled. About 2 percent of each age class of cows was

TABLE 1. FORAGE GROWTH, TOTAL DIGESTIBLE NUTRI-
ENTS (TDN) AND CRUDE PROTEIN (CP) FOR COASTAL BER-
MUDAGRASS AT OVERTON?

Month Forage growth, lb/ha CP,% TDN, %
Jan, Feb, Mar - - -
April 6046 24 72
May 10644 16 64
June 11197 12 55
July 10780 11 53
August 9859 13 54
September 7561 15 57
October 4209 13 55
Nov, Dec — — —
TOTAL 60,296

*Month represents the period from the 15th of the month until the 14th of
the next month; values are on a dry matter basis.
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culled each year to account for injury or disease
problems. Bulls were not considered either for nutri-
tional consumption or cull weight.

In the baseline run, all animals were fed un-
limited hay (ad lib.) throughout the winter period.
Subsequent simulations were run with 80 percent, 60
percent and 40 percent of the ad lib consumption.

In the spring-calving option, calves were born
from January 15 through April 15 and weaned at 7
months of age in August, September and October. In
the fall-calving option, for which a separate baseline
was established, calves were born from September 15
through November 15. Calves born in the first 2
months of the calving season were weaned on June
15 at 8 and 9 months of age, respectively; and the
calves born later were weaned on July 15 at 8 months
of age. In each simulation, all steers and excess heif-
ers were sold at weaning.

Results

Under the stocking rates, available forage dry
matter and nutritive value assumed in these simula-
tions, cows fed higher levels of winter hay were
heavier at the onset of lactation and lost less weight
during the lactation period than cows fed hay at
levels less than ad lib. Simulated fertility decreased
from about 90 percent pregnancy rate for the ad [ib.
hay feeding to about 60 percent for the 40 percent ad
lib. hay feeding. Fertility did not decrease as much
when the winter hay was reduced to 80 percent of ad
lib. as it did when hay levels were reduced from 80
percent to 60 percent or from 60 percent to 40 percent
of ad lib. (Figure 1). Spring-calving herds had higher
overall fertility levels than fall-calving herds except
when winter hay was limited to 40 percent of the ad
lib. level. For the spring-calving herds, the last 60
days of the breeding season occurred when the for-
age was most plentiful and highest in quality. How-
ever, at the 40 percent level, spring-calving cows
were not able to gain enough during the spring
period to reach the weight at which their fall-calving
counterparts entered the breeding season.

Weaning weights were also affected by winter
feed level (Figure 2); weaning weights decreased at
an increasing rate as winter feed level became more
limited. The most dramatic decrease was in fall born
calves which were suckled through the winter feed-
ing period.

An important effect of lower levels of hay feed-
ing and the resulting reduced fertility was the in-
crease in percentage of heifers required for replace-
ments. The number of heifers available was reduced
and more cows were culled for infertility since any
cow missing two consecutive calvings was culled;
therefore a larger proportion of heifers was required
to replace them.

Cow productivity, measured as liveweight sold
per year, followed the same pattern as that of cow
fertility (Figure 1). At all winter feed levels, fall-
calving cows were more productive individually than
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Figure 1. Overall percent cows pregnant of cows exposed for
spring- and fall-calving herds fed four levels of winter hay.

spring-calving cows because of the older ages at
weaning of the fall-born calves.

Herd productivity is a function of individual cow
productivity and total number of producing cows. In
this systems analysis, all hay fed during winter was
assumed to have been harvested on the same farm
during the previous spring and summer. Thus, as
level of winter feeding increased, the amount of land
required to be set aside for hay production increased
and a smaller proportion of farmland was available
for grazing. Within spring- or fall-calving herds, cow
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Figure 2. Mean heifer weaning weights for spring- and fall-calving
herds fed four levels of winter hay.

numbers increased as winter feed level decreased.
Equal grazing pressure was maintained for all simula-
tions.

The relatively well-fed herds, although fewer in
number of breeding cows (Table 2), weaned more
and heavier calves and required fewer replacements.

TABLE 2. HERD PRODUCTION OF A 248-ACRE FARM FOR EACH MANAGEMENT PRACTICE

Spring-calving
hay feeding levels, * %

Fall-calving
hay feeding levels,® %

Item 100 80 60 40 100 80 60 40
Land use, >¢

grazed, acre 158 162 178 199 173 178 198 214

hay only, acre 65 60 44 24 50 44 24 8
No. breeding cows 360 371 403 477 347 359 393 462
No. calves weaned 268 265 245 206 236 233 225 225
No. replacements 56 58 65 88 63 65 73 90
No. calves sold 212 207 180 118 173 168 151 135
Livewt sales

Ib/breeding cow 389 369 314 263 417 394 343 275

Ib/acre 364 353 296 179 360 346 296 214
Cow sales, Ib 49531 49403 53222 81201 55595 55745 61123 73863
Total sales, Ib 139916 136849 126721 125506 144780 141482 134631 126911

“Hay feeding is percentage of ad lib intake.

®Assumes 24-25 acres used for roads, pens, and otherwise produce no forage.
“Bulls were not considered either for grazing acreage, hay consumption or sales.
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Herd productivity, measured as liveweight sales
either per acre or per cow was greater for the higher
levels of winter feeding; if hay feeding was at a higher
level, fall calving was more efficient than spring calv-
ing. Also, as winter feeding levels declined, the pro-
portion of the total liveweight made up of steers and
heifers available for sale declined; as the proportion
of sales made up of culled cows increased the average
price per pound decreased.

A thorough economic analysis was conducted for
each of the production systems employing different
practices (1). The time period from which production
costs and sale prices were taken included 1958
through 1977; all budgets were adjusted for inflation
to 1977 levels. The higher levels of hay feeding and
fall calving were more profitable as well or more
productive. Herd production and profit decreased
relatively small amounts as hay feeding was reduced
from ad lib. to 80 percent ad lib., suggesting that there
is a range of near optimal feeding levels. It should be
noted that this systems analysis study simplified
some practices in order to make comparisons simpler.
One was that only hay was considered to be con-
sumed (no grazing or browsing) during the winter.
The hay was only about 50 percent TDN which is not
a high quality but is probably fairly representative for
Coastal bermudagrass hay in the East Texas area.
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Cow-Calf Management Alternatives
for the Texas Coastal Prairie

M. M. KOTHMANN AND G. M. SMITH

Summary

Data obtained over a 6-year period from a
cooperating ranch were combined with simulation of
animal production to study alternative management
practices for cow-calf operations in the Coastal Prairie
of Texas. Management practices evaluated with the
model included different calving seasons, different
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weaning dates, different kinds and levels of winter
supplement, and different levels of nutrition for re-
placement heifers. Winter calving increased death
losses of calves compared to fall and spring at the
base nutritional level. Fall calving increased weaning
weights, whereas spring calving increased the per-
cent calf crop. Fall calving with improved nutrition
resulted in the highest production but also the high-
est feed expenditures.

Introduction

Range cattle production in the Coastal Prairie of
Texas is characterized by high potential, but also by
many difficulties. High rainfall and a long growing
season result in high potential forage production, but
environmental and nutritional stresses on cattle are
great during winter months. Problems facing cow-

. calf producers include low calf crop percentages, high

death losses of young calves during winter, severe
weight losses by cows during winter, and low levels
of digestible energy in the forage. Management prac-
tices such as dates of calving and weaning and kinds
and amounts of supplements all have significant im-
pact on the productivity of a ranch. However, it is
impossible to evaluate all possible management com-
binations in a field research program. Simulation is a
tool which makes possible the evaluation of many
combinations of management practices. In order to
use the TAMU Beef Cattle Production Systems Mod-
el, data on forage production and quality and on the
genetic potential of a cow herd are required.

Experimental Procedure

Study Area

Livestock and forage data for the simulations
were cbtained from a cooperating ranch in northern
Calhoun County. The average frost-free period was
from mid-February to mid-December, and the aver-
age annual rainfall was about 45 inches. Native vege-
tation was typical of tall grass prairie but had been
invaded by Macartney rose (Rosa bracteata). Little
bluestem (Schizachyrium scoparium) was the dominant
grass species with yellow indiangrass (Sorghastrum
nutans) and various species of paspalum (Pasapalum
spp) as subdominants (1).

Elevation is about 20 feet above sea level and
drainage is slow. Soils are heavy dark clays of the
Lake Charles and Victoria series. Following heavy
rains, water stands on much of the surface of the soil
for several days. During January and early February
there is often standing water on much of this ranch.

The ranch was operated as a cow-calf operation
with calves sold or moved to other locations at wean-
ing. The cow herd of approximately 2,000 grade Santa
Gertrudis was rotated between rangeland and Coast-
al bermudagrass but generally spent the entire
period from November to April on rangeland. Yearl-
ing replacement heifers were grazed on oat pasture
from November to April, but the stocking rate has
been set at levels which restrict forage availability to
the point that it limits intake of the heifers. The



primary winter supplement was Coastal bermu-
dagrass hay which averaged about 6 percent crude
protein (CP) and 45 percent digestible organic matter.
Mineral blocks containing 12 percent P and 12 percent
Ca plus trace minerals were provided free choice
throughout the year.

Cattle Model

A computer model that simulates beef cattle pro-
duction systems has been developed at Texas A&M
University (3,4). This model is designed to allow
solution of problems such as the type of cattle and
management practices that can best utilize a given
feed resource. The model does not assume some level
of animal performance and calculate the feed re-
quired to meet this assumed performance; but rather,
growth rates, condition, milk production, fertility,
and deaths are simulated from the genetic potential
of the cattle interacting with the quality and availabili-
ty of feed resources. The model allows simulation of
cattle of any breedtype for size, maturing pattern,
and milk production potential in production systems
varying in time and length of calving season, culling
and selling policies, supplemental feeding, and for-
age quality and availability. In other words, the mod-
el attempts to predict what would happen if a herd of
cattle were placed on a ranch under real management
practices.

Forage Parameters

Nutrition programs have been simulated at two
levels designated as base and improved. Base nutri-
tion for weaned replacements consisted of range for-
age from weaning through October, then oat pasture
from November through March, shifting to range
forage in April. The oat pasture was not fertilized and
was heavily stocked so that forage availability was the
primary factor limiting gains. The improved nutrition
consisted of increased availability of oat pasture with
CP and digestibility unchanged. Improved nutrition
for weaned replacements also included grazing on
well-managed tame pasture from weaning through
October.

On the base nutritional level, Coastal bermu-
dagrass hay was fed during January and February to
the 2-year-old replacements at the rate of 8.8 pounds
per head per day with range forage providing the
total diet for the remaining montns. Improved feed-
ing of 2-year-olds consisted of increasing the level of
Coastal bermudagrass hay from 8.8 to 13.2 Ib/hd/day
in January and February and increasing the availabili-
ty of range forage to the same levels allowed for the
cows on base nutrition.

Base nutrition for the cows (3 to 10 years of age)
consisted of Coastal bermudagrass hay fed at the rate
of 13.2 Ib/head/day in January and February with
grazed forage for the remainder of the year. Im-
proved nutrition of cows consisted of feeding a sor-
ghum hay for an additional month (January to March)
at the same rate of 13.2 Ib/hd/day. Digestibility of the
sorghum hay was 60 percent and CP content was 10
percent. Under improved nutrition, urea-molasses

was fed at the rate of 3.3 Ib/hd/day to all fall-calving
cows during October, November, and December and
to winter-calving cows during December.

The values for availability, digestibility, and CP
contents of forages were derived from published and
unpublished research conducted on the ranch from
1974 to 1979 (1,2). Many of the forage values were
based on clipped forage analyses with only limited
data from samples collected by esophageally fis-
tulated animals. The judgment and experience of the
authors were used to extrapolate from clipped forage
analyses to estimated values for consumed forage.

Cattle Parameters

Breedtype must be specified in terms of genetic
potential for mature size, milk production, and
maturing rate. The cattle parameters in the present
study were chosen to represent a herd of grade Santa
Gertrudis, but the results are directly applicable to
other adapted breeds of similar size and milking
ability. Mature weight of a cow in good condition was
set at 1,100 pounds based on individual weights, and
condition scores were taken on 200 cows in mid-April
and again in mid-June, 1979. The mean weights and
condition scores (scale of 1 to 9) were 820 pounds and
3.76 units in April and 968 pounds and 4.78 units in
June. Milk production potential was set at 25.4 Ib/day
which is 15 percent higher than what has been used
in previous simulations for the average of Hereford
and Angus cows. This percentage increase is in line
with preweaning growth rate differences of about 18
percent for Santa Gertrudis versus the average of
Hereford and Angus calves at the McGregor Research
Center.

In addition to the above major specifications of
breedtype, three other parameters were altered from
those normally used for British breedtypes to better
reflect the Zebu component. The fraction of mature
size at which puberty could first occur was increased
from 40 to 50 percent, and the upper limit for this
fraction to affect puberty was increased from 60 to 70
percent. Also, slower preweaning and postweaning
maturing rate was specified.

Cattle Management Alternatives

Alternatives available to a ranch manager to help
synchronize herd feed requirements with feed availa-
bility and quality include selection of calving season,
weaning age, and heifer development rate. These
factors interact with environmental effects, seasonal
price fluctuations, and supplemental feeding prac-
tices. The cooperating ranch in this study was calving
from December through March and weaning in late
September or early October. Heifers were developed
to calve first at 3 years of age and only limited culling
of cows was practiced. Alternatives that were evalu-
ated included winter, spring, fall, and split (spring
and fall) calving seasons at both base and improved
nutrition.

Results and Discussion
The percentage of cows becoming pregnant was
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affected more by the changing nutrition than by
changing the time of calving and weaning (Figure 1).
The percentage of cows pregnant with spring calving
and split calving was greater than for fall or winter
calving. It should be noted that fall calving was
limited to a 3-month period while winter and spring
calving had 4-month periods. Split calving consists of
two 3-month periods with cows allowed to shift from
one season to the other. In addition, spring calving
cows nurse for 2 months less than fall and winter
calving cows. The highest pregnancy rate was 83
percent for split calving under improved nutrition.
No interaction between level of nutrition and calving
season was apparent for pregnancy rate.

Level of nutrition interacted strongly with calv-
ing season with respect to calf mortality (Figure 2).
Calf mortality was much greater under the base nutri-
tion with winter calving than under any other man-
agement alternative. This high mortality rate was
reduced by improving nutrition or by changing the
calving season. The highest mortality rates always
resulted from over-wintering young calves. There
appears to be little opportunity for additional reduc-
tion of death losses by further improvement in nutri-
tion. This information has great practical significance
for ranchers in this region.

The number of calves sold per 1,000 cows was
lowest for winter calving and highest for spring and
split calving (Figure 3). Improved nutrition had a
significant effect on calves sold from all management
systems with winter calving having the greatest ef-
fect. The differences among calving and weaning
alternatives were greater under base nutrition than
under improved nutrition.

Level of nutrition affects weaning weights differ-
ently depending on the season of calving (Figure 4).
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Figure 1. Pregnancy rate of cows exposed.
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Figure 2. Calf mortality at birth and up to weaning.

The younger spring-born calves are lightest under
both base and improved nutrition, and they exhibit
the least spread between levels of nutrition. Fall and
winter calves had comparable weaning weights on
base nutrition, but with improved nutrition fall calves
were heavier than winter calves. Spring calves had
little opportunity to utilize the higher quality forage
available during spring, whereas fall and winter
calves were old enough to utilize this forage. Fall
calves received the greatest benefit from improved
winter nutrition because of the increased milk pro-
duction of their dams.

A combined measure of production from the
different management alternatives is the weight of
calves and weight of cull cows sold per cow (includ-
ing replacements) in the herd. The weight of cull
cows sold varied little among management practices
(Figure 5). However, weight of calf sold per cow
differs markedly among treatments. Winter calving
with base nutrition was lowest, and fall calving with
improved nutrition was highest. Changing calving
from winter to fall under base nutrition increased calf
sold per cow by 31 pounds: under improved nutri-
tion, the increase was 42 pounds. Improved nutrition
had a greater effect on calf production than did calv-
ing.season. The response to improved nutrition
varied from 97 pounds under fall calving to 53
pounds under spring calving with winter and split
calving being intermediate.

Based upon the simulations reported here, dif-
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ferent management strategies may be formulated. For
a rancher desiring the lowest cash input with a max-
imum number of calves produced, spring calving or
split calving may be most effective; however, wean-
ing weights would be reduced. High levels of supple-
ments were simulated to have less effect on these
management alternatives because weaning weights
of spring calves showed little response to improved
nutrition. For a rancher desiring to increase produc-
tion, fall calving appears to offer the best opportuni-
ty, primarily because of the expected increased wean-
ing weight of fall calves with improved nutrition.
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However, a fall calving program will require greater
expenditures for feed.

Full interpretation of these data requires that
economic aspects of the practices be considered.
Simulations have been run for 65 different manage-
ment alternatives. Results of this more extensive
study and economic analysis of all the treatments will
be reported in subsequent publications.
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Feed Processing and Preservation

Current economic conditions and fuel shortages have
forced producers to rethink many of the traditional feedstuff
processing, preservation and distribution systems. Concen-
trates, harvested forages and byproduct feeds each contri-
bute to the efficient production of beef and, in most in-
stances, some processing and/or preservation is required
before they are distributed and fed to cattle. Feed processing
and preservation are accomplished to enhance nutrient
availability in a cost effective manner. Renewed emphasis
has been placed upon this need by Texas Agricultural
Experiment Station scientists with the sorghum plant serv-
ing as the primary feedstuff. Their most recent contribu-
tions are presented here.

PR-3774

Use of Grain in Beef Production
L. M. SCHAKE

Summary

The fact that a typical U.S. feedlot steer or heifer
consumes about 2,000 pounds of grain has often
provoked unfavorable criticism of the U.S. cattle
feeding industry, implying excessive use and ineffi-
cient production. In this study, compared to swine
and broiler, beef production was intermediate in con-
verting grain to tissue. One pound of edible carcass
broiler, beef or pork required 2.44, 5.39 or 6.60
pounds of grain, respectively, when the entire pro-
duction cycle was considered. Alternative systems of
producing beef with less grain are possible but may
not result in improved efficiency of production within
current economic and industrial conditions.

Introduction

Efficient conversion of feed nutrients into beef
tissues has continued as an ultimate goal of research
nutritionists for well over a century. Tremendous
progress has been achieved through nutrition, repro-
duction, genetics and other disciplines allowing typi-
cal U.S. consumers ample quantities of quality beef
while spending only 2.4 percent of their disposable
income (6). Most countries envy both the magnitude
and efficiency of the U.S. beef industry; however, the
practice of feeding concentrates to cattle has been
criticized as wasteful, and the redistribution of world
grain supplies for alleviation of human hunger has
been strongly advocated. Within this context, animal
scientists conducted research to document the rela-
tive efficiency of concentrate utilization within the
U.S. livestock and poultry industries.

Experimental Procedure

Total feed intake required to sustain typical cat-
tle, broiler and swine production systems in the
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United States was estimated (2, 3, 4). The entire life
cycle, including feed inputs for herd (flock) replace-
ments and typical deaths, was considered for each
specie. Total feed inputs were then categorized into
either grain or nongrain sources to reflect current
industry conditions.

Results and Discussion

Of the total feedstuffs consumed by calves in-
tended for slaughter (Table 1) approximately half is
grain, 90 percent of which is fed during finishing.
Feedstuffs consumed by parents of a calf as well as by
herd replacements required to sustain the system are
presented in Tables 2, 3 and 4. Eighty-six percent of
all feedstuffs consumed were of nongrain origin (ex-
tensive grazing, hays, silages, supplements) while 14
percent were of grain origin (Table 5). These esti-
mates have been independently supported by other
reports (1,5).

TABLE 1. FEEDSTUFF DRY MATTER CONSUMED BY CALF
FROM BIRTH TO SLAUGHTER

Pounds of feedstuff

Component of system Nongrain Grain
Nursing (245 days - 450 lbs.) 1,050 0
Postweaning (150 days - 600 Ibs.) 1,950 150
Finishing (150 days - 1,000 Ibs.) 1,320 1,980

Subtotals 4,320 2,130
Death loss (4%) 173 85

Totals 4,493 2,215

TABLE 2. FEEDSTUFF DRY MATTER CONSUMED BY SIRE AND
DAM (PER CALF PER YEAR)

Pounds of feedstuff

Component of system Nongrain Grain
Dam of calf (245-day lactation and 120
days as dry cow) 7,000 150
Nonproductive cows (10%) 700 15
Sire of calf (Y25 of sire intake) 401 8
Subtotals 8,101 173
Death loss (1%) 81 A
Totals 8,182 175

TABLE 3. FEEDSTUFF DRY MATTER CONSUMED BY REPLACE-
MENT COW?

Pounds of feedstuff

Component of system Nongrain Grain
Heifer calf (450 Ibs. - 245 days) 1,050 0
Calf postweaning (450-600 Ibs. - 120 days) 1,680 150
Breeding (600-900 Ibs. - 1 year) 6,470 100
Subtotals 9,200 250
Death loss (2% for 2 years) 184 D
Totals 9,384 255

*Only 15% of these total feedstuffs were assumed per calf per year, or 1,408
Ibs. of nongrain and 38 Ibs. of grain.




TABLE 4. FEEDSTUFF DRY MATTER CONSUMED BY REPLACE-
MENT BULL?

TABLE 6. COMPARISONS OF GRAIN TO MEAT CONVERSION
FOR BEEF, BROILER AND SWINE PRODUCTION SYSTEMS??

Pounds of feedstuff

Component of system Nongrain Grain
Bull calf (450 Ibs. - 245 days) 1,050 0
Calf postweaning (450-800 Ibs. - 1 year) 9,700 155
Breeding (800-1,300 Ibs. - 1 year) 9,025 100
Subtotals 19,755 255
Death loss (2% for 22 years) 395 5
Totals 20,170 260

“Only 15 % of these total feedstuffs was assumed per herd per year; each
herd containing 25 calves results in 121 pounds of nongrain and 1.6 pounds
of grain per year.

TABLE 5. FEEDSTUFF DRY MATTER CONSUMED TO PRO-
DUCE BEEF

Pounds of feedstuff

Component of system Nongrain Grain
Sire and dam of calf® 8,182 175
Calf from birth to slaughter® 4,034 1,973
Replacement cow® 1,408 38
Replacement bull® 121 2
Totals 13,745 2,188
Percent (86) (14)

“Assumes a 245-day lactation and 120 days as a dry cow with 10 percent non-
productive cows. Sire assumed to have sired 25 calves per year. A 1-percent
death loss per year for both cows and bulls.

PAssumes 65 percent steers and 35 percent heifers. Steers weaned at 245
days (450 pounds), grazed for 150 days (1 pound ADG), and fed to 1,000
pounds in 150 days. Heifers weaned at 245 days (450 pounds), grazed for
100 days (1 pound ADG), and fed to 850 pounds in 130 days. A 4-percent
death loss for both steers and heifers from birth until slaughtered. Average
grain content of the feedlot ration estimated at 60 percent.

“Annual replacement rates of 15 percent and a 1-percent annual death loss
assumed for both cows and bulls.

Relative conversions of grain to animal tissue
(Table 6) rank swine as least efficient, broiler as most
efficient, and beef intermediate. Less grain could be
used in the production of beef but relative values of
pork, broiler and beef at the consumer level must also
be considered. Swine and broiler production systems
essentially lack this alternative. Additionally they
must derive most of their feed protein from pre-
formed sources (14 and 35 percent of rations com-
posed of protein meals for swine and broilers, respec-
tively), while cattle utilize various nonprotein nitro-
gen sources.

Many areas of the world produce beef with less
grain inputs than the U.S. system and clearly the
same can be accomplished in this country. However,
since most grain is fed to cattle in feedlots immediate-
ly prior to slaughter, other inherent efficiencies in the
U.S. system emerge. Data in Table 7 illustrate the
consequences of slaughtering calves at lighter
weights upon total conversion of feed energy to emp-
ty body weight. When calves are slaughtered prior to
their biological optimum weight the efficiency of the
production system suffers. Another alternative
would be to develop cattle to their optimum slaughter

Pounds of grain to produce 1

pound of
Basis of comparison® Broiler® Beef Pork?
Edible carcass tissue 2.44 5.39 6.60
Carcass weight 1.83 3.79 4.60

“These values do not consider the meat contributed by salvage breeding
stock.

"Total pounds of feedstuff input estimated for broilers and swine in the same
manner as outlined for beef cattle.

‘Liveweights and respective dressing percentage of each specie:

Pounds Percent
Broiler 4.25 73.0
Swine 200 70.0
Steers 1,000 61.5
Heifers 850 60.0

“Swine rations require 14 percent soybean meal or cottonseed meal and
broiler rations require 35 percent soybean meal in addition to their grain
intake.

TABLE 7. GROSS EFFICIENCY OF BEEF PRODUCTION WHEN
CALF IS SLAUGHTERED AT VARIOUS WEIGHTS

Slaughter weight, pounds

Item 1,000 650 450
Dressing percent 61.2 56.0 52.0
Carcass weight, Ibs. 612.0 364.0 234.0

Megcal. of total feed gross
energy to produce one
pound of empty body
weight 23.3 28.8 58.4

weight without grains. When this system is applied
cattle reach slaughter weights at advanced chronolog-
ical ages which substantially increases the total
maintenance cost to the system, increases seasonality
of beef supplies, and reduces the cow-calf inventory
and total beef supplies (assuming range resources are
fixed). In general, this alternative is not compatible
with the need for uniform utilization of fixed invest-
ments, especially for the slaughter, processing, dis-
tribution and marketing industries.

Obviously grain must be available in large quan-
tities before it can be considered as feed for any
specie. Feeding grain to cattle is biologically sound
and economically viable for a large sector of the
world’s economy. Almost 80 percent of annual U.S.
grain production is fed to livestock with swine con-
suming more than cattle (1). Therefore, the producer
of grain relies upon the feeding industries to add
value to his product in the free enterprise-open mar-
ket system. In fact, U.S. farmers would not have
emerged to their present grain production potential
without this mutually supportive relationship. If
other uses of grain such as direct consumption by
humans, alcohol for fuel or grain exports have greater
economic potential to investors, each would propor-
tionally contribute to the value of grain by competing
at the market place.
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The production of beef with relatively low grain
inputs (14 percent of total feed requirements) reflects
the highly flexible nature of the ruminant. Feeding of
grain to cattle should be based upon their relative
biological efficiency, the value of beef products in the
market place, and the cost and availability of feed
grains within the free enterprise system.
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Energy Value of Forages
in Grain Diets

F. M. BYERS

Summary

A split phase system of feeding forage before
feeding grain resulted in an 8.4-percent improvement
in efficiency of feedstuff energy use when compared
to a system of feeding a constant proportion of forage
and grain daily throughout the total feeding period.
This system could save the equivalent of %2 ton of corn
silage per animal fed. Overall average daily gain was
identical with either system. These data, in concert
with other recent research (3), document the need to
consider feeding system alternatives in scheduling
the time and level of forage or grain feeding to realize
the full potential of energy conversion from harvest-
ed forages (corn silage, sorghum silage) to beef.

Introduction

While it has long been an accepted practice to
include forage in grain rations and wvice versa, the
question of whether or not the energy in these feed-
stuffs can be effectively digested and utilized when
fed in combination is still controversial. Proponents
of “single feed energy value” concepts suggest that
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feed interactions are minimal while a substantial
volume of recent research from Colorado (4), Min-
nesota (5), Michigan (6), and Ohio (1, 2, 3), among
others, documents results to the contrary. The data
presented here indicate that feeding forages and
grains in mixed rations results in less than optimal or
expected energy utilization (Figure 1) and cattle per-
formance.

When feeding forages, which inherently have
less usable energy than grains, it is important to
design feeding systems that maximize forage energy
and feeding value.

Several problem areas limit this from happening
in a steer feeding system. These include the effects of
soluble carbohydrate (from grain) which reduces the
rate of fiber digestion in the rumen, and also resi-
dence time of small forage particles in the rumen
which consequently reduces starch digestion in the
small intestine due in part to passage of undigested
forage fiber. Feed intake can be reduced when long
hay and similar forages are fed, as starch reduces the
rate of digestion in the rumen. Rate of passage, rate
of digestion, pH, and level of intake all have an
impact on this problem. Forages with large amounts
of structural carbohydrates with high potential extent
but low rates of digestion are most susceptible to
depression in digestion when rapidly fermentable
carbohydrates are added. Increasing level of intake
increases rate of passage and further restricts the
extent of digestion achieved, especially with structur-
al carbohydrates.

Obviously, this is more important for forages
with larger amounts of fermentable fiber and low
amounts of lignin. Forages containing very little fiber
(high in solubles), fiber with fast rates of digestion, or
large amounts of indigestible fiber suffer the least
when grain is added. Consequently, good quality
cereal grain forages (corn silage, sorghum silage) are
feedstuffs susceptible to negative feed interaction ef-
fects which decrease the energy yield from the forage
carbohydrates when grain is fed. Systems to circum-
vent these problems have to date met with only
marginal, if any, success. A split-phase feeding pro-
gram where mostly silage or forage is fed during the
first phase of feeding and the total diet is switched to
high grain during latter stages of finishing may offer
the most potential.

Experimental Procedure

Fifty-six crossbred steers averaging 282 kilograms
were allotted to seven groups, one for initial slaugh-
ter and six assigned to two treatments with three
pens per treatment. The two feeding systems were as
follows: a “constant” system involving feeding a 43
percent corn silage, 57 percent whole shelled corn
and supplement ration from start until slaughter; and
a two-phase system involving feeding only corn sil-
age and a protein-mineral supplement for the first 70
days followed by a switch to a whole shelled corn and
supplement diet with only a limited amount of silage.
Carcass and empty body consumption and energy
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were determined from carcass specific gravity mea-
surements. Steers were fed until they were estimated
to average 30 percent carcass fat.

Results and Discussion

Over the total study, diets for split-phase and
constant systems averaged 54.9 and 57.1 percent
grain, respectively (Table 1), indicating that the target
of feeding similar proportions of silage and grain but
at different times during the study was closely ap-
proximated. Rates of gain were similar for either
feeding system. Feed efficiency favored the split-
phase system by 3.0 percent even though a slightly
lower (3 percentage units) level of grain was fed in
this system over the total study. While energy reten-
tion (RE) was similar for either system, daily
metabolizable energy (ME) intake was 3.0 percent

TABLE 1. PERFORMANCE AND ENERGY UTILIZATION IN
CATTLE FED SILAGE AND GRAIN IN SPLIT-PHASE OR CON-
STANT FEEDING SYSTEMS

Item Split-phase ~ Constant
Number of cattle 24 24
Initial weight, kg 281.9 281.6
Final weight, kg 542.5 540.7
Days on feed 218 216
Average daily gain, kg 1.20 1.20
Average percent grain fed 54.9 57.1
Dry matter intake per day, kg 8.10 8.36
Dry matter/gain 6.75 6.96
Metabolizable energy (ME),

keal/wt”>/day 249 265
Retained energy (RE),

keal/wt”*/day 58.7 59.7
Efficiency of ME use for gain, % 42.5 39.2
Improvement with split-phase, % 8.4
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higher for the constant system. As a result, the effi-
ciency of energy storage was improved by 8.4 percent
with the split-phase system as compared to the con-
stant feeding system. These data indicate that the
grain and silage fed were used more efficiently when
fed during separate phases of feeding than when fed
in a constant proportion throughout. With the 8.4-
percent improvement in energy utilization, approxi-
mately %2 ton of corn silage or the equivalent in grain
energy would be saved per animal fed by using the
split forage-grain vs. the constant combination feed-
ing system. These observations support the concept
of separating forage and grain to the extent possible
prior to feeding to maximize energy recovery from
both feedstuffs.

Similar responses may be possible with grain
sorghum. Methods for separating grain from forage
in ensiled whole plant sorghum prior to feeding are
currently under development to facilitate even great-
er utilization of the forage energy from sorghum in
cattle feeding systems.
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Effect of Whole-Plant Grain Sorghum
Silage Processing Methods and Lasalocid
Sodium on Stocker Calf Performance

G. GUTIERREZ, L. M. SCHAKE,
AND F. M. BYERS

Summary

Two experiments were conducted to determine
the effects of processing whole-plant grain sorghum
silage on stocker calf performance and in vivo diges-
tibilities and to evaluate different lasalocid sodium
levels on calf performance and rumen fermentation.
Two silage treatments and three levels of lasalocid
were compared in a growth trial. Dry matter intake
and animal weight gains were greater for the whole-
plant grain sorghum silage with whole grain than for
grain sorghum silage with pre-ensiled rolled grain.
No significant differences in rumen fermentation
were found between silage treatments. Lasalocid
sodium significantly depressed feed intake and im-
proved feed efficiency at 33 parts per million (ppm).
Lasalocid at 49 ppm did not improve feed conversion
over that of control steers, but depressed (P<.05)
daily gains. Lasalocid produced a shift in ruminal
volatile fatty acid levels, reducing the ace-
tate:propionate ratio. The apparent starch digestion
of the post-ensiled rolled silage was greater (P<.05)
than for the two other silage treatments. Apparent
digestibility of dry matter, organic matter, crude pro-
tein, and acid detergent fiber were similar for all
treatments.

Introduction

Previous research indicated that an acre of
whole-plant grain sorghum harvested as silage in-
creased liveweight gains of cattle by almost a third
compared to harvesting and feeding only the grain.
One problem in feeding whole-plant grain sorghum
silage is the apparent indigestibility of much of the
grain when fed in the whole form. This is thought to
be due to a dense proteinaceous matrix in the peri-
pheral endosperm layer of the sorghum kernel which
renders starch granules inaccessible to ruminal diges-
tion. Some attempts have been made to improve the
digestibility of the grain within the silage by process-
ing the grain before or after ensiling. Inconsistent
results have been obtained, but processing the silage
after ensiling has produced the most promising re-
sults.

Historically, the cattle feeding industry has
utilized feed additives to improve weight gains
and/or feed efficiency of cattle. Recently, a new
compound, monensin sodium, was approved for
feeding beef cattle. This new additive has found
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widespread acceptance among cattle feeders since it
substantially improves feed efficiency of cattle con-
suming a wide variety of rations. The success with
monensin has encouraged testing of similar com-
pounds which may also alter ruminal activity and
improve feed efficiency and/or weight gain of cattle.
Lasalocid sodium is a compound similar to monensin
that has reached the field-testing stage. More data are
needed to identify the unique properties of lasalocid
in a wide array of feeding conditions. The objectives
of this study were to determine the effects of process-
ing the grain within the whole-plant grain sorghum
on stocker calf performance and in vivo digestibilities
and to evaluate effects of lasalocid sodium levels on
stocker calf performance and rumen fermentation.

Experimental Procedure

A commercial heteroyellow endosperm type
grain sorghum hybrid, WAC 715, was harvested for
silage using a combine (Massey-Ferguson 92) mod-
ified to harvest the whole plant and process the grain
and stover separately. Sufficient quantities of whole-
plant grain sorghum containing either whole or rolled
grain were harvested and immediately ensiled in
oxygen-limiting structures before being fed in growth
and digestion trials.

Seventy-two crossbred Beefmaster steers were
randomly allotted to twelve pens in a 2 X 3 factorial
design with two replicates per treatment. Two silage
treatments (whole grain and pre-ensiled rolled grain)
and three levels of lasalocid sodium (0, 33 and 49
ppm) formed the six treatments studied in this
growth trial. The rations consisted, on a dry matter
basis, of 91.2 percent of each silage and 8.8 percent of
a commercial protein supplement (34 percent crude
protein) providing the three levels of lasalocid
sodium.

The steers were given routine vaccinations, were
wormed, had horns tipped, and were ear tagged and
implanted with 36 milligrams (mg) of zeranol at the
initiation of the trial. Steers were individually
weighed at the beginning, at 28-day intervals, and at
the end of the trial. Steers were fed once daily at a
rate consistent with free choice consumption. Weight
gains, feed intake, and dry matter content were used
to calculate daily gains, dry matter intake, and feed
conversion. Rumen fluid samples were collected from
50 percent of the steers by stomach tube approxi-
mately mid-way through the 100-day experiment to
determine the effects of lasalocid and its possible
interaction with the silage treatments upon volatile
fatty acid concentrations in the rumen.

A digestion trial was conducted to determine in
vivo nutrient digestibility of three whole-plant grain
sorghum silage processing methods. The first two
treatments were exactly the same as outlined in the
growth trial. A third treatment consisted of rolling
both the grain and the stover portions of the whole-
plant sorghum silage containing whole grain after
being ensiled (post-ensiled rolled silage).

The silages were mixed with a 34-percent pro-



tein-mineral supplement to- form the three iso-
nitrogenous rations. The rations consisted, on a dry
matter basis, of 91.2 percent of one of the three
silages and 8.8 percent of the protein supplement.
These mixtures were fed to six crossbred Beefmaster
steers following a switchback design. Digestibility
coefficients were determined using the external
marker ytterbium nitrate at a rate of 50 micrograms
(ng) of pure ytterbium per gram (g) of dry matter
consumed. The marker was uniformly added to the
protein supplement and then blended with each si-
lage. The trial consisted of three periods of 14 days, 8
days to adapt the steers to the new rations followed
by 6-day fecal collection periods. Fecal samples were
collected twice daily in duplicate. At the end of the
trial composite fecal and feed samples were analyzed.

Results and Discussion

Silage Treatments

Since statistical analysis indicated no significant
interactions between silage treatments and lasalocid
sodium, each will be discussed separately. Dry mat-
ter intake was higher (P<.05) for the whole-grain
silage treatment than for pre-ensiled rolled grain si-
lage (Table 1). This difference coincides with a higher
(P<.05) dry matter content of the whole grain pre-
sumably due to a somewhat later harvest date. These
results are in agreement with most of the previous
work (4,5,6), indicating that an increase in dry matter
content of silages consistently increases dry matter
consumption and animal performance. No significant
difference in feed conversion was found between
silage processing methods — a finding supported by
previous work. A 4.34-percent difference (P=.13) in
weight gains was obtained between treatments.
However, most of the weight gain difference ob-
served may be attributed to the difference in silage
dry matter intake.

TABLE 1. EFFECT OF WHOLE-PLANT GRAIN SORGHUM SI-
LAGE PROCESSING ON STOCKER CALF PERFORMANCE

Silage treatments

The effects of processing the grain within the
silage upon ruminal fermentation is shown in Table
2. No significant differences were found in acetic,
propionic, iso-butyric, iso-valeric, and valeric acid
levels. Butyric acid was highest (P<.05) in the whole-
grain treatment. A reason for this observation is not
indicated by these data.

Lasalocid Sodium

Lasalocid sodium depressed (P<.05) feed dry
matter intake over that of control steers (Table 3).
Lasalocid reduced feed consumption by 12.2 percent
at the 33-ppm level and by 17.3 percent at 49 ppm
(Table 3). The greatest reduction in feed intake oc-
curred during the first 28 days when the steers were
introduced to the antibiotic. At that time feed intake
was reduced by 29 percent and 19.2 percent for 49
and 33 ppm levels, respectively. These results are in
agreement with most reports (1,2,3) in which feed
intake has been reduced from the initial introduction
of lasalocid. No statistical difference was observed in
daily gains between the control and the 33 ppm
treatment but both were higher (P<.05) than the 49
ppm treatment. This difference in daily gain may be
attributed to the low dry matter intake observed for
the 49-ppm treatment. Apparently lasalocid at the 49-
ppm level depressed feed intake of steers sufficiently
to offset any possible improvements in nutrient utili-
zation.

TABLE 2. EFFECT OF WHOLE-PLANT GRAIN SORGHUM SI-
LAGE PROCESSING ON RUMEN FERMENTATION PARAME-
TERS

Silage treatments

Volatile fatty acid, % Whole Pre-ensiled
grain rolled grain
Acetic 66.05 67.92
Propionic 19.85 20.20
Butyric* 8.06 6.95
Acetic:propionic ratio 3.21:1 3211
Iso-butyric 1.54 1.36
Iso-valeric 2.51 2.18
Valeric 2.00 1.67
* = (P<.05).

TABLE 3. EFFECT OF LASALOCID SODIUM LEVELS ON STOC-
KER CALF PERFORMANCE

Item Whole Pre-ensiled

ik il Lasalocid levels, ppm
Number of stee.rs 36 36 o 0 33 49
Number of replicates 6 6
Steers per replicate 6 6 Number of steers 24 24 24
Average initial weight, kg 216.57 216.38 Number of replicates 4 4 4
Average final weight, kgt 293.58 290.05 Steers per replicate 6 6 6
Daily feed intake, as fed, kg 15.41 15.66 Average initial weight, kg 216.08 216.70  216.63
Dry matter, %* 36.48 34.01 Average final weight, kg 296.48° 293.70°  285.25°
Daily dry matter intake, kg* 5.62 5.34 Avérage feed intake, kg 6.08* 5.34° 5.02¢
Average daily gain, gmt 770.10 736.71 Average daily gain, g 803.99° 769.97°  686.25"
Feed conversion 7.30 7.26 Feed conversion 7.58° 6.95° Fe8ve-s
* = (P<.05). *PMeans of the same line with unlike superscripts are different (P<.05).
t = (P=.13). 4¢Means of the same line with unlike superscripts are different (P<.10).
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Analysis of variance for feed efficiency showed a
trend (P=.16) between treatments. Control steers
were similar to the 49-ppm level but different (P<.10)
from the 33-ppm level. No significant difference was
obtained between 49-and 33-ppm treatments. The
8.3-percent improved feed efficiency for 33 ppm over
control steers supports most of the previous findings
(1,2,3) indicating improvements in feed conversion
when lasalocid was added to cattle diets. From these
data, 33 ppm of lasalocid seems to represent a near
optimum for intake, weight gain, and feed conver-
sion of steers.

Lasalocid sodium reduced (P<.05) the propor-
tion of acetic acid and increased (P<.05) propionic
acid in the rumen (Table 4). Butyric acid was similar
for control and 49-ppm treatment but different
(P<.05) at the 33 ppm. No significant difference in
acetic, propionic, and butyric acids was observed
between the 49-and 33-ppm treatments. These data
are in agreement with earlier research (1,3). No sig-
nificant differences were observed for other volatile
fatty acids studied.

Digestibility Trial

No significant differences in dry matter, organic
matter, crude protein, or acid detergent fiber digest-
ibilities were observed between silage treatments

(Table 5). Even though no statistical differences were
found among treatments, there was a trend toward

TABLE 4. EFFECT OF LASALOCID SODIUM LEVELS ON RU-
MEN FERMENTATION

Lasalocid levels, ppm

Volatile fatty acid, % 0 33 49
Acetic 71.98° 66.12°  62.85°
Propionic 13.94° 22032 24 002
Butyric 8.21° 6.83° 7.48%°
Acetic:propionic ratio 4.75:1 2.98:1 2.61:1
Iso-butyric 1.53 1.34 1.48
Iso-valeric 2.50 2.35 2:19
Valeric 1.82 1.65 2.04

»*Different superscripts on the same line indicate significant differences
(P<.05).

higher coefficients for post-ensiled rolled silage with
a 4.3-percentage unit improvement in organic matter
digestibility, 3.9 percent improvement in dry matter
digestibility, and 3.0 percent in crude protein digest-
ibility over the other treatments. Starch digestibility
was higher (P<.05) for the post-ensiled rolled silage
than for the other treatments. No significant differ-
ences were observed for any nutrient digestibility
between the whole-grain and the pre-ensiled rolled
grain treatments; this result supports the absence of
growth responses to silage processing in the growth
trial.
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TABLE 5. EFFECT OF WHOLE-PLANT GRAIN SORGHUM SILAGE PROCESSING METHODS ON NUTRIENT DIGESTIBILITY

Silage treatments

Whole Pre-ensiled Post-ensiled

Item grain rolled grain rolled silage
Number of steers 6 6 6
Digestibility, %

Organic matter 55.10 55.39 59.50

Dry matter 52.83 53.00 56.80

Crude protein 43.83 43.30 46.57

Starch 87.21° 83.97% 93.63°

Acid detergent fiber 29.81 36.57 33.98
Fecal pH 6.85 6.97 7.02

*®Means in the same line with different superscripts indicate significant difference (P<.05).
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PR-3777

Whole-Plant Grain Sorghum
for Growing and Finishing Beef Cattle

L. M. SCHAKE, J. H. RUFF
AND C. W. BUICE

Summary

Whole-plant grain sorghum silage, sorghum
grain, and two combinations were fed to 64 crossbred
steers to measure growth and carcass responses. Ra-
tions with whole-plant silage increased feed dry mat-
ter intake of steers over an all-grain control. Rate of
gain and feed conversions were most favorably in-
fluenced with rations containing more grain than
whole-plant silage. The all-grain treatment produced
steers with an average carcass dressing percentage
two percentage units higher than treatments contain-
ing whole-plant silage. Steers in the whole-plant
grain sorghum treatment resulted in a 28-percent
increased liveweight gain per unit of land compared
to the all-grain treatment.

Introduction

Texas produces about 6 million tons of grain
sorghum and only 80 thousand tons of sorghum
silages annually. Therefore, an enormous quantity of
sorghum vegetation is not being fully utilized as a
roughage source for cattle. Previous research has
indicated that both the grain and stover of whole-

TABLE 1. EXPERIMENTAL APPROACH

plant sorghum silages must be processed to obtain
full nutritive potential for cattle. Therefore, an experi-
ment was designed to establish the potential of feed-
ing processed whole-plant grain sorghum silage to
beef cattle.

Experimental Procedure

Sufficient quantities of both whole-plant grain
sorghum silage and grain sorghum were harvested
from the same field in 1976. The whole-plant grain
sorghum silage was harvested with a Massey Fergu-
son Super 92 combine modified to produce rolled
grain and chopped stover. The grain was harvested
by this same combine and rolled before being con-
veyed into trailing wagons. Both of these field-
processed sorghums were stored in oxygen-limited
storage until fed. Twice the land area for grain as
whole-plant was harvested to result in 46.5 and 51
tons of dry matter, respectively. Sixty-four crossbred
steers were assigned to one of four treatments as
outlined in Table 1. In addition to the four combina-
tions of sorghums fed, steers were fed 0.9 kg per
head per day of a protein-mineral supplement to
result in near equal intakes of protein, calcium, and
phosphorus. Steers were managed in an acceptable
research routine during the 112-day growth trial to
obtain feed dry matter intake and growth responses.
At the termination of the growth trial, all steers were
slaughtered to obtain measurements of carcass value.

Results and Discussion
The grain-to-stover ratio (dry matter basis) was

Treatments
Item Whole plant 75-25 25-75 All grain
Whole plant, %* 100 75 25 0
Grain, %* 0 25 75 100
Total grain, % 50 57.5 87.5 100
Number of replicates 2 2 2 2
Steers per replicate 8 8 8 8
?As fed basis.
TABLE 2. FEEDING TRIAL RESULTS
Treatments

Item Whole plant 75-35 25-75 All grain S.D.
Initial weight (kg) 251.10 255.15 247.11 250.91 5.54
Daily dry matter

intake (kg) 11.64¢ 12.60¢ 10.73° 7.80% 2.07
ADG (kg) .93° 1.40° (E112 1.18
Kg feed per kg gain

(DM basis) 12552 11.14° 7.70° 7.00° 2.67
Percent increased

liveweight per

hectare over all

grain 28.4 2.0
abe(P< 05),
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TABLE 3. CARCASS CHARACTERISTICS

Treatments

Item Whole plant 75-25 25-75 All grain S.D.
Warm carcass

weight (kg) 208.69° 228.89% 238.37% 232.04° 12.83
Dressing percent 60.45° 60.80° 60.86° 62.73° 1.03
Ribeye area, cm? 9.34° 10.95° 10.55% 10.85° 74
Kidney and

pelvic fat (%) 2152 2.26*% 2.46° 2.36%F .14
Yield grade 2:107P 1.83° 2.40° 297 .25
Marbling score® 3.38° 3.92° 4.712 4.56% .61
Fat thickness, cm 22 .24 32 83 .01
Quality grade? 8.69° 9.64° 11.00* 10.94° .11
ab(pP<.05). !

‘Coded: 3 = Traces; 4 = Slight; 5 = Small.

dCoded: 8 = High Standard; 9 = Low Good; 10 = Average good; 11 = High good.

1:1 for the field-processed whole-plant silage, thus
indicating that near equal amounts of grain and stov-
er dry matter are present in grain sorghums. When
this whole-plant silage was fed to steers as the major
ration ingredient, feed dry matter intake was greater
(P<.05) than the 25 percent silage-75 percent grain
combinations or the all-grain treatment (Table 2).
These observations are consistent with a large body
of cattle feeding research on roughage concentrate
ratios. Steers fed the 25 percent silage-75 percent
grain combinations gained more rapidly (P<.05) than
those on other treatments and with a feed conversion
similar to the steers fed all grain rations. Feed conver-
sion for steers fed whole plant and 75 percent silage-
25 percent grain rations was similar, but higher
(P<.05) than for the other treatments.

Carcass weight was greater (P<.05) for all treat-
ments that contained added grain compared to
whole-plant silage (Table 3). However, dressing per-
centage was higher (P<.05) for the all-grain treatment
compared to remaining treatments. The most likely
reason for this response is the reduction of gut-fill for
the steers fed all grain rations compared to rations
with silage. The carcasses resulting from steers fed
the 25 percent silage-75 percent grain and the all-
grain ration had higher (P<.05) marbling scores,
yield grades, and quality grades than those from
remaining treatments.

Liveweight gain per hectare was increased
(P<.05) through the use of whole-plant grain sor-
ghum, 28.40 percent, 1.20 percent, and 2.00 percent
for the whole-plant, 75 percent silage-25 percent
grain, and 25 percent silage-75 percent grain treat-
ments, respectively. However, it must be recognized
that the values of resulting liveweight gains were not
necessarily equivalent as indicated by differences in
carcass characteristics.
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Module Storage of Grain Sorghum
Head Chop Silage for Cattle

W. L. Davis, L. M. SCHAKE,
AND R. E. LICHTENWALNER

Summary

Grain sorghum head chop was stored either in
large free standing modules or in oxygen-limited
structures as field cut or recut silage. Module silage
underwent dry matter losses of 36 to 47 percent
compared to 12 to 18 percent for oxygen-limited stor-
age (P<.05). Module-stored silage indicated a de-
creased nutritive potential by both chemical analyses
and cattle performance. Steers fed either of the mod-
ule-stored silages ate less head chop dry matter and
gained less weight (P<.01) at a reduced feed efficien-
cy (P<.10) compared to those fed oxygen-limited
stored silages. Carcass characteristics were also dis-
favorably influenced by module-stored silages. These
data suggest that intake of module-stored silage dry
matter was a more limiting factor in steer perform-
ance than digestibility as estimated by the in situ
procedure. Modules may hold potential as short-term
ensiling systems.

Introduction

Previous research had indicated that grain sor-
ghum head chop silage represented a logical method
of early harvesting grain with some roughage in the
form of stover for feeding cattle. Adapting field cut-
ters to harvest the upper one-half to one-third of the
grain sorghum plant was an effective way to harvest
head chop, but it was not clear if additional process-
ing of the head chop would enhance storage and/or
feeding value of the crop.



Cattlemen are interested in highly flexible and
inexpensive techniques of silage preservation.
Throughout Texas the cotton module builder has
found widespread application and was considered as
a possible alternative for storing silages in free stand-
ing modules, similar to the concept of baled silage (1).
Therefore, a series of silage fermentation, cattle feed-
ing, and digestion experiments were established to
investigate these concepts.

Materials and Methods

Oro-T hybrid grain sorghum was harvested by
cutting the upper 56 centimeters (cm) of the plant
from July 15 to 23, 1976, at 39 to 46 percent dry
matter. The head chop contained 84.4 percent grain
and 15.6 percent stover. Half of the head chop was
introduced into storage through a Wetmore recutter-
blower to reduce particle size beyond the field cut
material. The remaining head chop entered storage
through a Gehl tractor-powered forage blower. The
field cut and recut head chop were either ensiled in
oxygen-limited structures or free-standing high den-
sity modules. The hydraulically operated vertical foot
of the module builder traversed the entire width and
length of the module to allow uniform compaction of
the head chop, resulting in 288 or 341 kilograms (kg)
of silage dry matter per cubic meter (m>) for the field
cut and recut treatments, respectively. Modules were
constructed on plywood pallets. A commercial pre-
servative consisting of 67 percent propionic acid, 10
percent formaldehyde plus 23 percent inert ingre-
dients was combined with the head chop at 1.6 per-
cent of fresh weight as the silage entered each storage
system.

Sixty-four Brahman x British cross steers were
assigned to the head chop treatments from Novem-
ber 7, 1976, until March 19, 1977, when they were
slaughtered to evaluate carcasses. The steers were fed
grain sorghum head chop silage according to appetite
plus .9 kg/day of a cottonseed meal-based protein and
mineral and vitamin supplement. In situ dry matter
digestibilities of these head chop silages were ob-

tained with established procedures (2). Sampling pro-
cedures and both chemical and statistical analyses
employed were accepted procedures for experiments
of this nature.

Results and Discussion

Data presented in Table 1 indicate that total dry
matter losses were about threefold greater for mod-
ule-stored head chop silage than for that stored in
oxygen-limited structures (P<.05). Recut head chop
resulted in more dry matter weight loss than field cut
silage in both storage systems.This response to parti-
cle size is not consistent with most previous research.
About 4.5 percent of silage dry matter in modules
was judged unfit for feeding and was discarded,
representing 15 to 20 cm on the exposed surfaces of
the modules. From July through March the field cut
and recut modules lost 36.6 and 47.4 percent of
original dry matter, apparently the result of excessive
exposure to the atmosphere and heating to over 50°
C. Most of the surface deterioration and fermentation
losses occurred after the first 30 days of storage.
Modules may hold potential as a short-term silage
storage system since the initial shift in pH was not
significantly different than in oxygen-limited storage,
and dry matter losses were judged to be minimal for
the initial month of storage.

Composition of the head chop rations fed reflect
higher crude fiber (P<.10) and ash values for module
and recut oxygen limited-stored silage but lower ni-
trogen-free extract values than field cut silage stored
in oxygen-limited systems (Table 2). These observa-
tions plus relatively high acid detergent insoluble
nitrogen values obtained from small laboratory mod-
ule-stored silage in another experiment all indicate a
reduced nutritive potential for module-stored silage,
due largely to heating of the silage during storage.

Steers fed either module-stored head chop silage
consumed less per day than those offered oxygen-
limited stored silage (Table 3). Rate of gain was also
depressed (P<.01), resulting in the least desirable
(P<.10) feed conversion for the steers fed module-

TABLE 1. STORAGE QUALITIES OF SORGHUM HEAD CHOP SILAGE STORED IN MODULES AND OXYGEN-LIMITED STRUCTURES

Storage treatments

Oxygen limited Module

Item Field cut Recut Field cut Recut
Head chop silage

dry matter, % 5k o122 50.1 50.0
Compaction pressure,

kg/cm? .49 .49
Dry matter density, kg/m® 277.9 340.7
Head chop silage pH 5,75 4.70 4.78 5:22
Silage dry matter discarded, % 0.00 0.00 4.5 4.4
Silage dry matter loss, % 12:5 18.0 36.6 47.4
Total silage dry matter

loss, %* 12.5 18.0 41.1 51.8
*(P<.05).
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stored silages. With module storage, field cut or recut
silages resulted in similar performance of steers,
while recut silage improved rate of gain (P<.01) for
steers over the field cut oxygen-limited treatment.
Recut oxygen-limited silage also indicated a slight
improvement in dry matter conversion over field cut
oxygen-limited silage.

Carcass characteristics reflected the growth re-
sponse of steers fed the four processed silages (Table
4). Carcasses from steers fed module-stored silages

TABLE 2. CHEMICAL COMPOSITION OF FEED MIXTURES

had lower (P<.01) dressing percentages and lower
carcass quality and yield grades (P<.05) than those
from steers fed silages stored in oxygen-limited sys-
tems. These data clearly indicate that module-stored
silages depressed silage dry matter intake and rate of
growth for steers resulting in lighter carcasses of
lower quality and yield grade. In situ silage dry matter
disappearance estimates (Table 5) also tend to sup-
port these responses, although recut module silage
was more rapidly utilized (P<.05) at 48 and 168 hours

Storage treatments

Oxygen limited Module
Item® Field cut Recut Field cut Recut
Dry matter 48.3" 47.2% 49.4~ 54.8¥
Crude protein 13.5 12.5 13.2 13:9
Crude fiber 17.9* 13.3% 21.9¥ 19.9¥
Ether extract 2.4 1.8 2.2 117/
Ash 4.8 5.7 6.2 7.1
Nitrogen-free extract 60.5Y 57.5Y 56.4* 57.4*

*Values expressed as percent of dry matter.
*¥Values in same row with different superscripts differ (P<.10).

TABLE 3. PERFORMANCE OF STEERS FED SORGHUM HEAD CHOP STORED IN MODULES OR OXYGEN-LIMITING STRUCTURE, KG

Storage treatments

Oxygen limited Module

Item Field cut Recut Field cut Recut
Initial weight 293.64 294.55 293.64 295.91
Final weight 406.36 415.45 378.64 380.45
Head chop dry matter intake

per day 9.74 9.18 8.56 8.54
Total gain 112.72° 120.90¢ 85.00% 84.54°
Average daily gain .85° .92° 647 .64°
Kg of head chop dry matter

per kg of gain 11.14¢ 10.01¢ 13.38f 18.28¢

*b<Values on same row with different superscript differ (P<.01).
“fValues on same row with different superscript differ (P<.10).

TABLE 4. CARCASS CHARACTERISTICS OF STEERS FED SORGHUM HEAD CHOP*®

Storage treatments

Oxygen limited Module
Item Field cut Recut Field cut Recut
Steers per treatment 16 16 16 16
Slaughter weight, kg* 852.25 860.94 804.06 798.13
Dressing percent** 60.94 61.33 59.06 58.93
Quality grade®™” 17 18 16 16
Yield grade** 2.49 2.36 1.93 1.95

*Characteristics evaluated according to USDA (1976).
*Coded: 16 = good~, 17 = good®, 18 = good*.
*Significant treatment effect (P<.10).

*Significant treatment effect (P<.05).
**Significant treatment effect (P<.01).
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TABLE 5. IN SITU DRY MATTER DISAPPEARANCE OF SOR-
GHUM HEAD CHOP SILAGE, PERCENT

In situ time, hrs.

Silage treatments 48 96 168
Recut oxygen limited (control) 30.19*  37.88*  47.05°
Field cut module silage 25.04°  33.03°  46.00°
Change from control, % -17.06 -12.80 -2.23
Recut module silage 31.24* 3398 51.35°
Change from control +3.44 -1030 +9.14

**Values in the same column with different superscripts differ (P<.05).

of in situ exposure compared to recut oxygen-limited
silage. These data suggest that intake of module-
stored silage dry matter was a more severe limiting
factor upon steer performance than estimated digest-

ibility.
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Preservation of Sorghum Plant Portions
Harvested at Ten Stages of Maturity

L. M. ScHAKE, W. C. ELLIS,
W. A. SUAREZ AND |. K. RiGGs

Summary

Two varieties of grain sorghum were cultured
and harvested at 10 intervals from 35 to 189 days post
planting. Leaf, stem, and head portions were
separated before being prepared for chemical analysis
or ensiled for 30 days in 1-liter silos. The taller variety
(FS-Ib) accumulated 60 percent more dry matter than
ORO-T with advancing plant maturity while whole-
plant crude protein content decreased from near 20 to
less than 7 percent for both varieties. Dry matter
ensiling losses (DMEL) were significantly different
for each plant portion but were lower and less vari-
able after the 77-day harvest. Immature leaves and
heads resulted in the greatest DMEL of 31 and 24
percent, respectively. DMEL of leaves was influenced
by a varietal x modulus of fineness interaction, while
the stem exhibited an interaction with plant maturity
x modulus of fineness. Modulus of fineness was not
associated with levels of organic acid production in
silages, but plant maturity significantly influenced
acetic, propionic, and butyric acid production in
heads. These data indicated that numerous combina-

tions of silage preservation techniques affected
DMEL of sorghum plant portions at different
maturities.

Introduction

Nationally, Texas ranks first in grain sorghum
production and third in sorghums harvested for si-
lage. Many variables are known to influence nutrient
and dry matter preservation in grain sorghum si-
lages, including maturity of plant at time of ensiling.
Additionally, plant particle size affects compaction,
preservation, and seepage of silages. Preservation of
sorghum silages has often been less successful than
of other crops, (2,3) which accentuates the need to
better understand possible relationships among the
common variables associated with sorghums. There-
fore, an experiment was designed to characterize the
effects of sorghum plant portions and their possible
interactions with varieties, stage of maturity, and
fineness of chop upon silage preservation.

Experimental Procedure

Two commercial hybrid sorghum varieties,
ORO-T, a tall grain sorghum and FS-lb,an inter-
mediate forage sorghum, were cultured in 68-
centimeter (cm) rows at the Texas A&M University
Farm. A population of 247,000 plants per hectare (ha)
was grown on Miller clay soil fertilized 4 months
prior to planting with 201 kilograms (kg) each of
nitrogen, phosphorus, and potassium per ha. Weeds
were controlled by both mechanical and chemical
methods. The crop was flood-irrigated twice.

The hybrids were hand harvested during the
morning at 10 intervals (Table 1) by cutting 6 cm
above the ground level before storage at 4° C. Later
that same day plants were prepared for treatments
(Table 2) by separation into leaf blade, stem (includ-
ing leaf sheath), and head upon emergence. Each
fresh plant portion was chopped to yield a coarse,
intermediate, or fine particle size by chopping one,
three, or five times, respectively. Immediately after
chopping, samples were weighed, blended, and
hand compacted in airtight glass jars of 1-liter capaci-
ty. Whole-plant sorghum was obtained only at the
intermediate chop, and no plant separation was at-
tempted for the first harvest. Duplicate samples of
300 to 700 grams (g) were ensiled for each treatment
and stored for 30 days in darkness at 20° C.

Dry matter was determined on the fresh and
ensiled materials. Particle size of each sample was
obtained from the dried ensiled sorghums by shaking
for 5 minutes over four screens of 12.7, 6.35, 4.2, and
1.19 millimeters (mm) plus pan. The particles re-
covered from each stratum were weighed with each
weight calculated as a percent of the total. Modulus
of fineness (MF) and average particle size (APS) were
calculated with published equations (1,3), respective-
ly. Volatile fatty acids were determined by gas liquid
chromatography on a filtrate obtained from the en-
siled silages. The least squares method of analysis of
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TABLE 1. HARVEST INTERVALS

Physiological maturity
of each variety

Harvest Harvest Days

sequence dates, 1975 post-planting ORO-T FS-1b
il May 21 35 6 leaf 5 leaf
2 June 4 49 Flag 7 leaf
3 June 18 63 % bloom Flag
4 July 2 77 Soft dough Y2 bloom
5 July 16 91 Hard dough Soft dough
6 July 30 105 Mature Hard dough
7 August 13 119 Fully mature Mature
8 August 27 133 Fully mature Fully mature
C September 24 161 Fully mature Fully mature

10 October 22 189 Fully mature Fully mature

TABLE 2. TREATMENTS APPLIED TO TWO SORGHUM
VARIETIES AT EACH OF 10 HARVESTS

Plant Physical processing®
portion® (chopping)

Whole Intermediate

Leaf Coarse
Intermediate
Fine

Stem Coarse
Intermediate
Fine

Head Coarse
Intermediate
Fine

2Only whole plant was ensiled at first harvest. Head portions were obtained
from 77-189 days post-planting.

Coarse, intermediate, and fine chop obtained by chopping one, three, or
five times, respectively.

variance (4) was employed to test for homogeneity of
treatment means and their first-order interactions.

Results and Discussion

Whole-plant dry matter yield per ha increased
(P<.001) for both varieties as plant maturity ad-
vanced with FS-Ib accumulating 60 percent more dry
matter than ORO-T (Figure 1). Leaf, stem, and head
contributions to total dry matter yield differed
(P<.05) with variety and stage of maturity as indi-
cated by ORO-T heads weighing more than stem and
leaf at four consecutive harvests, while FS-Ib head
weights tended to be intermediate to stem and leaf.
The stem contributed 35 and 50 percent of mean dry
matter yield for ORO-T and FS-lb, respectively. The
decline in dry matter yield of the head beyond 130
days post-planting was associated with large bird
predation and weathering of grain.

Crude protein content of whole plant, leaf, stem,
and head portions are presented in Figure 2. Crude
protein content of the leaf, stem, and whole plant
declined (P<.001) with advancing maturity for both
varieties. Whole-plant crude protein was 18 and 20
percent, respectively, for ORO-T and FS-Ib at first
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harvest but decreased to 8 and 5 percent by the tenth
harvest. The crude protein content of the head re-
mained relatively stable over the sampling intervals.

Mean dry matter ensiling losses (DMEL) were
influenced by variety, (P<.05) while stage of maturity
influenced (P<.001) leaf, head, and stem DMEL for
both varieties (Table 3). Stem and head portions of
ORO-T resulted in less (P<.05) average DMEL than
FS-1b, while the reverse was observed for the leaves.
At each harvest ORO-T was physiologically more
mature than FS-lb as indicated by accumulative
weight (Figure 1). DMEL for whole plant and each
plant portion tended to remain relatively uniform
after the 77-day harvest.

The DMEL was less for ORO-T stems (P<.01)
and heads (P<.05) than for FS-Ib while the reverse
was true for the leaf fraction of these varieties. Leaf
DMEL was also influenced (P<.05) by a varietal x
modulus of fineness interaction (Figure 3). ORO-T
leaf had the least DMEL with the intermediate chop
when FS-lb exhibited the greatest loss. DMEL of
stems was influenced (P<.05) by modulus of fineness
differently (P<.05) at various harvests (Figure 4). The
greatest DMEL of stem resulted with the intermediate
chop for the second and third harvests. Fine chop-
ping was least favorable during the next four har-
vests. Previous to the ninth harvest, heavy rains
initiated partial ratooning of plants, reducing plant
dry matter which may have further influenced these
observations.

Production of acetic, propionic, and butyric acids
during ensiling was influenced (P<.05) by plant
maturity for each plant portion (Tables 4,5 and 6). A
decline (P<.001) in the production of acetic and pro-
pionic acids with advancing harvests is apparent for
the head. Leaf and stem portions indicated the same
trend but with much less consistency. Butyric acid
production increased (P<.001) with advancing har-
vests for leaf and stem while the head portion was
not affected. Modulus of fineness influenced organic
acid production to a limited extent. Leaves produced
more (P<.05) acetic acid at the intermediate than fine
or coarse modulus of fineness, while propionic acid
production was increased (P<.01) only in the head as
modulus of fineness increased.
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TABLE 3. MEAN DRY MATTER ENSILING LOSS (DMEL) OF SORGHUMS, PERCENT

Days post-planting’ Coefﬁfcient
o

Variety 35 49 63 77 91 105 119 133 161 189 variation
lea

ORO-T 6.1 18.9 6.7 13.3 12:1 8.5 10.9 7.8 10.1

FS-1b 171 15.7 4.1 5.0 33 8.1 5.4 72 6.6

Mean 11.6 17.3 5.4 9.1 77 8.3 8.1 7.5 8.3 40.0
stem

ORO-T 23.7 10.6 5.8 6.4 6.6 7.3 8.4 17.6 10.0

FS-1b 37.5 24.1 15.1 9.6 13.3 3:2 6.0 6.8 11.8

Mean 30.6 17.3 10.4 8.0 10.0 5.3 72, 12.2 10.5 31.4
head

ORO-T 6.9 3.4 4.2 4.1 2:5 6.4 52

FS-Ib 40.9 6.7 6.4 3.8 3.8 3.8 25

Mean 23.9 5.0 5.3 3.9 3.1 Sl 3.9 48.8

whole plant 2

ORO-T 7:9 7.6 8.1 22.5 3.2 2.1 32 8.9 4.1 22.0

FS-Ib 5.0 11.9 7.5 30.7 7.4 7:3 9.3 21.3 5.3 1.5

Mean 6.5 9.8 7.8 26.6 SHS 4.7 6.2 15.1 4.7 11.8 28.2

"Maturity influenced (P<.001) dry matter loss of leaf, stem, and head.
Represents intermediate modulus of fineness.

TABLE 4. ACETIC ACID PRODUCTION OF ENSILED SORGHUM PLANT, MICRO (n) MOLES PER GRAM OF DRY MATTER

Plant portion
and modulus

Days post-planting’

of fineness 35 49 63 77 91 105 119 133 161 189 X
Leaf ?
Coarse 19.3 28.9 2241 15.6 17.5 7.1 9.8 14.9 1.1 15.0
Intermediate 27.9 23.5 20.4 34.5 29.6 10.6 11.9 32.7 3.0 21:5
Fine 22.6 26.3 215 24.8 26.7 10.8 10.7 22.6 1.8 18.6
Stem
Coarse 213 15.2 10.6 22.9 18.1 10.6 14.7 20.0 9.9 15.9
Intermediate 18.2 19.3 13.8 33.7. 25.8 8.2 14.6 18.1 16.3 18.7
Fine 30.5 21.3 20.7 22.0 27.8 16.9 20.4 24.0 10.4 21.6
Head
Coarse 12.8 5.9 44 0.6 155 3.2 0.5 4.1
Intermediate 9.7 10.1 4.6 0.9 3.2 5.0 0.5 4.8
Fine 11.1 14.7 2.7 1.0 0.7 9.1 0.5 5.7
Whole
Intermediate 227 T i 38.6 1.1 i7.4 4.6 16.0 21.2 12.4 15.4

!Plant maturity influenced (P<.001) acetic acid levels for leaf, stem, and head.
*Modulus of fineness influenced (P<.05) acetic acid level of the leaf.

T = (traces).
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TABLE 5. PROPIONIC ACID PRODUCTION OF ENSILED SORGHUM PLANT, (n) MOLES PER GRAM OF DRY MATTER

Plant portion D. el
and modulus bl D it =
of fineness 35 49 63 77 91 105 bk 133 161 189 X
Leaf
Coarse 24.2 28.0 30.0 29.0 15.5 12.4 14,0 40.2 9.9 22.9
Intermediate 27.2 155 29.0 38.8 21:3 15.3 15.4 30.6 1153 22.7
Fine 16.2 30.0 24.8 29.5 17.5 15.9 16.9 32.6 11.4 21.6
Stem
Coarse 317 61.0 45.9 28:8 34.0 224 17.6 41.0 24.1 33.6
Intermediate 57.8 53.7 44.5 41.1 22 1 20.9 18.8 25.8 26.5 35.6
Fine 20.6 44.5 40.6 391 21.6 33.1 22:8 39.1 24.0 31.7
Head?
Coarse 23.7 12.8 8.4 4.0 3.9 8.1 6.4 9.6
Intermediate 39.8 4351 10.4 4.3 4.5 10.0 6.9 12.7
Fine 39.5 18.7 7.0 6.1 5.0 10.9 6.7 13.4
Whole
Intermediate 2K 0.1 12 1t 1.5 T 0.1 1.9 1.4 T 0.6
'Plant maturity influence leaf, head (P<.001), and stem (P<.05) production of propionic acid.
*Modulus of fineness influenced (P<.01) propionic acid production of head.
T = (traces).
TABLE 6. BUTYRIC ACID PRODUCTION OF ENSILED SORGHUM PLANT, (1) MOLES PER GRAM OF DRY MATTER
Plant portion D tolantne.
and modulus ool ol —
of fineness 35 49 63 77 g1 105 119 133 161 189 X
Leaf !
Coarse 0.4 5.7 14.1 5.6 1.6 1.9 3:2 9.6 3.4 o1
Intermediate T 10.5 87 20.9 5.0 Zi1 6.9 10.9 4.4 Tt
Fine il Th2 1.4 13:2 2.3 4.0 b9 22.9 4.4 6.8
Stem'
Coarse T i 0.5 3.7 0.2 1.4 3.8 Cril 18.1 4.1
Intermediate iF i T 0.9 T 4.9 4.4 10.6 ol 3:3
Fine T I 0.5 219 ik 6.1 5.4 4.6 21.1 6.6
Head
Coarse 0.7 0.1 T 1t 0.1 i ik 0.1
Intermediate 0.4 0.2 T 1f AL T i 0.1
Fine 0.2 T 0.1 E T T il 0.0
Whole
Intermediate T i T 0.5 0.6 ik 1.6 T T T 0.3

'Plant maturity influenced (P<.001) butyric acid production in the leaf and stem.

T = (traces).
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Reproduction and Breeding

Low reproductive rates in cattle present a challenge to
producers and researchers alike. The need to approach this
challenge on an interdisciplinary basis has been recognized
and is reflected in the following reports from several Texas
Agricultural Experiment Station Research Centers. Data
on fundamental concepts and their application under ranch
conditions are reported for both cows and bulls to assist in
elevating the ceiling on reproductive rate in beef cattle.

PR-3780

Using Short-Term Calf Removal
and Flushing to Improve Pregnancy Rate

K. J. NiX, SPENCER ROBERTS,
AND J. N. WILTBANK

Summary

Cows from two ranches were used to determine
the effect of calf removal and flushing on pregnancy
rate. Cows suckling their first calf showed a marked
improvement over controls in pregnancy rate after 21
days of breeding (28 to 57 percent), when cows were
flushed and calves removed for 48 hours. However,
flushing or calf removal alone showed no benefit. At
the second ranch, response obtained from flushing
and calf removal was shown to depend on calving
time and body condition of the cow. However, in thin
cows no improvement was noted.

Introduction

Most beef cows in South Texas which do not
become pregnant have not shown heat. Methods for
increasing the number of cows showing heat should
improve calf crop. Methods of reducing or removing
the suckling stimulus have been shown to effectively
increase the number of cows showing heat. Howev-
er, cows in thin body condition may not respond to
reduced suckling or short-term calf removal, and
early weaning of the calf may be necessary to effec-
tively increase the number of cows in heat. Another
alternative may be to feed a high energy ration (flush-
ing) for a short period of time prior to calf removal.
Two South Texas ranchers in cooperation with the
Beevile Experiment Station conducted several flush-
ing and calf removal trials to determine if these
methods were beneficial.

Experimental Procedure

Cows on two ranches were used in these studies.
In one study, 81 crossbred Brahman type cows suck-
ling their first calf at Howell’s in Premont, Texas were
used. Cows were thin (body condition score 3 or 4)
and were divided into four groups: control, flushed

(FL), calf removal (CR) and flushed plus calf removal
(FL + CR). All cows grazed on Coastal pasture and
were supplied limited amounts of hay. Cows calved
in Februrary and March, and were bred April 26
through June 27. Cows in the control group received
only pasture and hay. Cows in the flushed group
recieved 10 pounds of concentrate ration containing
10 percent protein for 2 weeks prior to breeding and
for the first 3 weeks of breeding season plus grass or
hay. Calves in calf removal group were removed for
48 hours just prior to breeding. Cows in FL + CR
group received flushing treatment of FL group and
calves were removed as in CR group.

The second ranch (Tom O’Connor, Victoria, Tex-
as) used 105 Hereford cows the first year. Cows were
either thin (body condition score 2 to 4) or moderate
(body condition score 5 or 6). Cows were on native
pasture and during months of December and January
received limited amounts of hay. Cows began calving
in November and were bred starting the first week of
February. All cows received 10 pounds of corn and
cob meal the first week of January until the end of
February. Calves were removed from early calving
cows (those calving prior to the first week in January)
for 48 hours just prior to the start of the breeding
season. Late calving cows (cows calving after the first
week of January) were fed from March 23 to April 26,
and calves were removed for 48 hours starting April
B,

In the second year at O’Connor’s, 61 Hereford
cows calving from the first of November until the first
week of January were used in a study to determine
the value of calf removal and flushing on pregnancy
rate. Most cows were thin and scored 3 or less. They
were again fed 10 pounds of corn and cob meal from
the first week of January until the end of February.
Cows were bred for 90 days beginning the first week
of February.

Results and Discussion

At the Howell ranch, pregnancy was increased
rather markedly in the flushing and calf removal
group over that noted in the controls. There was a 29-
percent increase in pregnancy after 21 days of breed-
ing, a 16-percent increase after 42 days of breeding
and a 14-percent increase after 63 days of breeding.
Pregnancy rates were either lower or similar in both
the flushed group and calf removal group to that
noted in the controls.

TABLE 1. FLUSHING AND CALF REMOVAL AT HOWELL'S

Control FL CR FL+CR
Number cows 18 21 21 21
Pregnant (%)
21 days 28 14 38 57
42 days 56 52 62 72
63 days 72 76 62 86
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Data from the O’Connor ranch points out two
things. Flushing and calf removal was not very effec-
tive in late calving cows: only 65 percent were preg-
nant after 84 days of breeding (Table 2). Even in early
calving cows only 54 percent were pregnant after 21
days of breeding. However, 80 percent of the early
calving cows in moderate condition that were flushed
and had calves removed were pregnant after 21 days
of breeding (Table 3). Most of these cows (87 percent)
were pregnant after 42 days of breeding. These pre-
gnancy rates were comparable to the 72 percent and
85 percent noted in dry cows (Table 4). It would
appear high pregnancy rates early in the breeding
season can be achieved in cows suckling calves. The
criteria used to achieve this should be tested on a
larger number of cows.

Pregnancy rate the second year at O’Connor’s
was increased in cows that were flushed and had
calves removed for 48 hours from 17 percent after 21
days of breeding to 28 percent after 63 days of breed-
ing (Table 5). Pregnancy rate after 90 days of breeding
was 95 percent. However, pregnancy rate early in the
breeding season was only 31 percent. These cows
were thin at calving which may explain why pregnan-
cy rate early in the breeding season was so low. Thus
calf removal and flushing is not a cure-all but it
appears to work well when cows have calves 30 days
prior to breeding and are in moderate body condi-
tion.

TABLE 2. EARLY CALVING AT O’CONNOR'’s

Percent pregnant (days after breeding)

Calving No. 21 42 63 84
cows

Early 50 54 74 78 88

Late 55 18 38 56 65

TABLE 3. BODY CONDITION OF EARLY CALVING COWS AT
O’CONNOR's

Percent pregnant (days after breeding)

Early No. 21 42 63 84
calving cows

Thin 35 43 68 74 86
Moderate 15 80 87 87 93

TABLE 4. MODERATE CONDITION VERSUS DRY COWS AT
O’CONNOR’s

Percent pregnant (days after breeding)

Early No. 21 42 63 84
calving cows

Moderate 15 80 87 87 93
Dry cows 34 72 85 85 90
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TABLE 5. PREGNANCY IN COWS AT O’CONNOR’S IN 1980

Flushed and
48-hour

calf removal Control Difference

No. cows 32 29
Pregnant after
breeding (%)

21 days 3l 14 17

42 days 50 31 19

63 days 66 38 28

90 days 95 75 P2

PR-3781

Endogenous Luteinizing Hormone (LH)
and Prolactin (PRL) Release

After Calf Removal

in the Postpartum Cow

M. S. Amoss, K. J. NIx,
P. G. HARMS, AND J. N. WILTBANK

Summary

While removal of the suckling stimulus for 48
hours will induce heat in cows in good condition,
little is known about the hormone pattern that causes
a cow to start to cycle following calf removal. This
experiment was designed to determine the changes
in hormones that cause the increase in reproductive
activity. This could provide a basis for future
methods of inducing heat in cows after calving. Blood
samples were taken from five crossbred cows in good
condition, 30 days after calving. Samples were taken
every 15 minutes for 3 hours immediately after calf
removal, and for 3-hour periods beginning at 12, 24,
36, 48, 72, 96 hours after calf removal. Calves were
returned to their dams 99 hours after removal. Cows
were again bled every 15 minutes for 3 hours im-
mediately after the return of the calf and 24 hours
after calf return. Levels of luteinizing hormone (LH),
prolactin (PRL), estrogen, progesterone, and cortisol
in the blood were determined. Two general hormone
patterns were seen: (a) LH levels remained at basal
levels when prolactin and cortisol levels were high
and (b) LH levels increased to surge levels 24-48
hours post calf removal when prolactin and cortisol
levels were low.

Introduction

Removal of a calf for 48 hours has proven effec-
tive in shortening the interval to first heat after calv-
ing. However; the changes in hormones that occur
following calf removal are not completely under-
stood. Prolactin (PRL) is released from the pituitary
when the calf suckles and has been reported to affect
the levels of the ovarian-stimulating hormone LH.
Also high cortisol levels have been reported to de-
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crease levels of LH and increase prolactin. The in-
teraction between suckling and cortisol on the levels
of pituitary and ovarian hormones were studied in
this experiment.

Experimental Procedure

Indwelling cannulas were placed in the jugular
veins of five crossbred Brahman cows 30 days after
calving. Calves were removed, and blood samples
were taken every 15 minutes for seven different 3-
hour periods (0-3, 12-15, 24-27, 36-39, 48-51, 72-75,
and 96-99 hours post calf removal). Calves were re-
turned after 99 hours, and blood samples were again
taken every 15 minutes for two 3-hour periods (1-4
and 24-27 after calf return).

Blood samples were immediately placed at 4° C
and allowed to clot for 12-24 hours. Samples were
centrifuged for 30 minutes at 2,000 revolutions per
minute (rpm). Serum was removed and frozen at
—10° C. Samples were analyzed by radioimmunoas-
say techniques for serum hormone levels of prolactin,
LH, estradiol, progesterone, and cortisol.

Results and Discussion

Two general hormone release patterns were seen
following calf removal: (a) LH levels remained at
basal levels when prolactin and cortisol levels were
high (Figures 1 and 2) and (b) LH levels increased at
24-48 hours post calf removal when prolactin and
cortisol levels were low (Figures 3 and 4).

Estrogen levels were low throughout the entire
period in all animals. Some elevated progesterone
levels of each general hormone pattern group were
seen in"one animal.

These data indicate that during a period of calf
removal, LH activity will increase within 48 hours
when cortisol and prolactin levels remain low. When
cortisol and/or prolactin levels increase, LH activity
will remain low. This may indicate that not all cows
will respond to calf removal because elevated cortisol
and prolactin levels interfere with release of LH. Data
also indicate that when LH activity occured, it return-
ed to baseline levels after 60 hours of calf removal and
remained there during the rest of the 99-hour period
of the study.

PR-3782

Cow Condition and Pregnancy

j. N. WILTBANK, N. PARISH,
AND L. R. SPrROTT

Summary

Pregnancy rate was 63 and 26 percent lower in
cows in poor and moderate body conditions, respec-
tively, than in cows in good condition. The main
reason for this difference appears to be the delay in
onset of heat following calving in thin cows.

Introduction

Nutrition has two effects on rebreeding in cows:
(a) many cows which are thin at calving time do not
show heat after calving, and (b) cows losing weight
during breeding have a low pregnancy rate.

Experimental Procedure

One hundred and eighty-seven Santa Gertrudis
first calf heifers were used in the first study. Cows
calved from December 20 to January 9 and assigned a
condition score shortly before calving. Following
calving, cows were on poor native range and received
5 to 10 pounds of ground sorghum per day. Bulls
were turned with the cows from March 13 to May 13.
Pregnancy diagnoses were performed when bulls
were removed and approximately 40 days after bulls
were removed.

The second group of cows, were crossbreds at
the Texas Agricultural Experiment Station at Beeville,
calved over a 3-month period from January through
March. These were given a condition score shortly
before calving and placed on full feed of hay or good
pasture following calving. Cows were checked for
estrus twice daily.

Results and Discussion

Only 24 percent of cows in thin condition became
pregnant during the 60-day breeding season com-
pared to 87 percent of cows in good condition (Table
1). The importance of body condition can perhaps
best be seen by noting that more cows in good body
condition were pregnant after 20 days of breeding
than in thin cows after 60 days of breeding (24 per-
cent vs 65 percent).

TABLE 1. COW CONDITION AND PREGNANCY

Condition score at calving

Thin Moderate Good

Number of cows 25 139 23

Cows calving first 20 days
(Dec. 20 to Jan. 9)

Pregnant after breeding (%)
20 days (Mar. 13 to Apr. 2) 4 27 65
60 days (Mar. 13 to May 13) 24 61 87

The main reason thin cows did not become preg-
nant was the lack of estrus. Of cows in the second
study, 78 percent of those in moderate body condi-
tion showed estrus by 60 days after calving, in con-
trast to 43 percent in cows in thin body condition.
These results are similar to others and indicate that
thin cows must gain considerable weight and body
condition before they will exhibit estrus (Table 2).

Pregnancy rate is lowered in cows which are thin
at calving because many do not show estrus. Cows
should calve in moderate condition to allow rapid
return to estrus.
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TABLE 2. COW CONDITION AND HEAT

Proportion of cows showing estrus
after calving by

Cow condition ~ Number

at calving cows 30 days 45 days 60 days

Moderate 38 10 95 78

Thin 37 5 24 43
PR-3783

Effect of Age at First Calving

And Once Daily Suckling

Upon Days Open And Calving Interval
in First Calf Brahman X Hereford Heifers

R. D. RANDEL

Summary

Brahman x Hereford heifers calving first at 3
years of age returned to estrus an average of 78 days
earlier than heifers calving at 2 years of age. Three-
year old heifers had a 79-day shorter predicted calv-
ing interval than did 2-year-old first calf heifers. By
use of the once daily suckling management system,
days from calving to pregnancy were shortened by 25
days in 3-year-old heifers and 81 days in 2-year-old
heifers. Once daily suckled 3-year-old heifers had the
shortest predicted calving interval (348 days) fol-
lowed by once daily suckled 2-year-old heifers (369
days), normally suckled 3-year-old heifers (371 days)
and normally suckled 2-year-old heifers (450 days).
Acceptable average calving intervals may be obtained
by breeding heifers to calve first as 3-year-olds or by
using the once daily suckling technique on heifers
bred to calve as 2-year-olds.

Experimental Procedure

Twenty-seven Brahman x Hereford F-1 heifers
calving first at 3 years of age and 35 Brahman x
Hereford F-1 heifers calving first at 2 years of age
were assigned to either a normal or once daily suck-

ling management system. Fourteen 3-year-old and 17
2-year-old heifers were placed in the once daily suckl-
ing system and 13 3-year-old and 18 2-year-old heifers
in the normal suckling system. The once daily suckl-
ing treatment began at 21 days after calving and
ended when the heifers reached estrus. After reach-
ing estrus the calves were allowed to suckle normally
until all calves were weaned at 205 days of age.
During the once daily suckling period the two groups
were maintained in separate pastures which were
rotated at 3-week intervals to remove pasture effects
upon cow-calf performance. Fertile bulls equipped
with chin ball markers were maintained with the
heifers from 21 days postcalving until all heifers were
pregnant. Bulls were rotated between groups at 3-
week intervals. Heifers and calves were weighed at
21 and 205 days after calving.

Results and Discussion

Three-year-old heifers were open for the shortest
period of time (P<.005) with normal suckled heifers
getting pregnant in 81.5+7.5 days as compared to 2-
year-old normal-suckled heifers getting pregnant in
159.6 +17.8 days. Once daily suckling shortened the
interval from calving to pregnancy in both age groups
(P<.005) with 3-year-olds getting pregnant in
56.3+5.3 days and 2-year-olds in 78.7+8.8 days.
Predicted calving intervals followed the same pattern
with 3-year-old once daily heifers calving in
347.5+5.0 days, 2-year-old once daily heifers in
368.8+8.8 days, 3-year-old normal heifers in
370.9+7.5 days and 2-year-old normal heifers in
449.6+17.8 days between first and second calvings
(Table 1).

Three-year-old heifers weaned the heaviest
calves (P<.005) and normally suckled calves weaned
at heavier weights than did once daily suckled calves
(P<.005). The loss in calf weight at weaning due to
once daily suckling was 53.5 pounds for 3-year-olds
and 42.3 pounds for 2-year-olds (Table 1). In a previ-
ous study it was found that once daily suckling
beginning at 30 days of age did not affect weaning
weights. The recommendation that calves be 30 days
old when beginning the once daily suckling system is
based on this data. The weight loss at weaning of the

TABLE 1. EFFECT OF AGE AND SUCKLING ON COW-CALF PERFORMANCE

Suckling Treatment

Normal Once Daily
Age Age
3 2 3 2
(Average=*Standard Error)
Days open 81.5:£07.5 159.6+17.8 56:3= 5.3 78.7+ 8.8
Calving interval (Days) 3709+ 7.5 449.6+17.8 347.5+ 5.0 368.8+ 8.8
21-day cow weight (lbs) 938.8+27.2 743.4+19.0 926.8+24.0 763.2+21.1
205-day cow weight (Ibs) 977.3%+32.5 775.8+20.6 952.9+28.1 843.2+17.4
21-day calf weight (Ibs) 132.5% 5.0 113.3+ 3.3 122.6% 4.7 117.5% 3.1
205-day calf weight (Ibs) 489.2+11.2 431.4* 8.6 435.7+16.7 389.1+13.5
Gain/cow-calf unit (Ibs) 395.2+28.9 350.2+21.8 341.4+35.9 351.8+23.4
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first calf will be made up by increased age at weaning
and increased weight at weaning of the second calf if
weaning of the calves is on a single date rather than
by age of calf. When total gains of the heifer and calf
are taken together, no statistically significant differ-
ences were found. The weight gains of the once daily
suckled heifers compensated for the lowered wean-
ing weights by the once daily suckled calves.The loss
of weaning weight is also more than compensated for
by the decreased interval between first and second
calves.

PR-3784

Effect of Monensin

on Luteinizing Hormone Response
of Prepuberal Heifers Administered
a Multiple Gonadotropin-Releasing
Hormone Challenge

R. D. RANDEL AND R. C. RHODES III

Summary

Ten prepuberal Simmental x Brahman-Hereford
heifers weighing 208 + 4 kilograms (kg) were ran-
domly assigned to receive either 2.7 kg per head per
day of ground milo containing 0 milligrams (mg)
monensin sodium (C) or 2.7 kg per head per day of
ground milo containing 200 mg monensin sodium
(M). Both groups of five animals received Coastal
bermudagrass hay ad libitum throughout the trial. On
day 21 of the feeding period, all heifers were fitted
with jugular cannulae. Immediately after cannula-
tion, the heifers were injected intramuscularly with
100 micrograms (u.g) of gonadotropin-releasing hor-
mone (GnRH) and blood was collected every 10 min-
utes for 4 hours. Four hours after the first GnRH
challenge, a second 100 pg GnRH injection was ad-
ministered and blood samples were collected at 10-
minute intervals for an additional 5 hours. Serum was
stored at —20° C until radioimmunoassay for luteiniz-
ing hormone (LH). The LH released after each GnRH
injection was greater in the heifers fed M than in the
control (P<.05). Peak LH after the first GnRH chal-
lenge was greater (P<.05) in heifers fed M than in
controls. The area under the first GnRH-induced LH
curve had a tendency (P<.20) to be greater for the M
group than for the controls. The peak LH concentra-
tion was greater in heifers fed M than in control
heifers as was the duration (P<.05) and area under
the second GnRH-induced LH curve. In prepuberal
heifers, dietary monensin appears to increase hy-
pophyseal capability of releasing LH after a first and
second GnRH challenge.

Experimental Procedure

Ten prepuberal Simmental x Brahman-Hereford
heifers were randomly allotted, within similar body
weights and similar body condition scores, to one of

two dietary treatment regimens within a completely
randomized experimental design. Five animals were
assigned to be fed 2.7 kg per head per day of ground
milo containing 0 mg of monensin (C), and the five
others to receive 2.7 kg per head per day of ground
milo containing 200 mg of monensin. All animals
received Coastal bermudagrass hay ad libitum
throughout the trial. A 7-day adjustment period be-
fore the beginning of the trial was used to insure total
consumption of the assigned ration. The trial consist-
ed of feeding all heifers the concentrate (with or
without monensin) plus hay for 20 days. On day 21,
all animals were fitted with an indwelling silastic
cannula. All animals were given intramuscular injec-
tions of 100 pg GnRH at time zero and again at time
240 minutes. Blood was collected at time zero and at
10-minute intervals for 9 hours.

Serum was harvested and stored at —20° C until
analyzed for LH by a modification of the double
antibody radioimmunoassay. Antibovine LH serum,
B-225, was used as the first antibody. A 1:100,000
dilution of the antibody, which bound 35 percent of
the !l bovine LH, was utilized with nonspecific
binding less than 4 percent. Immunochemical LH
was used for radioiodination and the antibody hor-
mone complex was precipitated with ovine-antirabbit
gamma globulin. Bovine LH (NIH-LH-B9) was used
as the reference standard, and results were expressed
in terms of this preparation.

Responses to injection of GnRH were assessed
by (1) GnRH-induced peak LH concentrations, (2)
time interval relationships between GnRH injection
and LH response, (3) duration of GnRH-induced LH
surges and (4) area under the GnRH-induced LH
curves. The area under the LH curve was calculated
by integration of the LH concentration over time by a
method described by Stein (5). An LH surge was
defined as a sustained increase in serum LH at least
two standard deviations above LH concentrations
before GnRH injections. The duration of the LH
surge was determined as the time interval from the
initiation of the GnRH-induced LH surge until LH
concentration returned to within one standard devia-
tion of the LH concentration before the surge.

Each individual LH measurement parameter was
analysed using 2 x 2 factorial analysis of variance to
determine any significant effects of treatments (4).

Results and Discussion

Administration of gonadotropin-releasing hor-
mone (GnRH) to either heifers or bulls has been
shown to consistently elicit an acute LH surge (6).
Similarly, in the present study, GnRH induced an LH
surge after both a first and a second GnRH challenge
in prepuberal heifers fed either 0 or 200 mg monensin
(Figures 1 and 2). However, there were differences in
the characteristics of the GnRH-induced LH surges
between the two experimental dietary regimens. Sig-
nificant differences (P<.05) in LH concentrations
were observed for the following main effects: treat-
ment (monensin vs control), GnRH challenge number
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Figure 1. Effect of dietary monensin on the first GnRH-induced LH
surge in prepuberal heifers.

(first vs second), and time of bleeding. No interac-
tions between the main effect factors were found.
LH concentrations before the first . GnRH-
induced LH surge did not differ between the two
treatment groups (Table 1). After the first GnRH
challenge, both treatment groups exhibited LH
surges, as indicated by the increase in serum LH
within 10 minutes of the injection (Figures 1 and 2).
This rapid increase in GnRH is consistent with the
observation of Fernandes et al. (1) who noted an
increase in serum LH within 5 minutes of GnRH
injection. The time to peak LH concentration did not
differ between the two dietary treatment groups after
either the first or second GnRH challenge (Table 2).
The control group had a shorter time to peak LH
concentration after the second GnRH challenge com-
pared to the first GnRH challenge (P<.05), yet the
monensin group did not (P>.10) (Table 2). The time
intervals from GnRH injection to the peak LH con-

centrations were smilar to those observed by Kesler et

al. (3) and shorter than the time to peak values

reported by Fernandes et al. (1). Prior to the second

GnRH challenge, serum LH concentrations decreased
to preinjection values (Table 1).

TABLE 1. EFFECT OF DIETARY MONENSIN ON PRE-LH SURGE
CONCENTRATIONS

LH (ng/ml)
Monensin Control
Time Mean  SE® Mean SE
Sample prior to first
LH surge (0 min) 178 .3 1.6° 3
Sample prior to second
LH surge (240 min) 217 4 1.9° 2
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Figure 2. Effect of dietary monensin on the second GnRH-induced
LH surge in prepuberal heifers.

Peak LH concentrations differed (P<.05) be-
tween the monensin and control-fed heifers follow-
ing the first GnRH challenge (Table 3). The monen-
sin-fed heifers responded with a greater peak LH
concentration than the control-fed heifers. By 240
minutes after the first GnRH injection, serum LH in
both treatment groups had returned to preinjection
values (Table 1). Following the second GnRH chal-
lenge, the peak LH height was lower (P<.05) when
comparing peak LH concentrations with the first
GnRH challenge (Table 3). In the second GnRH-
induced LH surges, the monensin-fed heifers had a
greater (P<.05) peak LH concentration than did the
control heifers. These peak values are somewhat low-

TABLE 2. EFFECT OF DIETARY MONENSIN ON TIME TO PEAK
LH VALUE FOLLOWING TWO GnRH CHALLENGES

Time (min)

Monensin Control

Number of GnRH challenge = Mean  SE? Mean SE

First 36 < | 40° 30
Second 30°< 5.5 24P 6.8

SE = standard error of the mean.
“Means followed by different superscripts differ (P<.05).

TABLE 3. EFFECT OF DIETARY MONENSIN ON PEAK LH
CONCENTRATIONS FOLLOWING TWO GnRH CHALLENGES

Serum LH (ng/ml)

Monensin Control

Number of GnRH challenge = Mean  SE? Mean  SE

First 11.6° 957 il e
Second 8P 05 444 1.3

*SE = standard error of the mean.
PMeans followed by different superscripts differ (P<.05).
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er than values reported in the literature for surges
following single 100-wg GnRH challenges with sever-
al different animal models (1,3,2). The disparity be-
tween LH concentrations following the first and sec-
ond GnRH stimulation may be due to possible hy-
pophyseal depletion of LH during the second GnRH
challenge and (or) a refractory hyposensitivity to
GnRH during the second GnRH challenge.

The duration of the first GnRH-induced LH
surges did not vary between the monensin-fed and
control-fed heifers (Table 4). However, there was a

TABLE 4. EFFECT OF DIETARY MONENSIN ON DURATION OF
LH SURGES FOLLOWING TWO GnRH CHALLENGES

Time (min)

Control

Number of GnRH challenge Mean SE® Mean SE

Monensin

First 196°  14.4 176° 72D
Second 178>  20.6 104°  26.6

*SE = standard error of the mean.
>“Means followed by different superscripts differ (P<.05).

difference (P<.05) between the duration of the first
GnRH-induced LH surge in monensin-fed heifers
and the duration of the second GnRH-induced LH
surge in control-fed heifers. A possible explanation
for differences in duration between the first and
second GnRH challenges may be the depletion of
pituitary LH available for secretion into systemic cir-
culation during the second GnRH challenge. Dura-
tion of the first and second LH surges in the monen-
sin-fed heifers and the first LH surge in the control
heifers were similar to those reported by Kesler et al.
(3) and Jordan and Swanson (2). However, the dura-
tion of the second GnRH-induced LH surge in the
control-fed heifers was somewhat shorter than the
durations observed in the two studies cited.

The areas under the LH curve are presented in
Table 5. The monensin-fed heifers had a greater area
(P<.05) under the curve after the first GnRH injection
when compared to the control-fed heifers after the
second GnRH injection. There was a nonsignificant
decrease in the area between the first and second
GnRH challenges in both treatment groups.

TABLE 5. EFFECT OF DIETARY MONENSIN ON AREA UNDER
LH CURVES FOLLOWING TWO GnRH CHALLENGES

Area (units)

Monensin Control

Number of GnRH challenge = Mean  SE° Mean  SE

First 695.6°  110.1 407.8°¢ 105.4
Second 610.8>¢ 221.0 277.1¢ 88.9

*SE = standard error of the mean.
>Means followed by different superscripts differ (P<.05).

In summary, dietary monensin fed at a level of
200 mg per head per day, increased pituitary capabili-
ty of prepuberal heifers to secrete LH upon multiple
GnRH challenges. The present study further contri-
butes to recent data indicating that feeding dietary
monensin can enhance the reproductive function of
the prepuberal heifers.
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Effect of Monensin

Upon Ovarian Response

Following Gonadotropin Treatment
in Prepuberal Heifers

R. D. RANDEL, S. L. BUSHMICH,
M. M. McCARTOR AND L. H. CARROL

Summary

Twenty prepuberal Charolais x Brahman-
Hereford heifers were randomly assigned to be fed a
concentrate containing either 0 milligrams (mg) (C) or
200 mg (M) monensin sodium per head per day.
Coastal bermudagrass hay was fed ad libitum. Aver-
age daily gain was similar for the two groups. Each
heifer received 1 mg of porcine follicle stimulating
hormone (FSH-P) at 0800 and 2000 hours on days 22
through 26 (10 mg total) and 2,500 IU human chorion-
ic gonadotropin (HGC) on day 27. Flank laparotomy
for ovarian examination was performed on day 30,
and ovariectomy was performed on day 37. The aver-
age ovarian size * standard error at day 15 was 3,730
+ 66 cubic millimeters (mms) and 1,848 + 55 mm? for
M and C groups, respectively (P<.025), as measured
by rectal palpation. Number of ovulation sites mea-
sured at day 30 were 9.1 = 2.2 and 4.9 + 1.8
ovulation sites per heifer for M and C groups, respec-
tively (P<.01). After ovariectomy on day 37, M-fed
heifers were found to have greater ovarian weight
(P<.05), more corpora lutea (CL) (P<.05), greater
total luteal weight (P<.05), more follicles (P<.01) and
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greater weight of follicular fluid (P<.05) and stroma
(P<.025) than C-fed heifers. Corpora lutea were ana-
lyzed for progesterone content by spectrophotomet-
ric procedures. The monensin-fed heifers had slightly
larger CL (P<.10) containing a similar concentration
of progesterone compared to C heifers. This resulted
in more luteal progesterone per CL and more luteal
progesterone per heifer in the M heifers than in the
controls. Prepuberal heifers fed monensin, which
caused the expected shifts in rumen fermentation and
volatile fatty acid production, exhibited an enhanced
ovarian response to gonadotropins compared to con-
trols.

Experimental Procedure

Twenty prepuberal Charolais x Brahman-
Hereford heifers (age 12 to 13 months, mean weight
240 +7 kilograms (kg) were randomly assigned to
two groups of 10 heifers each. The control group was
fed a pelleted concentrate containing 0 mg monensin
(C); the other group was fed a similar concentrate
containing 200 mg monensin sodium per head per
day (M). Both groups were fed approximately equal
amounts of the pelleted concentrate ration; Coastal
bermudagrass hay was fed ad libitum (Table 1)..Ru-
men fluid samples were taken via stomach tube on
days 0 and 14 of the experiment (day 1 is onset of
feeding regimen).

All heifers were palpated rectally on day 15 to
determine ovarian size and determine that corpora
lutea were not present. Each heifer received 1 mg
FSH-P IM at 0800 and 2000 hours on days 22 to 26 (10
mg total) and 2,500 [U HCG IM at 0800 hours on day
27. Flank laparotomy was performed on each heifer
on day 30 to expose the ovaries. Ovarian volume was
measured; ovulation sites and follicles were counted.
Bilateral ovariectomies were performed on day 37.
Immediately after excision, each ovary was cleared of
excess blood and tissue, weighed and photographed.
All visible follicles were counted, ruptured and

TABLE 1. FEED CONTENT AND CONSUMPTION

Mean daily consump-
tion/head (kg)

Internat’l
Ingredient Ref. No. Control Monensin
Coastal bermuda- 1-00-716 2.93 2.54
grass hay
Pelleted conc. 3.36 327
Conc. composition
Sorghum milo 4-04-44 2.69 2.62
CSM 5-01-621 47 .46
NaCL -- .03 .03
Ca,PO, 6-01-080 .03 .03
CaCO, 6-01-069 .01 .01
Molasses 4-00-668 .08 .08
Binders Masonex .08 .08
Bentonite .04 .04
Monensin 0 200 mg
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drained of fluid,and the ovary was reweighed. (The
difference between ovarian weight prior to and ovar-
ian weight after follicular rupture is referred to as
“weight of follicular fluid.”) Corpora lutea were then
dissected from the ovary. All CL from a given ovary
were weighed together (“total CL weight”) and sepa-
rately, after which each CL was labeled and frozen in
a plastic vial. Residual ovarian tissue was weighed
and termed ““stroma.”” Corpora lutea were individual-
ly analyzed for progesterone (P) content spec-
trophotometrically. Statistical analysis between
groups was performed by Students T-test or analysis
of variance (5).

Results and Discussion

Both groups of heifers consumed similar
amounts of concentrate. More roughage was con-
sumed by C heifers than by M heifers, a response
previously demonstrated by Raun et al. (3) (Table 1).
Rate of gain was not different (P>.10) between
groups (Table 2).

After 15 days of experimental feeding, ruminal
fluid from the M heifers contained more (P<.05)
propionate compared to that from the C heifers
(Table 2). Similar results have been reported by Raun
et al. (3). Ovaries of M heifers were twice as large as
those of C heifers at this time (3,730 + 66 vs 1,848 +
55 mm®, respectively). This difference suggests a pro-
pionate-triggered ovarian response to endogenous
hormones in prepuberal heifers.

Heifers fed M averaged nearly twice as many
ovulation sites in response to gonadotropin treatment
as C heifers, as measured at day 30 laparotomy (9.1 =
2.2 vs 4.9 + 1.8, respectively). More definitive mea-
surements of ovarian response were obtained at day
37 ovariectomy. All ovarian variables measured, in-
cluding ovarian weight, number of follicles, weight of
follicular fluid, number of CL, weight of CL, and
weight of stroma, were significantly greater (P<.05)
in M heifers than in C heifers. These data are detailed
in Table 3. Ovarian sensitivity to the doses of FSH
and HCG (7) was amplified in all aspects of ovarian
development in the group which was fed monensin
sodium and which demonstrated the subsequent in-

* crease in ruminal C;. Progesterone concentration (P)

in corpora lutea (microgram per gram (ug/g) tissue)

TABLE 2. EFFECT OF FEEDING GROUP ON FEEDLOT GAIN
AND EFFICIENCY

Feeding groups

Mean parameter Control + SE* Monensin + SE
Initial weight, kg 239.7+6.8 239.7%6.9
Day 21 weight, kg 255.7+9.3 257.0%7.0
Gain, kg 16.7+3.9 17:33.6
ADG, kg .67+ .08 .69+ .07
Daily feed intake/

head, kg 6.29% .77 5.82+ .67
Feed/gain, kg 9.39 8.43
GC,/C,, day 15 4.20 2.63

“Standard error of the mean.



did not ditfer (P>.10) between the M and C groups
(Table 4). However, as M heifers had more CL of a
slightly larger size, the mean luteal P per heifer and
the mean P per CL were greater in the M than in the
C group. These data suggest both an enhancement in
development of immature follicles and a subsequent
increase in luteal development of M-group ovaries
compared to those of controls.

The mean number of ovulation sites reported at
day 30 laparotomy was greater than the mean num-
ber of corpora lutea dissected from the same ovaries 7
days later (Table 3). This discrepancy may have been
the result of inaccurate initial counts, failure of some
ovulation sites to develop into normal CL or merging
of adjacent corpora lutea.

The enhanced ovarian sensitivity of heifers fed M
and with increased ruminal propionate supports the
work of Moseley et al. (2), Rhodes et al. (4), McCartor
et al. (1) and Turner et al. (6), all of whom showed
differences in reproductive performance related to
monensin or concentrate-induced rumen fermenta-
tion changes.

Although the mode of action is still elusive, this
study demonstrates a definite, fast acting, positive
relationship between increased ruminal propionate
and ovarian response to endogenous and exogenous
gonadotropins.

TABLE 3. MEAN OVARIAN VARIABLES OF CONTROL- AND
MONENSIN-FED HEIFERS FOLLOWING GONADOTROPIN
TREATMENT AS MEASURED AT DAY 37 OVARIECTOMY

Feeding group

Ovarian variable Control = SE? Monensin + SE
Ovarian weight (g) 19.4+4.5% 48.3+114
Number CL B.8% 6% Z. 017
Total CL weight (g) 10.6+2.5* 26.7+ 6.8
Number follicles 310 3% H2x =ih
Weight of follicular

fluid (g) 4.2+1.7* 142+ 1.3
Weight of stroma (g) 3:5E 5% 7-2:5°133

*Standard error of the mean.
*P<.05.
b o) 7.0

TABLE 4. ANALYSIS OF CORPORA LUTEA FROM GONADO-
TROPIN-TREATED PREPUBERAL HEIFERS IN MONENSIN
AND CONTROL GROUPS

Feeding group

Mean ovarian parameter ~ Control + SE? Monensin + SE

CL weight (g) 2.6 -5 3.5+ 4
Progesterone conc. (pg/g) 82.1+ 20.7 85.5+ 15.8
Progesterone/CL (ug) 192.2+ 42.3 324.1+ 62.9t

Luteal progesterone/

heifer (ug) 1613.5+527.6 5410.6+1207.7*

*Standard error of the mean.
tP<.10.
*P<.05,
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Effect of Alteration

of Ruminal Fermentation on Efficiency
of Growth and Onset of Puberty

in Brangus Heifers

R. D. RANDEL, M. M. McCARTOR
AND L. H. CARROL

Summary

The influence of monensin and an altered
roughage:concentrate ratio on age and weight at pub-
erty was determined in 90 purebred Brangus heifers
of known age and weight. The heifers were stratified
according to weight per day of age and randomly
assigned to a control diet of 80 percent alfalfa hay and
20 percent concentrates (C); C plus 200 milligrams
(mg) monensin per head per day (M), or to a diet of
50 percent alfalfa hay and 50 percent concentrates
(HE). Daily dietary intake of metabolizable energy
(ME), crude protein (CP), and major minerals was
similar for all diets and resulted in equivalent rates of
daily gain [.60 kilograms (kg) per head per day] and
similar increases in body condition score (3.46, where
1= very thin and 10 = very fat). Analysis of volatile
fatty acids (VFA) of the rumen fluid (molar percent) at
3, 5 and 7 hours postprandial on day 80 of the trial
showed an increase (P<.01) in propionate (Cs) due to
M and HE treatments, and a reduction (P<.05) in
acetate (C;). Heifers with elevated ruminal propio-
nate values (M and HE groups) reached puberty 29.5
days younger than controls (P<.009) and weighed
17.2 kg less (P<.03) than controls. It is concluded
from these data that treatments which alter ruminal
fermentation towards increased ruminal propionate
production will decrease age at puberty in beef
heifers.
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Experimental Procedure

Feeding Trial

Ninety purebred prepuberal Brangus heifers of
known age and weight at weaning with a mean age
and weight of 316 days and 242 kg, respectively, were
stratified according to weight per day of age and
randomly allotted to one of two replicates in each of
three dietary treatments. Treatments were C, con-
taining 80 percent alfalfa hay and 20 percent concen-
trates; M, which was the same as C plus 200 mg
monensin per head per day; and HE, which con-
tained 50 percent alfalfa hay and 50 percent concen-
trates. Diets were formulated and fed at levels to
provide equal daily crude protein intake and to pro-
duce equivalent live weight gains of about 0.59 kg per
animal per day. The controlled daily feed was fed
once daily and consumption recorded daily by repli-
cates. Unshrunk live weights were taken on days 1,
30, 45, 73, 108, 122, 150, and 157 of the trial. The
feeding trial portion of the study was terminated on
day 157. Rumen samples were taken via stomach
tube on days 12, 80, 123, and 157 of the trial from all
heifers in replicate 1 and were assayed for total
volatile fatty acids (VFA), using procedures of Erwin
et al. (3). Rumen samples taken on day 80 were taken
at 3, 5 and 7 hours post-feeding to determine uni-
formity of VFA response over that time period.

Puberty Study

An epididymectomized bull equipped with a
chin ball marker was placed with each replicate in
each treatment group and the heifers were observed
for estrus twice daily. Age at puberty was recorded as
the age at which a heifer first accepted the service of a
bull accompanied by evidence such as vaginal mu-
cous discharge and swelling of the vulva. Heifers
observed to be in estrus were bred artifically or were
handmated to a fertile Brangus bull. Weight at puber-
ty was extrapolated from the live weights immediate-
ly preceding and following the puberal estrus. Any
heifer which did not attain puberty during the feed-
ing trial portion of the study was fed her experimen-
tal diet until puberty was observed. To estimate the
effects of treatments on fertility, pregnancy rate for
each treatment resulting from the pubertal insemina-
tion was determined by rectal palpation at least 60
days after breeding.

TABLE 1. EXPERIMENTAL DIETS

All variables were submitted to analysis of
variance procedures of Barr et al. (1). The incidence of
first service pregnancy was tabulated by type of mat-
ing (artificial or natural) and analyzed by chi-square
procedures of Snedecor (9). Volatile fatty acid data for
the 80-day sample of rumen fluid were analyzed by
procedures of Snedecor (9) using hours after feeding
as replicates.

Results and Discussion

Feeding Trial

The percentage of ingredients in the three experi-
mental diets is shown in Table 1. The control diet was
designed to contain 80 percent alfalfa, but due to
disproportionate feeding during one weigh period
the actural percentage of alfalfa fed was 81.9 percent.
The M and He treatments were fed in proportions
called for in the design. The data in Table 2 show
actual amounts of concentrate and hay fed and the
estimated intake of protein, energy, Ca, P, Kand Mg.
All diets were well above requirements for all nutri-
ents. Energy intake and protein intake were slightly
higher for C than for M or He heifers. The weights
and gains for the three treatment groups are shown
in Table 3. Although the C animals consumed more
metabolizable energy (ME) than either M or HE and
gained slightly more, the difference in ADG was not
significant (P>.10). The data in Table 3 indicate that
none of the treatments differed significantly with
respect to initial and final weights or with respect to
live weight gain.

Rumen Volatile Fatty Acid Levels

Since there were no significant differences in
patterns of ruminal VFA levels on different dates, the
data for only the 80-day sampling are shown in Table
4. The differences in molar percentage of individual
VFA’s were somewhat less than expected probably
due to the fact that all of the daily diet was not
consumed within 3 hours after feeding, except for the
HE group. All orts were removed from the feed
bunks 3 hours postfeeding when sampling began.
Molar percentage of acetate (C;) was increased in C
compared to M + HE (P<.05) and molar percentage
of propionate (C;) was increased (P>.01) by M and
HE treatments. Butyrate molar percentage was high-
er (P<.01) in the HE treatment and lower in the M
group. Total VFA’s were unaffected (P>.10) by treat-

Ratio of roughage to concentrate

80:20 50:50
Internat’l 80:20 (Control & (High
Ingredient Ref. No. (Control) Monensin) energy)
Cottonseed meal 5-01-621 o e 14.00
Micronized milo 4-04-444 16.26 18.00 35.00
Salt .90 1.00 1.00
Sodium tripolyphosphate 6-08-076 .90 1.00 it
Alfalfa hay 1-00-050 81.94 80.00 50.00
Monensin (mg/head/day) S 200.00 AR

76




TABLE 2. DAILY INTAKE OF CONCENTRATES AND ALFALFA
HAY AND ESTIMATED INTAKE®* OF CRUDE PROTEIN,
METABCLIZABLE ENERGY, CA, P, K AND MG

Treatment Control Control and High
Monensin energy
Concentrate, kg 1.46 137 311
Alfalfa hay, kg 6.65 5.46 3:11
Crude protein, kg 1529 1.08 1.08
ME megcal 15.93 13.50 14.16
Ca, g 127.98 105.22 61.88
P g 39.47 31.50 26.35
K g 102.02 84.40 85.08
Mg, g 17.79 14.89 16.61

*Estimated from NAS (7).

TABLE 3. EFFECT OF DIET AND MONENSIN ON FEEDLOT
GAIN AND EFFICIENCY DURING THE 157 DAY FEEDING
PERIOD

Treatment Conrol Control and High
Monensin energy
Initial weight, kg 241.1* 242 42 246.4%
Final weight, kg 342.7¢ 336.9* 342.9%
Gain, kg 101.6 94.52 96.5%
ADG, kg .65° .60° 617
Feed intake, kg 8.02 6.83 6.22
Feed/gain 12.33 11.38 10.01
ME intake, megcal® 15.93 13.50 14.16
ME/kg gain, megcal® 24.51 22.50 23.21
Percentage of control 91.81 94.70

“Values on the same line bearing common superscripts are not different
(P>.10).

"Estimated from NAS (7).

TABLE 4. EFFECT OF MONENSIN AND ROUGHAGE:CONCEN-
TRATE RATIO AND TIME AFTER FEEDING ON RUMINAL
VOLATILE FATTY ACID (VFA) CONCENTRATION AND %
CONCENTRATION OF C,, C; and C,4

Time after
Treatment feeding, hr 3 5 7 % SEM
Control G, % 67.00: #67:12 1 67.11" 67.05%°% 24

Cs, % 21760 21.01°21.10. 21:245++.24
Cy % 11648 S 860 U114 981 1174297
Total mM/1  87.33 81.33 73.62 80.76°+2.98

Control and

Monensin Cy, % 67.01 66.90 66.73 66.88°+ .34
Cs, % 23.80:923.36 122,94 23379 =131
Cy % 9182 9.73» 10:31 -1 9.742+ 19

Total mM/1  67.00 70.74 73.41 70.382+2.11

High energy % 65.19 63.08 62.97 63.74°% .50
G. % 22.30 2276 22.40 22.25%+ 56

Cy % 12.31 14.14 14.67 13.71°% .41

Total mM/1  83.98 80.08 73.67 79.49°+2.95

**Values in the same column bearing different superscripts are different
(P<.05).

“4*Values in the same column bearing different superscripts are different
(P<.01).

ment. Time after sampling did not have an effect on
either molar percentage of individual VFA or on total
VFA values (P>.10).

Reproductive Effects

Since treatments successfully achieved similar
rates of gain in heifers of equal age and initial experi-
mental weight, and since the age and weight at
puberty were similar for M and HE groups, these two
groups were pooled and compared to C for combined
treatment effect on age and weight at puberty (Table
6). Using these comparisons there was no difference
(P>.05) between C and M + HE with respect to
weaning age, weaning weight, initial experimental
weight, final experimental weight, ADG, initial con-
dition score and final condition score. There was,
however, a difference (P<.009) in age at puberty with
C having a mean age at puberty of 514 days and M +
HE having a mean age of 485 days, a difference of 29
days (Table 6). Weight at puberty was likewise re-
duced (P<.03) when M + HE were compared to C.
Mean weight at puberty was 332 kg for C and 315 kg
for M + HE combined. The fertility of the heifers, as
evidenced by first service pregnancy rate, was not
significantly affected by treatment (Table 5). The per-
centage of heifers pregnant from insemination at tke
pubertal estrus for C, M and HE was 63.3, 58.6, and
61.5, respectively.

This study was designed to test the hypothesis
that age at puberty could be reduced by shifting
ruminal fermentation toward greater propionate pro-
duction when all other factors known to affect age at
puberty were equalized by experimental design. An
earlier study at this laboratory by Mosely et al. (6)
showed that more heifers fed monensin reached pu-
berty within a given experimental period than control
animals. However, Moseley et al. (6) did not establish
that the puberty response was not due to some effect
of monensin other than the known effect of ruminal
VFA patterns. This study confirmed the effect of
monensin on puberty as shown by Moseley et al. (6)
when heifers were fed 80:20 roughage:concentrate
diets. These data further demonstrate that a 50:50
roughage:concentrate diet, fed at lower levels to
achieve equal metabolizable energy intake and ADG,
caused a shift in ruminal VFA similar to the 80:20 diet
with 200 mg monensin and did result in a similar
reduction in age and weight at puberty.

The changes shown in age at puberty in this
study cannot be accounted for by any of those factors
known to affect age at puberty, such as pre-weaning
growth, post-weaning growth, ADG while on experi-
ment, or body condition score. The study by Rhodes
et al. (8) in which a substantial portion of the energy
and protein in a protected lipid diet was rumen-
bypassed, and therefore unavailable for rumen fer-
mentation, created faster growing, fatter heifers but
reduced (P<.05) the percentage of heifers attaining
puberty. More control heifers which were fed a diet
that provided more fermentable carbohydrates in the
rumen attained puberty than heifers fed the protect-
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TABLE 5. PREGNANCY RATE OF HEIFERS AT PUBERTAL ESTRUS FROM ARTIFICIAL (AI) AND NATURAL (N) MATINGS

Treatments
e Control Control & Monensin High energy Xz
mating Proportion % Proportion % Proportion %
Al 8/14 57.1 10/13 76.9 11/16 68.8 1.22
Natural 11/16 68.8 7/16 43.8 5/10 50.0 2.41
Total 19/30 63.3 17/29 58.6 16/26 61.5 14

TABLE 6. EFFECT OF DIET AND MONENSIN ON AGE AND
WEIGHT AT PUBERTY AND CONDITION SCORE

Control & High

Treatment Control Monensin energy
Age at puberty,

days 514.3+9.98°  489.9+9.93°  479.2+7.78°
Wt at puberty, kg 332.6+6.25° 314.9+5.28¢  316.0+6.80¢
Initial condition

score 3.90+ .06 3.66% .07 3.81+ .09
Final condition

score 7:15=".07 715D 7.44x .10

**Values on the same line bearing different superscripts are significantly
different (P<.009).

“4Values on the same line bearing different superscripts are significantly
different (P<.03).

ed lipid (P<.05). The findings in this study and those
of Moseley et al. (6) and Rhodes et al. (8) in no way
alter the conclusions drawn from numerous studies
relating energy intake to puberty (2, 4, 5, 10, 11).
However, it now is apparent that qualitative aspects
of the diet may be as important in determining onset
of puberty as quantative aspects of energy intake.
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PR-3787

Effect of Monensin

Upon Ovarian Response to FSH-P

in Sexually Mature Crossbred Heifers
and Brahman Cows

R. D. RaNDEL, L. M. HARRISON
AND T. R. HANSEN

Summary

Bovine females in two separate trials were allott-
ed randomly to receive a concentrate containing 0 (C)
or 200 milligrams (mg) (M) monensin sodium/head-
/day. Trial 1, including 33 Simmental x Brahman-
Hereford heifers approximately 17 months of age,
was conducted in 1979. Trial 2 was initiated in 1980
and employed 14 Brahman cows between 2 and 6
years of age. C and M animals within each group
were placed on feed on the same trial day, with the
heifers in experiment 1 exhibiting one estrus before
further treatment and the cows in experiment 2 fed
for 3 months. Each animal was then injected with 1
mg of porcine follicle stimulating hormone (FSH-P) at
0800 and 2000 hours on days 16 through 21 of the
estrous cycle or until the animal displayed estrus. In
experiment 1, ‘nine C and nine M heifers were
ovariectomized in the afternoon of day 21 or the day
they reached estrus. The remaining eight C and se-
ven M heifers in the first trial were allowed to ovulate
and were ovariectomized on day 11 after the FSH-P
treatment. All 14 cows in experiment 2 were allowed
to ovulate and were examined by flank laparotomy
on day 13 after estrus. Those M heifers allowed to
ovulate in experiment 1 had more corpora lutea
(CL)fovary (P<.025), more CL/animal (P<.10),greater
mean CL weight (P<.005) and higher total CL
weight/animal (P<.10). The heifers not allowed to
ovulate had no significant differences between C and



M. The cows in experiment 2 had similar tendencies
in ovulation rate as the heifers ovulating in experi-
ment 1. Corpora lutea taken from heifers allowed to
ovulate were analyzed spectrophotometrically for
progesterone concentration. Although the C group
contained more progesterone/CL, the M group tend-
ed to have a greater amount of progesterone/animal
because of the increased number of CL found in M.
Concentrations of progesterone on a pg/g of tissue
basis were almost equivalent.

Experimental Procedure

Experiment 1

Thirty-three Simmental x Brahman-Hereford
heifers weighing approximately 311 kilograms (kg)
and approximately 17 months of age were allotted
randomly to receive a diet containing either no
monensin (C) or 200 mg monensin (M). The 17 C
heifers and 16 M heifers were fed 2.24 kg of 80
percent ground milo and 20 percent cottonseed
meal/head/day. The heifers were maintained in dry-
lots with access to Coastal bermudagrass hay ad
libitum. All heifers were placed on feed on the same
day and prior to further treatment exhibited one
estrous cycle. Sterile marker bulls were maintained
with the heifers to aid in estrus detection. On day 16
of the estrous cycle, each heifer was injected with 1
mg of porcine follicle stimulating hormone (FSH-P) at
0800 hour and at 2000 hour. Injections were con-
tinued until day 21 or until the heifer displayed
estrus.

Nine C and nine M heifers were ovariectomized
in the afternoon of day 21 or the day they reached
estrus. Eight C and seven M heifers were allowed to
ovulate and develop CL and were ovariectomized on
day 11 after the FSH-P treatment estrus.

The ovaries of the heifers not allowed to ovulate
were cleaned of excess blood and tissue and weighed.
Follicles were then counted and ruptured to weigh
follicular fluid and stroma. The ovaries of heifers
allowed to ovulate were processed in the same man-
ner, and additionally the CL were enucleated for
weighing, then placed in plastic vials and frozen until
individually assayed for progesterone content spec-
trophotometrically.

Experiment 2

Fourteen estrous-cycling, purebred Brahman
cows between 2 and 6 years of age were allotted
randomly to receive a diet containing either no
monensin (C) or 200 mg monensin (M). The seven C
cows and seven M cows were fed 1.35 kg of 75
percent ground milo and 25 percent cottonseed
meal/head/day. The cows were maintained in pad-
docks with access to Coastal bermudagrass hay ad
libitum. All cows were placed on feed on the same day
and maintained on the same diet for approximately 3
months (January 3, 1980 to April 6, 1980). Sterile
marker bulls were maintained with the cows to aid in
estrous detection. Commencing on trial day 81 and
on day 16 of the estrous cycle of each cow, each
animal was injected with 1 mg FSH-P at 0800 hr and

2000 hr. Injections were continued until day 21 or
until the cow displayed estrus. All cows were allowed
to ovulate and develop CL and were inspected for
ovarian structures by standing flank laparotomy on
day 13 after the FSH-P treatment estrus.

Results and Discussion

In both experiments, the animals consuming
monensin displayed an altered ovarian response to
the FSH challenge when compared to their respective
control groups. Statistical analysis, using Student’s t
test, of the various ovarian indices examined in ex-
periment 1 reveals significant differences between the
monensin and control groups in number of CL/ovary
(P<.025), CL/animal (P<.10), average CL weight
(P<.005), and total CL weight/animal (P<.10) (Table
1). The data from older cows in experiment 2 indicate
similar tendencies in the number of CL/ovary, num-
ber of CL/animal, and approximate CL size (Table 2).

Analysis of the CL extracted from the ovaries of
the heifers which were allowed to ovulate in experi-
ment 1 revealed several trends. The M group tended
to have a greater amount of progesterone/animal,
although the C group contained more proges-
terone/CL, because of the increased number of CL
found in M. Concentrations of progesterone on a

TABLE 1. MEAN OVARIAN PARAMETERS OF CONTROL AND
MONENSIN-FED SEXUALLY MATURE HEIFERS FOLLOWING
EXOGENOUS FSH-P CHALLENGE AS MEASURED AT EST-
ROUS CYCLE DAY 11 OVARIECTOMY

Treatment group

Control = SE*

Ovarian variable Monensin + SE

Ovarian weight (g) 12.483+1.371 14.490+2.378

Stroma weight (g) 5.066+ .536 4.046+ 458
Follicular fluid weight (g)
3.467+ 492 2.626+ .466
Number follicles>8mm 33:2° 2.8 25.0 =*4.0
Number follicles<8mm 140k =52 ilst 3
Largest follicle 10.8 *1.4 84 * 8
CL/ovary 1:6, % .4* 40 = .9
CL/animal 3.7 a1t 8.0 =*24
CL weight (g) 2.504+ .321*** 1.945+ 132
Total CL wt/animal (g) 4.069+ .802** 7.702+1.820

2Standard error of the mean.
*P<.025.

**P<.10.

*P<.005.

TABLE 2. MEAN OVARIAN PARAMETERS OF CONTROL AND
MONENSIN-FED BRAHMAN COWS FOLLOWING EXOGEN-
OUS FSH-P CHALLENGE AS MEASURED AT ESTROUS CYCLE
DAY 13 LAPAROTOMY

Treatment group
Control + SE?*

Ovarian variable Monensin + SE

CL/ovary 1.16+.56 1.57+.41
CL/animal 2.33x.71 3.14%.70
CL/size (mm) 15.43+.87 16.27+.82

?Standard error of the mean.
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micrograms (ug)/g of tissue basis were almost equiva-
lent (Table 3).

Examination of the results of the ovariectomies of
those heifers not allowed to ovulate in experiment 1
failed to show any significant differences in response
to the FSH challenge (Table 4). These data indicate
several aspects of reproduction that can be influenced
by monensin. The absence of significant differences
between C and M in heifers not allowed to ovulate
implies that it is an increased sensitivity to gonadot-
ropins at the time of ovulation that allows the devel-
opment of more ovarian structures, rather than a
preovulatory increase in gross ovarian parameters.

TABLE 3. ANALYSIS OF CORPORA LUTEA FROM CONTROL
AND MONENSIN-FED SEXUALLY MATURE HEIFERS FOL-
LOWING EXOGENOUS FSH-P CHALLENGE

Treatment group

Control = SE?

Mean ovarian parameter Monensin + SE

Progesterone/animal (p.g) 1012+249 1805+534
Progesterone/CL (ug) 272+ 48 226+ 13
Progesterone conc. (ug/g) 145+ 21 145+ 14

Standard error of the mean.

TABLE 4. MEAN OVARIAN PARAMETERS OF CONTROL AND
MONENSIN-FED SEXUALLY MATURE HEIFERS FOLLOWING
EXOGENOUS FSH-P CHALLENGE AS MEASURED BY
OVARIECTOMY AT ESTRUS

Treatment group
Control + SE*

Ovarian variable Monensin + SE

Ovarian weight (g) 7.652+ 922 8.256+1.110
Stroma weight (g) 4.634+ .502 4,719+ /512
Follicular fluid weight (g)

3.018+ .506 3.537+ .766
Number follicles>8mm 22:7. £33 194 =*1.7
Number follicles<8mm B4 =8 42 9
Largest follicle (mm) 10661.0 14.5 =11

*Standard error of the mean.

The ovulation rate, while increasing in all
monensin-fed bovine females, does not appear to
occur in a uniform, unequivocal manner. The older
cows had less dramatic increases in the various ova-
rian parameters measured than the sexually mature
heifers. Even greater responses were achieved by the
prepuberal heifers given a challenge of FSH and
human chorionic gonadotropin (HCG). These gradu-
ations in response suggest that the more mature,
well-developed endocrine system is in some way less
sensitive to  monensin-induced  physiological
changes.

It would seem that the ovarian ability to form
luteal cells is also affected as the M heifers had
smaller individual CL. It cannot be ruled out, howev-
er, that strict spatial limitations may have played a
role in luteal development, due to the much greater
number of CL formed. Correction of luteal tissue
concentrations of progesterone to pg of hormone per
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gram of tissue basis implies that the ability of the
luteal cells to produce progesterone remains largely
unaffected, since concentrations when examined
under that criterion are very nearly equal.

The results from these trials suggest that the
monensin-induced ovarian response noted can be
evoked in bovine females of all ages. Several conclu-
sions can be drawn from these data: (1) Dietary
monensin exerts an endocrinological effect on bovine
females of all ages; (2) the rate of ovulation is marked-
ly increased in monensin-fed cows receiving an ex-
ogenous gonadotropin challenge; the magnitude of
increase appears to be somewhat dependent upon
the sexual maturity of the female; and (3) the ability of
CL cells to produce progesterone is not affected by
the monensin supplement fed to sexually mature
heifers.

PR-3788

Effect of Season and Monensin
On the Preovulatory Luteinizing Hormone
Surge in Brahman Cows

R. D. RANDEL AND L. M. HARRISON

Summary

Twenty-seven estrous cycling Brahman cows be-
tween 2 and 6 years of age were allocated randomly
to receive a concentrate containing either no monen-
sin (C) or 200 milligrams (mg) monensin per head per
day (hd/day) (M). All cows were placed on feed on
the same day, and blood samples were taken in
January (WI), March (SP), and May (SU) to quantitate
the preovulatory luteinizing hormone (LH) surge.
The blood samples were taken via tail vessel
venipuncture immediately upon detection of stand-
ing estrus, and continued hourly until 24 hours (hr)
postestrus. Radioimmunoassay was used to deter-
mine serum LH concentrations. Dietary monensin
increased the number of cows in the WI group ex-
pressing an LH surge, (1 of 5 C vs 5 of 5 M) (P<.010),
but not the number of surges in later samplings.
Combined WI and SP values indicated more M dis-
playing a peak LH surge after onset of estrus (3 of 10
Cvs 10 of 15 M) (P<.10). Comparing WI-C and WI-M
groups using an estrus through hr 24 postestrus LH
profile, denotes M values being more elevated by
treatment (P<.001), by period (P<.001), and by a
treatment x period interaction (P<.005). M values
were also higher in a SP-C/SP-M comparison by treat-
ment (P<.005) and by period (P<.001). LH values
from SP and SU depict greater LH concentrations in
M from the LH peak until basal levels are reached by
treatment and period (P<.001). Seasonal effects are
noted in the number of C cows exhibiting an LH
surge in January (1 of 5) and March (9 of 10) (P<.005).
SP-C and SU-C values did not differ significantly, but



both were greater than WI-C by treatment and by
season (P<.001) when compared over the 24-hr
period. Basal levels of LH tended to increase from
winter to summer. WI-M was not different from SP-
M in number of animals exhibiting an LH surge, but
had lower LH concentrations than SP-M when com-
pared to the 24-hr profile. These results suggest that
seasonal effects, occurring between the shortest and
longest days of the year, exert their greatest influence
on the preovulatory LH surge in Brahman cows be-
tween January and March. Seasonal effects on the LH
surge appear to be partially modulated by nutritional
factors.

Experimental Procedure

Twenty-seven estrous cycling Brahman cows be-
tween 2 and 6 years of age were allocated randomly
to receive a concentrate containing either no monen-
sin (C) or 200 mg monensin /hd/day (M). Thirteen C
and 14 M cows were fed 1.36 kilograms (kg) of 75
percent milo and 25 percent cottonseed meal daily
and were maintained in paddocks with access to
Coastal bermudagrass hay ad libitum. Sterile heat-
check bulls equipped with chin-ball markers were
kept with each group to aid in estrous detection. Both
groups were observed at least every 4 hr to identify
those cows approaching estrus. When a cow stood to
be mounted by the marker bull or another cow, she
was immediately removed from the herd and bled via
tail vessel venipuncture for 24 hours. All cows were
placed on feed the same day (January 3, 1980) and
blood samples were collected at three different sea-
sons. The first group of samples (WI) consisted of five
sets of samples from each of the C and M groups, and
were all taken before mid-January. A second set of
samples (SP) was taken from 10 C and 10 M cows in

March. Monensin was discontinued after the SP sam-
pling, and approximately half of the cows from each
group were combined into one control group and
tested a final time in late May (SU) to obtain 10 more
sets of samples. The remaining cows were returned
to the breeding herd. Single blood samples were also
taken on days 10, 11, and 12 after estrus to be ana-
lyzed for progesterone content to confirm that an LH
surge did occur and that an ovulation resulted. All
blood samples were immediately placed under refrig-
eration upon collection, processed to yield serum,
and stored at —20° C until assayed for hormone
content. The assay used to quantitate LH concentra-
tions was a modification of the double antibody
radioimmunoassay.

The parameters of the LH measurements made
were (1) timing of the onset of the LH surge, (2) peak
LH concentrations, (3) total LH surge profile, as mea-
sured by LH magnitude and duration from estrus
through hour 24 postestrus, (4) LH profile as mea-
sured by LH magnitude and duration from peak LH
concentration through hour 24, (5) area under the LH
curve from the LH peak to hour 12 after the peak. The
area under the LH curve was calculated by integrat-
ing the LH concentration over time. An LH surge was
defined as a sustained acute elevation of LH at least
two standard deviations above basal LH levels at
hour 24. The duration of the LH surge was deter-
mined by calculating the time interval from the initia-
tion of the estrous-induced LH surge until LH con-
centration returned to within one standard deviation
of the basal LH levels at hour 24.

Analysis of variance (ANOVA) and chi square
were used to determine any significant effects of
monensin or season within each of the aforemen-
tioned parameters.
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Figure 1. Effect of dietary
monensin on the LH surge
in Brahman cows in the
winter.
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Results and Discussion

Examination of the data indicated that both
monensin and season exerted an effect on the nature
of the LH surge.

Chi square analysis of the timing of the onset of
the preovulatory LH surge pointed out distinct differ-
ences between C and M. Only one of five cows in the
WI-C group manifested an LH surge, whereas five of
five WI-M cows had a surge (P<.010). Further evi-
dence of an altered timing was attained by combining

32

WI and SP values for analysis. The number of cows
where the peak LH value was not the first sample
taken with three of 10 for C as opposed to 10 of 15 for
M (P<.10).

Since analysis of the timing of the onset of the
LH surge indicated that the C groups were either
exhibiting a delayed behavioral estrus or the LH
surge was initiated earlier, it was considered probable
that the LH peak had occurred prior to the initial blood
sample in a number of cows. Any analyses which
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portrayed an LH profile from peak concentration to a
later time were disregarded as being inaccurate, ex-
cept those comparisons made where peak LH values
were not the first sample taken.

Two separate comparisons were made employ-
ing the estrus through hour 24-LH profile to further
ascertain any monensin-induced differences. A WI-
C/WI-M analysis of variance denotes differences by
treatment (P<.001), by period (P<.001), and a treat-
ment x period interaction (P<.005), the monensin

values being more elevated in all cases (Figure 1).
Comparing SP-C to SP-M yielded similar results.
Differences existed between treatments (P<.005) and
by period (P<.001), but there was no treatment x
period interaction (Figure 2).

As no significant treatment differences were
noted between the SP and SU control groups, all
values where the LH peak was known were com-
bined to permit a comparison to the SP-M group. A
monensin-induced enhancement of the LH surge is
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most clearly seen by this comparison. Again, treat-
ment and period differences were highly significant
(P<.001) (Figure 3).

A profound seasonal effect was explained by
comparing WI-C to SP-C. Evidence of an LH surge
was seen in nine of 10 SP cows but in only one of five
WI cows (P<.005). This difference did not appear
between the SP-C group and those cows tested in
May; all 10 of the SU-M group had an LH surge.
While not statistically significant, more of the SU
group tended to surge later than the combined WI
and SP control cows. This seasonal difference is fur-
ther clarified by examining the estrus to hr 24-LH
profile. No differences were found between the SP
and SU control groups, but both exhibited elevated
values when compared to WI-C, either by treatment
(season) or by period (P<.001) (Figure 4). Although
not statistically significant, basal LH levels as mea-
sured at hr 24 tended to increase from winter to
summer. Additional indication of a seasonal effect is
seen by the estrus to hr 24-LH profile between WI-M
and SP-M. Differences by teatment (P<.05) and by
period (P<.005) resulted (Figure 5).

The significance of this study regarding seasonal/
nutritional interaction is somewhat difficult to assess
due to the lack of recent data regarding this relation-
ship. The most perceptible evidence of nutritional
mediation of a seasonal/endocrinological association
is the significantly greater number of cows exhibiting
an LH surge in early winter while consuming monen-
sin. Dietary monensin seems to display a capacity to
“override” seasonal dictates. Further studies are indi-
cated to determine whether the observed differences
are due to an improved plane of nutrition induced by
monensin at a critical time of year, or whether the
altered volatile fatty acid concentration in the rumen,
and subsequent energy pathways, are exerting an
effect on the endocrine system above and beyond an
improved nutritional balanced.

PR-3789

Results from a Typical
Controlled Breeding Program

Rick HARDIN AND J. R. BEVERLY

Summary

Since FDA clearance of the prostaglandin, Lut-
alyse (Upjohn Company) in November, 1979, there
has been renewed enthusiasm about artificial insemi-
nation (Al). Use of Al/sychronization programs sug-
gest benefits such as better control of breeding sea-
sons, shortened calving periods, and more uniform
calves. Synchronization is, however, no different
from other management tools — the better managers
will achieve the optimum results.The following re-
port details one study conducted with the intent of
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optimizing the results from a controlled-breeding
program.

Introduction

Pharmaceutical companies have justifiable con-
cern regarding the probable results of synchroniza-
tion programs in southern beef cow operations. Re-
sults from field trails conducted in the southern re-
gion of the U. S. (1) have caused some skepticism
since differences in pregnancy rates (17 vs 32 percent)
between a single fixed time Al breeding and controls
bred over a 24-day period were reported. Results
from the southern locations have been consistently
below those in northern sites in average pregnancy
rate. The trial described below was conducted under
rigid constraints (a) to maximize pregnancy rates and
(b) to compare the results of a two-Lutalyse injection-
single fixed time AI program with those of conven-
tional natural service.

Experimental Procedure

Purebred Santa Gertrudis heifers were assigned
to either a timed-Al (TAI) or pasture-bred control (C)
group. Prior to the initiation of the study, the heifers
were weighed and palpated per rectum for ovarian
activity. Only a small percentage of the heifers were
determined to be cycling by palpation, and a poor
estrous response was observed following one Lut-
alyse injection. The heifers were maintained as a
single group for 5 weeks on a corn-based ration with
minerals and pasture available ad libitum.The double
Lutalyse injection program was started on May 26 so
that TAI heifers (n =63) were bred on June 10 (Figure
1). A bull evaluated as a satisfactory potential breeder
was placed with the C heifers (n=19) after the second
injection. Semen used in the TAI group was ex-
amined for motility, total live normal sperm cells, and
acrosomal integrity. Two qualified technicians ad-
ministered Al and rotated approximately every 5
heifers. Estrous activity after the second injection was
recorded, and heifers were bred at approximately 80
hours following the last injection irrespective of es-
trous activity. Heifers which returned to estrus be-
tween 17 and 24 days after the TAI were bred Al.
Bulls were then placed with the TAI heifers. All bulls
were removed after a total breeding season of 58
days. Heifers were palpated per rectum to determine
pregnancy rate 78 days post-Al and 45 days after the
end of the breeding season.

Figure 1. Schematic illustration of the breeding procedure used in
the trial.
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TABLE 1. PREGNANCY RATES FOR TREATMENT GROUPS

Animal Pregnant
Variable no. no. %
Treated-Al (TAI) 63 23 37
Not treated-bull (C) 19 7 a7

TABLE 2. PREGNANCY RATES FOR Al TECHNICIANS

Animal Pregnant
Variable no. no. %
Al-tech “A” 37 13 35
Al-tech “B” 26 11 42

TABLE 3. PREGNANCY RATES FOR ESTROUS DETECTION

Animal Pregnant
Variable no. no. %
E (estrus detected) 31 12 5]
NE (no estrus detected) 32 il 34

Results and Discussion

In previous years the cattle used in the trials had
achieved a 70- to 80-percent pregnancy rate during a
90-day breeding season. From this information, an
expected single-service pregnancy rate was calculated
to be approximately 35 percent. The single-service
pregnancy rate to Al and natural service (24-day
period) agree closely with the expected value cal-
culated from previous heifer performance (Table 1).
The conception rates achieved by the two technicians
(Table 2) did not differ significantly (35 vs 42 percent).
The similarity in pregnancy rate (Table 3) between
heifers that were detected in estrus (E) and those not
detected in estrus (NE) is indicative of the inaccuracy
and difficulty of heat detection in Brahman-type cat-
tle. If the NE animals had not been in estrus, the
pregnancy rate should have approached zero. Thirty-
four heifers were detected in estrus during the repeat
Al period. The inaccuracy or overestimation of 24-day
non-return rates is reinforced by an actual pregnancy
rate of 37 percent rather than 46 percent as forecast by
non-returns. One interesting observation was that 11
(32 percent) of the 34 “repeat breeders” observed in
standing estrus had previously conceived to the TAI,
based on palpation per rectum. With the flurry of
estrous activity during repeat breedings, herdsmen
must recognize that some heifers demonstrating es-
trus are actually pregnant and thus semen should be
deposited mid-cervix so as to avoid possible abor-
tions.

TABLE 4. PREGNANCY RATES AT VARIOUS STAGES OF
BREEDING SEASON

Pregnant at Pregnant at

5 days 25 days 58 days*
Group No. No. % No. % No. %
Timed-AI 63 23 37 30 48 38 60
Control 19 - - 7 37 10 53

*Days of the breeding season.

The pregnancy rates for the different segments of
the breeding season (Table 4) demonstrate the major
advantage of synchronization in grouping pregnan-
cies early in the season. Note that pregnancy rates in
the synchronized/Al cattle are the same in 5 days of
breeding as those attained by conventional natural
service in 25 days.
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Status of Ultrasonic Devices
for Pregnancy Determination in Cattle

Rick HARDIN AND J. R. BEVERLY

Summary

Comparisons between Animark ultrasonic in-
struments and palpation per rectum were conducted
on Texas range cows to determine the utility of such
devices as an alternative to palpation per rectum.
Texas ranchers, particularly in the western sector, are
faced with coordinating a variety of management
tasks at any given gathering of the entire cow herd
i.e., pregnancy testing, vaccinations, weaning, and
shipping. Ultrasonic instruments potentially offer the
utility of eliminating the scheduling of skilled person-
nel to perform the pregnancy-testing procedure by
palpation. The inaccuracy of ultrasonic devices
evidenced in this study would indicate that such
instruments are a questionable replacement for pal-
pation per rectum.

Introduction

The earliest documented use of palpation to de-
termine pregnancy in cows in 1815 (1) has been
followed by a barrage of different methods and varia-
tions. Pregnancy determination has been well estab-

lished as a useful tool for profit-minded cattlemen.
The improved efficiency of beef production realized

after the implementation of a culling program should
be ample reason to cull cows that are open at the end
of the breeding season. Palpation per rectum has been
the long-standing method of choice because of the
accuracy and speed of each determination. While
laboratory analytical techniques are available, the
most efficient management policy is to test and sort
open cows as they are worked, rather than re-sort
cows after laboratory reports are available. Ultrasonic
instruments have been advocated as an alternative to
palpation. Proprietary data indicate claimed accuracy
of 90 percent +, as well as easy, simple, and fast
operation. The following studies were conducted to
evaluate the feasibility of ultrasonic devices as a man-
agement alternative to palpation per rectum.
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TABLE 1. HERD 1 - PREGNANCY DETERMINATION

Status based on

Percent
Palpation Ultrasonic Number accuracy
Pregnant Pregnant 104 104
(104+11) x 100 = 90%
Pregnant Open 11
Total pregnant 115
Open Open 5 5
(5+13) x100 = 28%
Open Pregnant 13
Total open 18
TABLE 2. HERD 2 - PREGNANCY DETERMINATION
Status based on
Percent
Palpation Ultrasonic Number accuracy
Pregnant Pregnant 59 59
(59+5)x 100 = 92%
Pregnant Open 5
Total pregnant 64
Open Open 8 8
(8+19)x 100 = 30%
Open Pregnant 19
Total open 27
Experimental Procedure
Two west Texas beef cow herds of 133 and 91
Hereford, Angus, or Angus x Hereford cows were
used in the studies. Experienced personnel were
used for palpation and application of the ultrasonic
method. For comparison, palpation per rectum was PR-3791

considered to be 100 percent accurate. The pregnancy
determinations for each method were recorded and
then compared. The data were partitioned into per-
cent accuracy for pregnant cows and open cows sepa-
rately.

Results and Discussion

The data for the study are summarized in Tables
1 and 2. The accuracy of 90 percent for pregnant cows
is similar to reports in proprietary data. The low
accuracy of the ultrasonic method in detecting open
cows is, however, the major limitation and problem.
Cost of wintering open cows makes such an error
intolerable in cost-effective management decisions.
While time required to complete each determination
was not recorded, palpation was in all cases the more
rapid test (approximately two to four times). Present-
ly, the poor accuracy in diagnosing open cows as
determined by ultrasonic means is considered suffi-
ciently limiting to preclude the use of such devices as
management tools.
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Selecting Bulls for Fertility

M. F. SMITH, N. PARISH,
AND J. N. WILTBANK

Summary

Four factors were considered in evaluation of bulls
for fertility: scrotal circumference, libido, ability to
deposit semen in the cow, and number of normal
sperm. Data indicated that bulls should be sexually
functional, have a scrotal circumference over 30 cen-
timeters (cm) at 15 months of age, and have semen
with more than 65 percent normal sperm before being
placed with cows. Bulls cannot be properly evaluated
for fertility by evaluation of sperm cell motility.

Introduction

Bulls differ in their ability to settle cows. To
achieve pregnancy in the cow, a bull must have the
desire and ability to mate and must produce an
adequate number of sperm of high quality. In this
experiment an attempt was made to correlate bull
fertility with testicular size and semen quality. An
attempt was made to predict bull fertility using testi-
cle size as a measure of sperm production and pro-




portion of normal sperm prior to breeding as a mea-
sure of semen quality. Prepuce length, crest size,
masculinity and levels of plasma testosterone were
also correlated with fertility.

Experimental Procedure

Two hundred and fifty 15-18 month old Santa
Gertrudis bulls located at the King Ranch were used.
The scrotal circumference, prepuce length, crest size,
a subjective score for masculinity, and the number of
normal sperm were determined in all bulls approxi-
mately 6 weeks prior to the start of the breeding
season. Any bull having poor semen quality was
evaluated again 3 weeks later. Forty bulls with consis-
tent semen quality were selected to be bred to heifers.

Each bull used in the breeding test was placed
with 100 heifers for a 4-day period. The heifers were
checked for heat twice daily; a chin ball marker was
placed on each bull during the time he was with the
heifers.

Libido was measured as the number of heifers
bred by each bull compared to the number of heifers
observed in heat.

Results and Discussion
Libido

Two bulls (5 percent) never mated a heifer and
two (5 percent) mated only three to five heifers.
Fertility rate was low in these bulls because of their
lack of sexual desire or libido (Table 1). Of two bulls
with low libido, one had unsatisfactory fertility rate
(less than 20 percent of heifers pregnant) while the
fertility rate in the other was questionable (20-40
percent of heifers pregnant).

The level of fertility in medium-and high-libido
bulls varied with respect to semen quality and scrotal
circumference.

Two points about these data should be noted.
First, fertility rate is from a 4-day breeding season and
involves only heifers showing heat in that period.

TABLE 1. RELATIONSHIP BETWEEN LIBIDO AND FERTILITY

Level of libido (sexual desire)

No Low Medium High
No. bulls 2 2 12 24
Fertility rate
Unsatisfactory 100% 50% 58% 29%
Questionable 50% 17% 42%
Satisfactory 0 25% 29%

Second, many bulls used had poor semen quality.
Thus, many bulls with high libido had a low fertility
rate. It is obvious that bulls with little or no libido will
not result in pregnant cows. However, high libido in
a bull is no guarantee of high pregnancy rate because
low semen quality can have a detrimental effect on
pregnancy rate.

Several characteristics were used in an effort to
identify bulls with high and low libido. Scrotal size
was adequate in 75 percent of the low libido bulls
(Table 2). Therefore, this could not be utilized to
select bulls for libido. There was a tendency for bulls
with low libido to have smaller crests. However, only
50 percent of the bulls with no or low libido had a
small crest; therefore, selection would be a real prob-
lem using crest size.

All bulls were given a subjective score for mascu-
linity. Bulls looking like steers were given a score of 1,
while masculine bulls were given a score of 10. Sev-
enty-five percent of the low libido bulls scored from 2
to 4 compared to 33 percent of the medium libido
bulls and 29 percent of the high libido bulls. If bulls
having a subjective score of 2 to 4 had been classified
as low libido bulls, 14 bulls out of 40 would have been
called low libido bulls. Of the 14 bulls in this cate-
gory, 11 had either moderate or high libido. There-
fore, subjective score would not be an accurate way to
select low libido bulls.

Testosterone level appeared to be a potential tool
for selecting low libido bulls as 75 percent of the bulls
with low libido also had low testosterone. Only one
bull with medium or high libido had a low testos-
terone level. However, additional work on another
group of bulls indicated no relationship between tes-
tosterone level and libido. Therefore, testosterone
level cannot be used to select bulls for libido.

Scrotal Circumference

The best measure of sperm output has been
shown to be scrotal circumference. The larger the
scrotal circumference the more sperm produced.
Bulls with wide variation in scrotal circumference
were used in the breeding trial. Heifers bred to bulls
with a scrotal circumference less than 30 cm had
unsatisfactory pregnancy rates (Table 3). Pregnancy
rates in heifers bred to bulls with scrotal circumfer-
ence over 30 cm varied because of libido and semen
quality.

Bulls with small scrotal size should be culled.
The incidence of bulls with small scrotum is usually
quite low. As an example, in this study only four

TABLE 2. RELATIONSHIP BETWEEN LIBIDO AND OTHER CHARACTERISTICS

Scrotal size Width of crest Masculinity score Testosterone
Level of No.
libido bulls Small  Adequate  Small Medium Large 24 5-6 7-8 Low Medium  High
None or low 4 25% 75% 50% 50% 0 75% 25% 0 75% 25% 0
Medium 12 17% 83% 25% 67% 8% 33% 50% 17% 0 83% 17%
High 24 4% 96% 21% 50% 29% 29% 46% 25% 8% 33% 58%
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TABLE 3. SCROTAL CIRCUMFERENCE AND FERTILITY

Scrotal circumference (cm)

<30 30-35 36-42
No. bulls + 14 21
Fertility rate
Unsatisfactory 100% 28% 43%
Questionable 43% 33%
Satisfactory 28% 24%

bulls out of 250 (2 percent) had a scrotal circumfer-
ence less than 30 cm.

It is interesting to examine the causes of infertili-
ty in bulls with small testicles. One bull had low
libido, in another only a small number of normal
sperm were found, whereas the other two exhibited
high libido and a high number of normal sperm
(Table 4). One would have expected a high pregnan-
cy rate from these two bulls. However, one bull
produced a 0-percent pregnancy rate in heifers and
the other a 20-percent pregnancy rate.

Semen Quality

The relationship between pregnancy rate and
normal sperm 4 to 5 weeks prior to breeding was
studied. Bulls with no libido or small testicles were
removed from the analysis. Six bulls had 75 percent
or more normal sperm, and 83 percent of these bulls
achieved a satisfactory pregnancy rate (over 50 per-
cent) (Table 5), while 17 percent achieved an unsatis-
factory pregnancy rate (under 20 percent). Fertility
will change according to the type of sperm present at
the time a bull mates a cow. It should be noted that
the sperm evaluated today were manufactured 6
weeks before. Data from this study indicate that high
fertility bulls be identified by the presence of 75
percent or more normal sperm.

Physical Traits and Fertility
The correlation between pregnancy and prepuce

TABLE 4. SCROTAL CIRCUMFERENCE AND CAUSES OF IN-
FERTILITY

<30 cm
No. bulls <
Low libido 1
Few normal sperm 1
High libido and large number of normal sperm 2

TABLE 5. PREGNANCY AND NORMAL SPERM

Normal sperm®

<35 35-64 64-74 75 or over

No. bulls 15 6 B 6
Approx. no. heifers bred
per bull 18 18 18 18
Fertility rate
Unsatisfactory (<20%) 20% 17% 60% 17%
Questionable (20-40%) 53% 67% 40% 0
Satisfactory (50% or more)  27% 17% 0 83%

2Bulls with low libido and small scrotal circumference removed.
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length was 0.38 (P<<.05). This indicates that bulls with
long, dangling sheaths have lower fertility. This type
of bull should therfore be avoided. Other physical
traits measured (size of crest, masculinity score) were
not related to fertility.
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Reproductive Behavior in Beef Cattle

W. R. KLEmM, R. E. SIS,
V. L. Jacoss, C. J. SHERRY,
AND P. J. CHENOWETH

Summary

This study deals with sexual behavior of beef
cattle as it relates to and is affected by odiferous
chemicals in urine. A bioassay has been developed
for studying sexual behavior of bulls in response to
the urine of cows in estrus. Detection of odiferous
chemicals was shown to involve an accessory struc-
ture of smell known as the vomeronasal system.
Dissections of cattle heads disclosed the gross and
microscopic anatomy of this organ and of the ducts
that conduct odor-bearing materials into the organ.
The movements by which bulls get urine and odifer-
ous chemicals into the organ were filmed with time-
lapse photography, and a method was developed for
reversibly plugging the ducts to the organ, thereby
offering a potential management tool. Other studies
on the chemical nature of the odiferous chemicals are
presently under way.

Introduction

This study has developed as a result of the com-
mon belief that one or more odorous chemicals
(pheromones) are present in the urine of estrous
cows that inform bulls of the presence of heat and
which excite them to mating behavior. Therefore, a
long-range study of beef cattle reproductive behavior
was initiated, with emphasis on the role of
pheromones and on manipulation of the normal
pheromone “communication system.” This program
may give cattlemen a new management tool. One of
the long-range goals is to identify the pheromone that
signals when a cow is in estrus. If that chemical could
be identified and synthesized, it could be used to
stimulate libido in old or otherwise reproductively
unmotivated bulls. This might also be helpful in
semen production in artificial insemination pro-
grams.



Bulls give off pheromones too, and identifying
these may have practical applications. The practi-
cality of such approaches has already been demon-
strated in swine, where a commerical pheromone
product from boars (Boar Mate, Jeyes Co.) is sprayed
in the nose of estrous females to make them more
willing to permit mating.

An equally important application is reducing sex-
ual stimulation, such as in feedlot operations where
buller steers and bulls are socially disruptive and
interfere with weight gains and feed efficiency. Inter-
fering with pheromonal communication should re-
duce such behavior. Fighting is often sexually
motivated and is also clearly disruptive and undesir-
able.

Experimental Procedures

There is clear experimental evidence that detec-
tion of pheromones and the associated changes in
reproductive behavior are mediated by a sensory
organ in the nose known as the vomeronasal organ
(VNO). A multidisciplinary team was assembled to
investigate the role of this sensory organ in reproduc-
tive behaviors.

Anatomical Studies on the Vomeronasal System

Dissections were made of six male and female
bovine heads. One specimen was used to make a
plastic cast of the VNO. Digestion of the surrounding
tissue permitted a full three-dimensional view of the
VNO. Other specimens were preserved in fixative.
By examining a series of blocks of tissue, how the
shape, size and orientation of the VNO and its ducts
change at the various levels between the oral opening
and the nasal cavity was determined (1).

Bioassay with Bulls

Bulls in the presence of estrous cows exhibited
“flehmen”” with sufficient regularity that it is a useful
measure for the presence of presumed pheromone.
Bulls are usually tested on two cows restrained about
12 feet apart, with one cow in estrus (either naturally
or chemically induced) and the other cow in anestrus
(or spayed). The bull’'s behavior is quantified by the
number of times that he exhibits flehmen, their dura-
tions, and by the amount of time he spends inspect-
ing the tail and vulvar area of each cow. The licking of
urine, rubbing of the legs and perineal region of the
cow, standing or guarding postures by the bull,
penile erections and preputial secretions, as well as
any mounting attempts, are noted.

Bulls are also tested on two “dummy cows,”
rectangular shaped wooden structures that are
covered with red canvas and have an artificial tail. A
plastic apron is placed under the “tail” to contain
urine samples; one “cow’ is loaded with estrous
urine and the other is loaded with nonestrous urine.
The relative responsiveness of the bulls to urine sam-
ples allows verification of which samples are most
likely to contain large amounts of pheromone; these
samples are then saved for chemical analysis.

Analysis of Flehmen Movements

Two estrogen-primed heifers were used for test-
ing nine Brahman bulls. Lip, tongue, and head move-
ments during flehmen were observed in each bull.
Time-lapse motion pictures of movements were taken
with a 16-millimeter camera equipped with freeze
frame/slow motion capabilities allowing the precise
sequence of lip and tongue movements to be ob-
served (2).

Plugging the Vomeronasal Ducts

Several bulls were used in the behavioral assay
before and after their VNO ducts were plugged with
a removable plastic plug. In this way the influence
played by tne VNO in heat detection and reproduc-
tive behavior was evaluated.

Urine Collection

Urine was collected from normally cycling cows
in the Texas A&M University dairy and research
herds. In cows that are known to be in estrus, vaginal
and cervical mucus was collected to compare it with
urine for pheromone potency. The urine of ovariec-
tomized cows served as an experimental control.

Chemical Analysis of Urine

Comparison of estrous vs. non-estrous urine is
presently in process to see if any chemical (phero-
mone) is found only in the estrous urine. A wide
variety of trial-and-error attempts must be made as
several methods of extraction must be attempted. The
urine must be extracted with different organic sol-
vents at different pH levels, and, moreover, a variety
of chromatographic separation procedures must be
employed.

Results and Discussion

The VNO is a paired, blind-ended sac structure
located under the floor of the nasal cavity, on either
side of the ventral border of the nasal septum. One of
its ducts leads from the VNO to join with the incisive
duct to form a common duct which opens into the
roof of the mouth. The other end of the duct opens
into the nasal cavity. The duct which opens into the
mouth and its associated pit (one on each side of the
midline) are readily compressed by tongue motion.

To understand the mechanisms for introducing
urine or vaginal secretions into the VNO, the freeze/
frame pictures were examined frame-by-frame. Prior
to flehmen, the mouth opens slowly and the tip of the
tongue is curled backward to compress the incisive
papilla; the body of the tongue protrudes from the
mouth, showing the ventral side. The tip maintains
its position while the body of the tongue moves
forward. The movements are of a compressing na-
ture, and because they occur as a short series of up
and down strokes, each movement has been dubbed
a tongue-compression stroke (TCS). There are on the
average two to four strokes per second. Presumably,
the compression during a TCS helps to force liquids
up into the VNO where they may be analyzed. Dur-
ing flehmen itself, TCS does not occur.
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Although the data are not yet fully analyzed, it
appears that plugging of VNO ducts alters flehmen
and mating behavior and that removal of the plugs
restores normal behavior. Reversible plugs could be
used for a variey of practical purposes ranging from
reducing “riding”” or fighting behaviors in feed lots to
preventing bulls from breeding cows at the wrong
time of year or at the wrong age of young females.

Several extraction methods have been developed
for urine analysis and preliminary separations of
urine components have been achieved. The inevit-
able trial-and-error tests of various procedures are
continuing in the effort to discover a urine compo-
nent that is unique to the estrous state.
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Effects of Breed and Heterosis
on Growth and Production
Characters of Cattle
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Summary

Breed and heterosis effects on growth and pro-
duction characters were studied in five straightbreds:
Angus(A), Brahman(B), Hereford(He), Holstein(Ho),
and Jersey(J) and the 10 F; crossbred types (recipro-
cals pooled): AB, AHe, AHo, AJ, BHe, BHo, B]J,
HeHo, HeJ and HoJ. Bulls were individually or group
fed; heifers were individually fed or placed on pas-
ture with supplemental feed as needed for normal
growth. Heifers were mated to bulls of the same
breedtype to produce second generation straightbred
and F, crossbred calves. Breedtype means for year-
ling and 18-month weight and height as well as age,
weight, and height at puberty are presented by sex-
management subclass. Cow production characters
based on the first three parturitions include calf survi-
val at birth and to weaning, calf birth weight as well
as weaning weight and height, weight and height of
cow at calf weaning, plus post-partum and calving
intervals. Heterosis of 6 to 16 percent for weight and 0
to 3 percent for height indicate crossbreds to be
generally larger at birth, weaning, yearling, and 18-
month ages, at puberty, and as cows. Crossbred
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females on pasture were younger at puberty and first
parturition. Crossbred cows producing crossbred
calves exhibited a 3-to 6-percent advantage in calf
survival, a 9-percent advantage in post-partum inter-
val to first estrus, and a slight advantage in calving
interval. In a majority of production situations, the
heterosis levels observed in this study would serve to
increase efficiency of production. Results of this
study also support the contention that breedtypes
should be compared in the context of a production
system on the basis of total efficiency. Decisions
concerning choice of breedtype to use must be made
with respect to specific sets of production conditions.

Introduction

Increasing efficiency of beef production by genet-
ic methods rests on two primary activities: (a) selec-
tion' within breeds to enhance critical characters; and
(b) selection among and combination of breeds to
produce individuals that better fit production condi-
tions and resources.

The comprehensive research project described
here was designed to provide information needed for
planning efficient beef production systems. The
breeds sampled represent a wide range of size and
growth rate, milk yield, and other characters. An
assessment of performance levels for these characters
for various available breeds and crosses as well as an
understanding of the manner in which performance
for one influences performance level for another are
necessary to best determine the most apropriate man-
ner of using these genetic resources in a beef produc-
tion system.

Experimental Procedure

Five breeds of cattle were chosen for the project:
Angus, Brahman, Hereford, Holstein and Jersey.
These breeds represent broad ranges in size and
growth rate, milk yield, developmental origin and
other critical characters; effects and relationships ob-
served in such a sample should be representative of
cattle in general. Cows of these breeds in the herds of
cooperating breeders in Texas were artificially in-
seminated with semen from bulls of each breed; 25 or
30 sires per breed were used. A diallel mating design
was followed, and reciprocal crosses were pooled so
that the project was conducted as a modified diallel
with 5 straightbred groups: Angus, Brahman,
Hereford, Holstein and Jersey plus 10 crossbred
breedtypes: Angus-Brahman, Angus-Hereford, An-
gus-Holstein, Brahman-Jersey, Hereford-Holstein,
Hereford-Jersey and Holstein-Jersey.

Calves were born in the 1972-73 calf crop year
(Octcber through May). Calves of Angus, Brahman,
and Hereford dams were weaned at approximately 3
months of age; calves of Holstein and Jersey dams
were weaned at 3 to 7 days and reared artificially. All
calves were delivered to the Texas A&M University
Agricultural Research Center at McGregor by approx-
imately 3 to 4 months of age where they were placed
in quarantine for 3 weeks. Calves were then sorted by



sex and placed in drylots for ration and location
stabilization. At approximately 6 months of age
calves were assigned to managerial regimes estab-
lished according to data collection requirements and
facilities available. Bulls were either individually fed
for serial slaughter (138) or group fed (286); heifers
were individually pennned and fed (91) or placed on
pasture (384).

All bulls received the same ration ad libitum; this
ration consisted of 48.5 percent sorghum grain, 20
percent cottonseed meal, 25 percent cottonseed hulls,
4 percent vegetable fat, and 2.5 percent vitamin and
mineral supplement. Group bulls were fed in a com-
mon trough with approximately 50 bulls per lot; the
individually fed bulls were allowed access to feed for
a minimum of 10 hours per day. Further details
concerning the management of the bulls are provided
by Long et al. (3).

Individually penned heifers received ad libitum
the same ration as the bulls until puberty; after puber-
ty, heifers received a ration consisting of 33 percent
sorghum grain, 10 percent cottonseed meal, 50 per-
cent cottonseed hulls, 4 percent vegetable fat, and 3
percent vitamin and mineral supplement. Penned
heifers were allowed access to the feed during day-
light hours (minimum 10 hours per day). Pastured
heifers were provided a salt-limited grain ration
when needed to supplement grazing or hay to ensure
normal growth. Long et al. (2) and Stewart et al. (4)
describe in more detail the management of the
heifers.

Insemination of heifers to bulls of the same
breedtype (e.g. Angus-Brahman to Angus-Brahman,
Brahman-Hereford to Brahman-Hereford, etc.) in the
first generation was begun on an individual basis at
the first estrus occurring after puberty plus 105 days.
Heifers were inseminated repeatedly until they con-
ceived; the heifers that reached approximately 36-40
months of age without conceiving to A.I. were then
exposed to bulls for 3 months; heifers open at the end
of this natural service period were declared infertile
and sold. This is obviously a very lenient policy and
was followed to allow expression of maximum varia-
bility in fertility (or infertility). Results from the first
three parturitions are presented.

The data were analyzed to provide adjusted
(least squares) means for each of the 15 breedtypes
for the characters of interest. From these breedtype
means, calculations were performed to yield averages
for the five straightbreds and 10 crossbreds, respec-
tively. Heterosis in units is estimated as the crossbred
minus the straightbred mean; percentage heterosis is
obtained by dividing heterosis in units by the
straightbred mean and multiplying the quotient by
100.

Results and Discussion

Choice of breeds or crosses to be used in a beef
production system should be based on performance
in several “character areas,” since efficiency of pro-
duction is affected by the combined performance in
all these areas. Three such ““character areas” are 1)

TABLE 1. YEARLING WEIGHTS AND HEIGHTS ON BULLS, PASTURED HEIFERS AND PENNED HEIFERS

Bulls Pastured heifers Penned heifers
Weight Height Weight Height Weight Height

Breedtype (Ib) (in) (Ib) (in) (Ib) (in)
Angus (A) 759 44 470 40 589 44
Brahman (B) 676 48 522 47 565 50
Hereford (He) 659 42 405 40 516 34
Holstein (Ho) 779 48 490 45 665 51
Jersey (J) 531 43 351 40 409 45
AB 807 47 537 45 615 48
AHe 786 45 483 41 658 46
AHo 7ol 46 495 43 630 47
AJ 683 44 433 41 568 45
BHe 774 47 530 45 653 48
BHo 833 51 558 47 693 52
BJ 713 48 473 45 655 50
HeHo 788 46 505 43 645 49
HeJ 655 43 418 41 575 46
HoJ 705 47 443 44 597 48
Means

Straightbreds 681 45 448 42 549 47

Crossbreds 750 47 488 44 625 48
Heterosis:

Units 69 2 40 2 76 1

% 10.1 3.2 9.0 2.6 13.9 351

Adapted from Long et al. (2 and 3).
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TABLE 2. EIGHTEEN-MONTH WEIGHTS, HEIGHTS AND CONDITION SCORES* OF BULLS, PASTURED HEIFERS AND PENNED
HEIFERS

Bulls Pastured heifers Penned heifers
Weight Height Condition Weight Height Condition Weight Height Condition

Breedtypes (Ib) (in) score (Ib) (in) score (Ib) (in) score
Angus (A) 1039 48 5 668 44 5 797 44 6
Brahman (B) 937 o], 6 721 50 ) 762 50 5
Hereford (He) 1007 46 6 619 43 5 792 44 6
Holstein (Ho) 1153 53 4 753 49 4 955 51 B
Jersey (J) 825 47 4 531 44 4 642 45 5
AB 1131 bl b 735 47 51 857 48 6
AHe 1134 47 6 708 45 5 915 46 6
AHo 1129 51 5 700 47 4 935 47 5
AJ 1073 48 5 639 45 4 817 45 6
BHe 1122 50 6 749 48 5 916 48 6
BHo 1184 54 5 793 51 4 977 52 5
BJ 996 52 5 673 49 4 891 50 6
HeHo 1171 50 5 756 47 4 964 49 b
HeJ 997 47 5 629 45 b 849 46 5
HoJ 1107 52 4 666 48 4 820 48 5
Means

Straightbreds 992 49 5 659 46 4 790 47

Crossbreds 1104 50 5 708 47 5 894 48 6
Heterosis:

Units 112 il 0 . 49 1 1 104 1 1

%o 1.3 2.8 - 7.5 2:1 - 13.2 24 -

Adapted from Long et al. (2 and 3).
*Subjective condition score based on 9-point scale in which 5 = average fatness, 1 = emaciated and 9 = extreme obesity.

TABLE 3. AGE, WEIGHT AND HEIGHT AT PUBERTY OF BULLS

Group-fed Individually-fed
Age Weight Height Age Weight Height

Breedtype (days) (Ib) (in) (days) (Ib) (in)
Angus (A) 299 646 43 276 553 42
Brahman (B) 391 714 49 401 745 48
Hereford (He) 334 624 42 304 518 41
Holstein (Ho) 330 710 47 259 569 45
Jersey (J) 299 481 43 304 434 41
AB 324 741 46 322 741 47
AHe 280 542 42 312 67! 43
AHo 314 668 44 303 644 45
AJ 322 567 42 279 556 43
BHe 322 703 46 343 725 47
BHo 331 802 48 336 780 50
BJ 346 683 47 320 648 47
HeHo 310 699 45 290 611 44
HeJ 334 586 43 274 492 41
Ho]J 307 584 45 307 631 46
Means

Straightbreds 331 635 45 309 564 43

Crossbreds 319 658 45 309 650 45
Heterosis:

Units =12 23 0 0 86 2

% — 3.6 3.6 - - 15.2 4.7

Adapted from Stewart et al. (4).
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TABLE 4. AGE, WEIGHT AND HEIGHT AT PUBERTY OF HEIFERS AND AGE AT FIRST CALVING?

Pastured Penned -
Age at first
Age Weight Height Age Weight Height parturition

Breedtype (days) (Ib) (in) (days) (Ib) (in) (days)
Angus (A) 385 496 42 303 507 40 952
Brahman (B) 479 659 50 382 606 46 1162
Hereford (He) 454 518 43 300 434 40 1032
Holstein (Ho) 361 492 46 288 534 46 847
Jersey (J) 387 368 42 331 362 40 867
AB 399 577 46 378 642 44 1026
AHe 416 549 43 312 551 41 893
AHo 398 536 45 283 505 42 897
A] 385 470 43 802 485 42 865
BHe 425 600 47 343 608 45 1040
BHo 404 611 49 360 666 48 921
BJ 395 505 46 400 717 48 1058
HeHo 375 514 44 303 545 44 905
HeJ 398 461 43 299 478 42 854
HoJ 385 487 311 485 43 857
Means

Straightbreds 413 507 45 321 489 42 972

Crossbreds 398 531 45 332 568 ok 932
Heterosis:

Units =5 24 0 11 79 2 —40

% — 3.6 4.7 - 3.4 16 4.8 - 4.1

Adapted from Long and Cartwright (1).

“These breedtype means were adjusted for treatment and month of birth of the heifer.

size and growth rate, 2) puberty traits and 3) cow
production characters. These three areas are repre-
sented here by the specific characters: yearling and
18-month weight and height (Tables 1 and 2); age,
weight and height at puberty (Tables 3 and 4); and
selected characters of calves and cows (Table 5).

Heterosis

Heterosis or hybrid vigor has been reported to be
generally beneficial in terms of improving efficiency
of beef production. To the limited extent that one
may judge character performance levels outside the
context of a specific production system, heterosis
observed in this study appears to be beneficial (2,3).
Heterosis levels in the range of 6 to 16 percent for
weight and 0 to 3 percent for height indicate cross-
breds to be generally larger at birth, weaning, yearl-
ing and 18-month ages, at puberty and as cows.
Increased size is generally beneficial at early ages
when slaughter cattle are marketed but may be in
conflict with efficiency when associated with in-
creased maintenance requirements of larger cows.
The higher nutritional level of the penned heifers (as
compared to pastured heifers) apparently resulted in
higher levels of heterosis for weight; this may have
been partially expressed in higher fatness levels as
indicated by 18-month condition score. In this study
(4), the effects of heterosis on puberty age were
mixed (Tables 3 and 4); however, results from the
group-fed bulls and pastured heifers (the manage-
ment groupings with the largest numbers of cattle)
indicate that crossbreds were younger than
straightbreds at puberty; crossbred females were
younger at first parturition. Comparing crossbred

cows raising crossbred calves to straightbred cows
with straightbred calves, crossbreds exhibited a 3-to 5-
percent advantage in calf survival, shorter post-
partum intervals to first estrus and slightly shorter
calving intervals. In a majority of production situa-
tions the heterosis levels observed in this